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ORIGINAL PAPER

Berrin Erok @ ', Ali Onder Atca @ 2, Hakan Onder ®

Neurological complications encountered in imaging studies
in association with COVID-19 - a single center analysis

' Department of Radiology, University of Heath Sciences, Prof Dr Cemil Tascioglu City Hospital, istanbul, Turkey
2 Department of Radiology, Altinbas University School of Medicine Bahcelievler Medical Park Hospital, istanbul,
Turkey

ABSTRACT

Introduction and aim. COVID-19 is a viral infectious disease, which was first reported in patients with unusual pneumonia in
December 2019. However, as the pandemic progressed, extrapulmonary manifestations including various neurologic compli-
cations have been started to be increasingly reported. In this retrospective study, we tried to search the neurological complica-
tions seen in our patients with positive rRT-PCR test for COVID-19 and examine the underlying associated risk factors.
Material and methods. We have retrospectively analyzed the neuroimaging studies performed in our patients with positive
rRT-PCR test for COVID-19 between April, 2020 and August, 2021. Both computed tomography (CT) scans and magnetic reso-
nance imagings (MRI) of brain, head & neck region and the spine were retrospectively evaluated for the presence of any com-
plications in patients with positive rRT-PCR test for COVID-19.

Results. There were 147 patients having neuroradiological imaging studies performed for various neurological symptoms.
Among these patients we detected 10 acute neurologicalcomplications.The most common was acute ischemic stroke in 5
patients and intracranial hemorrhage in 3 patients, two of which were intraventricular hemorrhage. The other complications
included a preasumed cytotoxic lesion of corpus callosum in a 18 year old girl and lumbar spondylodiscitis complicated with
psoas abcess in a 47 year-old man.

Conclusion. In COVID-19 patients severe neurological complications can occur even as a presenting manifestation. Early cyto-
toxic endothelial injury can be the underlying cause in these patients and should be further studied in larger series in terms of
what the susceptibility factors in these patients.

Keywords. COVID-19, direct viral toxicity, endotheliitis

Introduction

Severe acute respiratory syndrome-coronavirus 2
(SARS-CoV-2) associated coronavirus disease 2019
(COVID-19) is a viral infectious disease, which was first
reported in patients with unusual pneumonia in De-
cember 2019 at Wuhan, China.! It was recognized as a
pandemic by the World Health Organization (WHO)
on 11 March 2020. The main mode of transmission
is human-to-human spread via respiratory droplets

presenting primarily with pulmonary manifestations.
However, as the pandemic progressed, extrapulmonary
complications started to be frequently reported. Neu-
rological manifestations, ranging from headache, my-
algia, hyposmia/anosmia, hypogeusia/ageusia to severe
complications such as impaired consciousness, stroke,
encephalitis and encephalopathies have been also re-
ported particularly in severelly ill patients from the
disease.® In a case series of 214 patients, neurologi-
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cal complications have been observed in 36.4% of the
overall cases and the more severe complications were
reported in patients with more severe infection. In this
case series 5.7% (5 patients) of the neurological compli-
cations were acute cerebrovascular diseases (4 patients
with ischemic stroke and 1 patient with cerebral hemor-
rhage).* Acute cerebrovascular diseases most of which
are acute ischemic stroke were reported up to 6% of hos-
pitalized patients with severe inflammatory state.” The
hyperinflammatory state and associated edothelial dam-
age has been suggested as an endogenous pathway in
the pathophysiology. However, although less frequent,
some neurological complications have been reported in
young COVID-19 patients without severe disease, even
as an presenting manifestation leading to the diagnosis
of COVID-19.

Aim

In this retrospective study, we tried to search the neuro-
logical complications seen in our patients with positive
rRT-PCR test for COVID-19 and examine the underly-
ing associated risk factors.

Material and methods

We have retrospectively analyzed the neuroimaging
studies performed in our patients with positive rRT-
PCR test for COVID-19 between April, 2020 and Au-
gust, 2021. Ethics approval has been obtained from
Altinbas University School of Medicne Bahcelievler
Medical Park Hospital Ethics Committee. Both com-
puted tomography (CT) scans and magnetic resonance
imagings (MRI) of brain, head & neck region and the
spine were retrospectively evaluated for the presence of
any complications in patients with positive rRT-PCR
test for COVID-19. The CT images were obtained us-
ing 64 channel MDCT scanners (Philips Medical Sys-
tems, Brilliance 64, the Netherlands). MR imaging was
performed with the Siemens 3T MAGNETOM Skyra
MRI scanner. The pulse sequences were coronal FLAIR
(TE/TR =125/10000 msec; TI=2800 msec), axial T2
(TE/TR=80/3000 msec), axial T1 (10/2000 msec), diffu-
sion-weighted imaging (DWI) (TE/TR=120/3500 msec)
with apparent diffusion coefficient (ADC) maps.

Results

There were 147 patients having neuroradiological im-
aging studies performed for various neurological symp-
toms including headache, anosmia, vertigo, impaired
conscioussness, transient ischemic attacks, acute neu-
rological deficits and peripheral neuropathic symptoms
in patients with positive rRT-PCR test for COVID-19.
Among these patients we detected 10 acute neurolog-
icalcomplications. The most common was acute isch-
emic stroke (AIS) (5 patient with M/F; 3/2, mean age;
75) (Fig. 1, 2) followed by intracranial hemorrhage

(ICH) (Fig. 3, 4) (3 patients with F/M: 2/1, mean age;
73); all of these 8 cases were older age patients (older
than 60 years). All of them had at least one tradition-
al cardiovascular risk factors including hypertention
(HT), type 2 diabetes (T2DM), obesity and/or smoking.

Fig. 1. A 72-year-old male patient with T2DM, HT, obesity
and smoking history presented with COVID-19 pneumonia
and followed in ICU. A) DWI and B) ADC mapping of the
brain show restricted diffusion at the left MCA territory
characterized with hyperintensity on DWI (A, arrow) and
corresponding low signal intensity on ADC mapping (B,
arrow) compatible with AlS

Fig. 2. A 92-year-old female patient with with hypertention
who presented with COVID-19 pneumonia and followed

in ICU. A) DWI and B) ADC mapping of the brain show
multifocal restricted diffusion at the left anterior corona
radiata (A,B white arrow), at the right parasagittal frontal
(A,B ablack arrow) and parietal lobes (A,B red arrow head ),
at the splenium of corpus callosum (C,D red arrow)

In all of the ICH patients and 3 of the AIS patients
the cerebrovascular events occured in intensive care
unit (ICU) when they were under management for se-
vere COVID-19 pneumonia. The other two patients


https://creativecommons.org/licenses/by/4.0/

Neurological complications encountered in imaging studies in association with COVID-19 — a single center analysis 7

with AIS had also COVID-19 pneumonia but were be-
ing followed in hospital setting, not in ICU. All of these
patients were under anticoagulation treatment, except
one patient with AIS of left MCA territory, due to his
previous history of ICH and one patient with intraven-
tricular hemorrhage (IVH) due to uncontrolled HT
during the ICU course (Table 1).

":

Fig. 4. A 78-year-old female patient under anticoagulation
(A) and a 81 year old female patient without prophylactic
anticoagulatiob presented with COVID-19 pneumonia
and followed in ICU. Axial CT images show small amoutns
of IVH (A,B, red arrows) without obvious parenchymal
hemorrhage

The other complications included a preasumed cy-
totoxic lesion of corpus callosum (CLCC) in a 18 year
old girl (Fig. 5).

In this young patient with positive rRT-PCR test for
COVID-19 presenting with presyncope, a focal restrict-
ed diffusion in the splenium of the corpus callosum was
present on MRI and CLCC was considered in this previ-
ously healthy patient despite the lack of follow-up MRI
to show its reversibility. There was no other white mat-
ter lesion to suggest demyelinating processes.The last
complication was lumbar spondylodiscitis (LSD) com-
plicated with psoas abcess in a 47 year-old man with no

Fig. 3. A 60-year-old male patient presented with COVID-19 relevant medical history except long lasting smoking

pneumonia and followed in ICU with anticoagulation (Fig. 6).

treatment. Parenchymal window axial CT image shows These two complications occured at the absence

acute left thalamic cerebral hematoma (arrow) of any pulmonary disease and were the presentations
of the patients that lead to the diagnosis of COVID-19
(Table 2).

Table 1. Demographic features of the patients

Presentation

Age Sex Medical history with COVID-19  ICU Location Anticoagulation
pneumonia
Bifrontal, right parietooc-
92 Female HT Yes Yes  cipital sulcus, splenium of yes
the corpus callosum
67 Female HT, smoking Yes No Right hemipontine Yes
AlS 75 Male Obesty,TZPM, HT, Yes Yes Left MCA territory No (previous ICH)
smoking
72 Male Smoking Yes Yes Left MCA territory Yes
69 Male  HT, T2DM, smoking Yes No right fron':ia;tzrlwd left pa- Yes
81  Female HT Yes Yes IVH No (uncontrolled
HT)
ICH 78 Female Obesity, T2DM, HT Yes Yes IVH Yes
60 Male HT, smoking Yes Yes Left thalamic Yes

AlS; acute ischemic stroke, ICH; intracranial hemorrhage, HT; hypertention, T2DM; type 2 diabetes mellitus, ICU; intensive care
unit, MCA; middle cerebral artery, IVH; intraventricular hemorrhage
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Fig. 5. MRI showing CLCC; A) axial T2w and B) sagittal T2w
images showing hyperintense lesion at the splenium of the
corpus callosum (A,B; red arrows). C) DWI and D) ADC map
show restricted diffusion of the lesion (C,D; red arrows)

Fig. 6. Lumbar MRI demonstrating abnormally increased
signal intensity involving L3-L4 vertebral bodies on
sagittal STIR image (A, white arrows) and the contrast

enhancement in both the involved vertebral bodies and
also in the inflammatory prevertebral soft tissue on sagittal
postcontrast T1w image (B, red arrows). Abnormal signal
intensity involving the right prevertebral soft tissue (C, red
arrow) and the encapsulated hyperintens collection in the
right psoas muscle (C, white arrow) are demonstrated on
axial T2w image. The enhancing wall with central necrotic
cavity on axial poscontrast T1w images (D, white arrow) is
shown

Table 2. The complications other than acute
cerebrovascular diseases

Age Sex Medical COVID-19 Presenting

history pneumonia symptom

CLCC 18 Female None No Presyncope

LSD 47 Male Smoking No Severe back
pain

CLCC: cytotoxic lesion of corpus callosum, LSD; lumbar
spondylodiscitis

Discussion

The mechanisms underlying the neurological complica-
tions caused by SARS-CoV-2 have become a research of
interest due to various neurological symptoms that have
been reported increasingly as the pandemic progress-
es. Moreover, many of the neurological complications
are probably underreported due to the lack of further
diagnostic evaluations. In COVID-19, an inflammatory
state with increased level of cytokines, including IL-6,
is generated and suggested as an endogenous pathway
in the pathophysiology of most of the complications in-
cluding cerebreovascular diseases in severe cases. The
hyperinflammatory state has been shown to be associ-
ated with subsequent coagulopathy characterized with
increased level of procoagulant mediators, which can
present with thrombotic events like venous thrombosis,
pulmonary thromboembolism, acute myocardial infarc-
tion and acute ischemic stroke, resulting in prophylac-
tic anticoagulation in the management of COVID-19
patients, if the coagulation parameters are suitable.?
In a study conducted in 16 critically ill patients, it was
found that in correlation with increased level of IL-6;
the fibrinogen, platelet and D-dimer levels were also in-
creased.” In this endogenous pathway the hyperinflam-
matory state is also suggested as a cause of endothelial
damage. Early in the pandemic, the endothelial damage
was shown in the form of lymphocytic endotheliitis in
the lungs of deceased COVID-19 patients. An angiocen-
tric inflammation with pulmonary vessel enlargement
having extensive endothelial injury, as opposed to the
normally expected lung’s vasoconstriction response to
pneumonia was well demonstrated.'®!! Although his-
topathologic evaluation of CNS is scarce, this endothe-
liopathy has been also demonstrated in various other
organs including heart, kidney, liver and small intestine
of three COVID-19 patients in a postmortem exam-
ination.”” Endothelial damage in the microcirculation
can cause ischemia as a result of subsequent vasocon-
striction and also serves as an additional predisposing
factor for prothrombotic events with dysregulation of
antithrombotic functions of the endothelium. More-
over, although less frequently reported and most often
considered as a result of thereupathic anticoagulation in
COVID-19 patients, hemorrhagic manifestations have
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been also supposed to be associated with the endothelial
damage as a possible cause of rupture of arterial wall."?
Cezar-Junior et al. demonstrated four cases of subarach-
noid hemorrhage (SAH) in patients with COVID-19
and suggested to some extent the exacerbated system-
ic inflammatory process as a cause.’* As our knowledge,
IVH which is much more common as a secondary com-
plication of intraparenchymal hemorrhage or SAH, has
been very rarely reported as a primary in association
with COVID-19." Two of our ICH cases were presented
with primary IVH, one of which was not under antico-
agulation due to uncontrolled HT. Older patients with
already damaged endothelium due to one or more tradi-
tional cardiovascular co-morbidities are expected to be
more prone to these complications, as seen our patients.
On the other hand, Harris CL. et al. reported a fatal case
of IVH with associated hydrocephalus without obvious
parenchymal source of bleeding in a 32 year-old young
man who was not on any anticoagulation or antiplatelet
medication and had no significant comorbidities.'* We
did not see AIS and ICH in patients without preexist-
ing cardiovascular risk factors at the absence of moder-
ate to severe COVID-19. Likewise, in a study including
219 hospitalized patients with COVID-19 in Wuhan,
Chine acute stroke were found more likely in older pa-
tients presenting with severe pulmonary infection, hav-
ing cardiovascular risk factors, as in our patients.”” In
addition, a few studies demonstrated AIS cases at the
absence of severe pulmonary/systemic disease and car-
diovascular comorbidities.'®!* An example is a case se-
ries by Oxley et al. reporting five cases of large vessel
stroke in COVID-19 patients younger than 50 with no
previous medical history. ?° In these cases a direct tox-
ic endothelial injury rather than the endogenous path-
way of exacerbated systemic hyperinflammatory state
seen in severe disease, can be considered. The most pro-
posed mechanism underlying this direct neurotropism
of COVID-19 is the expression of angiotensin-convert-
ing enzyme 2 (ACE-2) receptors in the endothelium
which are used by SARS-CoV-2 for viral entry to the
host cells via their large spike glycoproteins present in
all Coronaviruses as a family. ACE-2 receptors are wide-
ly expreseed in the type 2 alveolar cells, epithelial cells
of the gastrointestinal tract, and also in the endotheli-
al cells.’*** SARS-CoV-2 would theoretically use ACE2
receptors expressed in cerebrovascular endothelial cells
and cause direct virus induced toxicity. Our two atypi-
cal cases of CNS complications occured as a presenting
manifestation of COVID-19 also suggest the direct viral
toxicty as the underlying pathophysiology of early neu-
rological presentations. A few reported cases of CLCC
and posterior reversible encephalopathy syndrome in
association with COVID-19 and also our preassumed
case of CLCC suggest a direct cytotoxic endothelial in-
jury in the cerebral vasculature resulting in damage to

vascular autoregulation and cerebral perfusion.?*? Fur-
thermore, in our last patient presenting with LSD, there
was no previous history of spinal instrumentation or any
trauma. Laboratory results excluded tuberculosis and
brucellosis. Abdominopelvic imaging excluded the oth-
er possible causes of psoas abcess originating from gas-
trointestinal diseases like appendicitis, diverticulitis or
perforation and urinary diseases. We thought that these
pyogenic complications could have been associated with
hematogenous dissemination from asymptomatic colo-
nization sites via SARS-CoV-2 induced endotheliitis.”
In this patient, the longlasting smoking history could
have served as a contributing factor for the occurance
of early endothelial damage. Another support from our
experience is that, we encountered and reported in our
previous studies that the pulmonary vasoplegia is pres-
ent not only in severe systemic disease associated with
cytokine storm but also in very limited early pneumo-
nia, meaning that vasoplegia can present early in the
disease and could have been also present in the system-
ic vasculature including the cerebral vessels and can re-
sponsible for early extrapulmonary and neurological
complications.”

Conclusion

In COVID-19 patients despite the paucity of data, se-
vere neurological complications can occur and clini-
cians should have a high clinical suspicion particularly
in patients with severe disease. Moreover, it should
be kept in mind that neurological complications can
also occur even as a presenting manifestation in the
absence of any pulmonary disease. Early cytotoxic en-
dothelial injury can be the underlying cause in these
patients and should be further studied in larger se-
ries in terms of what the susceptibility factors in these
patients, like receptor polymorphism. Our study also
shows that, in addition to AIS which has been more
frequently reported till now, ICH cases and interest-
ingly primary IVH can be included in severe neurolog-
ical manifestations seen in patients with COVID-19. In
addition, as a viral infectious disease SARS-CoV-2 can
be also associated with pyogenic complications from
asymptomatic bacterial colonization sites possibly via
hematogenous dissemination due to viral induced en-
dotheliitis.
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ABSTRACT

Introduction and aim. Pediatric Inflammatory Multisystem Syndrome (PIMS-TS) is a new condition that has emerged in chil-
dren during the COVID-19 pandemic. Many clinical signs and symptoms resemble those found in Kawasaki disease (KD).
Material and methods. The following data were considered: clinical presentation, comorbidities, laboratory findings, abnor-
malities in additional tests, exposure to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the child and his fam-
ily members, applied treatment and return to full health.

Results. In the presented study nineteen children were analyzed. Fever was a universal finding in our group and it's mean du-
ration was 7 days (range 5-9). Other common symptoms included abdominal pain and severe weakness (in 89.5%), rash and
conjunctivitis (in 84.2%), vomiting (in 73.7%) and mucous membrane involvement (in 63.2%). In nearly half of cases, echocardi-
ography revealed fluid in the pericardial sac and left ventricular systolic dysfunction (in 52.6% and 47.4% respectively). 21.1%
of patients had coronary artery abnormalities. 26,3% of the children required treatment with dopamine and/or milrinone. In
15.7% ICU admissions and assisted ventilation was necessary. No deaths were recorded.

Conclusion. One should bear in mind that PIMS-TS can mimic KD, appendicitis and meningitis, which may pose a diagnostic
challenge.

Keywords. COVID-19, KawaCOVID, Kawasaki disease PIMS-TS, MIS-C, SISCoV

The list of abbreviations: PIMS-TS/MIS-C - Pediatric
inflammatory multisystem syndrome temporally asso-
ciated with SARS-CoV-2, KD - Kawasaki Disease, CI
- confidence interval, ICU - Intensive Care Unit, IVIG
- intravenous immunoglobulin, PCT - procalcitonin,
CRP - C-reactive protein, WHO - World Health Orga-
nization, CDC - Centers for Disease Control and Pre-
vention

Introduction

Pediatric inflammatory multisystem syndrome tem-
porarily associated with COVID-19 (PIMS-TS), also
known as a multisystem inflammatory syndrome in
children (MIS-C), systemic inflammatory syndrome
in COVID-19 (SISCoV), pediatric multisystem inflam-
matory syndrome temporally associated with SARS-
CoV-2 mimicking Kawasaki disease (KawaCOVID),
is a new condition that has emerged in children during
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the COVID-19 pandemic. In early 2020, it was ex-
pected that children will be the least affected popula-
tion in terms of morbidity and mortality associated
with COVID-19.* However, since April 2020 researchers
mainly from Europe and the United States have report-
ed many cases of severely unwell children presenting
with Kawasaki disease-like features. Its regional inci-
dence correlated with the frequency of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fections. Although, the incidence peaks were shifted by
2-6 weeks.>® Most children met the genetic or serologi-
cal criteria for SARS-CoV-2 infection.”®

It is suggested that PIMS-TS results from dysregula-
tion of the immune response to the SARS-CoV-2 infec-
tion. Many clinical signs and symptoms resemble those
found in Kawasaki Disease (KD). These include systemic
inflammation, persistent fever, rash, mucositis, conjunc-
tivitis and cardiac involvement.® Despite those similari-
ties, recent studies suggest that distinct inflammatory
pathways are involved in the pathogenesis of KD and
PIMS-TS."" In addition, patients with PIMS-T'S are old-
er, more often complain of gastrointestinal symptoms and
present with features of heart failure, in comparison to
children with KD. They also more frequently require In-
tensive Care Unit (ICU) admission, as well as cardiovas-
cular and respiratory support.'>'¢ The incidence of both
entities differ in various regions around the world - most
cases of KD are diagnosed in children of Asian origin,
whereas PIMS-TS affects primarily patients of African,
Afro-Caribbean, and Hispanic descent.®"

Aim

The aim of the article was to present the clinical char-
acteristics and management of children diagnosed with
PIMS-TS. In addition, we wanted to find out the differ-
ences between the previously known and having similar
features, KD and draw attention to possible difficulties
in diagnosing this disease, the cases of which will con-
tinue to appear in connection with the ongoing global
COVID-19 pandemic.

Material and methods
Our work is a retrospective case series study carried out
in the Department of Pediatrics of the State Hospital in
Rzeszéw, Poland. Nineteen cases of children diagnosed
with PIMS-TS were analyzed between November 15,
2020, and January 2, 2021. The diagnosis was made ac-
cording to the case definitions presented in WHO and
CDC publications: persistent fever, elevated inflam-
matory markers, features of multi-organ dysfunction,
epidemiologic link to SARS-CoV-2 infection, and exclu-
sion of other viral and bacterial pathogens as the cause
of inflammation.'®*

The following data were collected: clinical pre-
sentation, comorbidities, laboratory findings (pa-

rameters of inflammation, blood count with smear,
parameters of cardiomyocyte damage, kidney damage,
coagulation, nutrition, transaminase, electrolytes),
abnormalities in imaging examinations (chest X-ray,
ultrasonography, echocardiography), exposure to
SARS-CoV-2 (presence of antibodies against the dis-
ease in a child, confirmed/probable infection in the last
weeks in one of the child’s family members), applied
treatment (immunoglobulin infusions, administration
of glucocorticosteroids, positive inotropic agents and
antithrombotic therapy), the need to stay in the ICU
and return to full health.

Results are presented as counts and percentages for
categorical data and medians and interquartile ranges
(IQRs) for continuous data.

Ethical approval was obtained from the Bioeth-
ics Committee at University of Rzeszow (resolution
9/01/2021).

Results

The median age of the patients was 8.3 years (5.3-9.6
IQR). All cases occurred in the period from November
15, 2020, to January 2, 2021. All children were Cauca-
sian. 42.1% of cases were female. In 3 children (15.7%)
the following diseases coexisted: bronchial asthma,
overweight or obesity. No other comorbidities were re-
ported.

The entire group of 19 children was tested for ac-
tive infection with the SARS-CoV-2 virus (a genet-
ic test for RNA detection from a nasopharyngeal swab
or an antigen test) and all were negative. The level of
SARS-COV-2 IgG antibodies were determined in 18 pa-
tients. Their positive result was obtained in 17 out of 18
(94.4%) cases. The mother of the patient whose SARS-
CoV-2 antibody level was not marked had COVID-19
infection confirmed by genetic testing 4 weeks earlier.

Out of 18 interviewed families, 13 (72.2%) reported
symptoms of respiratory tract infection in a close fami-
ly member of the child 4-6 weeks before hospitalization.
However, only 5 out of 19 (26.3%) patients reported
such symptoms at similar time.

Clinical characteristics

The mean duration of the fever was 7 days (range 5-9).
Other common symptoms included abdominal pain
and severe weakness (in 89.5% of cases), rash and con-
junctivitis (in 84.2%), vomiting (in 73.7%) and mucous
membrane involvement (in 63.2%). Hypotension, diar-
rhea, hyperesthesia and headache were observed in half
of the children. The summary of the clinical presenta-
tions is shown in Table 1.

Our study group included a few patients with a clin-
ical picture of the disease suggesting a different diagno-
sis. Persistent headache, impaired consciousness and
hyperestesia were predominant in one patient. Due to
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symptoms suggestive of meningitis, this child under-
went a head Computed Tomography scan and lumbar
puncture which showed no abnormalities. The second
child presented with clinical and sonographic symp-
toms suggestive of appendicitis. Appendectomy was
performed but no significant changes were found on
histopathology. Another patient with pyuria and kidney
oedema on ultrasound was initially diagnosed with py-
elonephritis. Subsequently, when despite the antibiotic
therapy new symptoms developed, the PIMS-TS diag-
nosis was established.

Table 1. Clinical presentation

Number of patients/19 (%)

Fever 19/19 (100)
Cervical lymphadenopathy 6/19 (31.6)
Gastrointestinal symptoms:
- abdominal pain 17/19 (89.5)
- vomiting 14/19 (73.7)
- diarrhoea 10/19 (52.6)
Dermatological and mucosal
i
- swollen hands/f :
- zor(?juictisiticiy = 16/19(84.2)
. 12/19 (63.2)
- red lips/strawberry tongue
. . 5/19 (26.3)
- peeling of the skin
Cardiovascular symptoms:
- hypotension 10/19 (52.6)
- arrhythmia/bradycardia 3/18(15.8)
Respiratory symptoms
- dyspnea 7/19 (36.8)
- cough 2/19 (10.5)
Neurological symptoms:
- hyperesthesia 9/19 (47 .4)
- headache 9/19 (47.4)
- confusion 3/19(15.8)
- photophobia 5/19 (26.3)
Physical weakness 17/19 (89.5)
Petechiae 2/19(10.5)
Swollen eyelids 4/19(21.2)
Myalgia 4/19(21.2)

Laboratory investigations

The highest level of inflammatory parameters was re-
corded on average on the 6.0 day (range 4-9) of the fe-
ver. Increased levels of CRP, D-dimers and NT-proBNP
were found in all children, elevated PCT in 17 (89.5%)
patients. A notable number of patients had elevated fi-
brinogen, ferritin and cardiac troponin levels. Ab-
normalities in platelet count (thrombocytopenia on
admission and thrombocytosis observed later during
hospitalization), anaemia, lymphopenia, neutrophilia,
hypoproteinemia and hypoalbuminemia were also no-
ticed. A detailed list of all laboratory investigations is
included in Table 2.

Table 2. Laboratory findings — most abnormal level during
hospitalization

Reference Abnormal n/

value total (%) Median (IQR)

Leukocytes max 1150_3}3”5 7/19 (36.8) (10.‘11_'?5.7)
Leukocytes min 4[?0_3/15]5 4/19 (21.1) (5.26;58.3)
e oy 119679 0%,
LymF;:i?\cytes 1['150;/;? 12/19(63.2) (0.511.6)

el R
e TR
Haemnsiilobin 11.[59/—d1”4.5 16/19 (84.2) (8.99_.710.7)

CRP <10[mg/ll 19/19 (100) (105_118_3'2140.7)
PCT [nj;}fn g 7o) _3%11. 2

Ferritin zfu_g';’ﬁz 10/18 (55.6) (18;87_'15 3)
Nt-proBNP [;;/znfl] 19/19 (100) (22?2?5—
16 762.5)

Troponin T [;é'/‘cl’] 11/19 (57.9) (182.298?:'33'7)
D-dimers [:95/?2” 19/19 (100) (361?:.?5—
11 369)
Fibrinogen 2-4[g/ll 14/17(82.4) (4_57'1)
Albumin min. 3'[2/_d5|]‘6 12/19 (63.2) (2_63;13_7)
Protein 6'[2/‘;'3]'0 1719695 570

INR 0.85-1.2 11/16 (68.8) 13

(12-1.4)

APTT 24-36[s]  9/15(60) (32.:7_'238.4)

Depending on the marking: max - the highest recorded
value, min - the lowest recorded value and with no
designation the maximum value, INR - international
normalized ratio, APTT - activated partial thromboplastin time,
IQR - interquartile range
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Chest X-ray and ultrasonography

Chest X-rays were performed in 18 patients - in 8
(44.4%) inflammatory changes were found. In almost
all of these cases, the pleural fluid was additionally visu-
alized using ultrasound. One child with a normal radio-
graph showed isolated fluid in the pleural cavities. In 5
(26.3%) children, due to clinical indications, CT of the
chest was additionally performed - in 4 cases pulmo-
nary parenchyma involvement was visible.

Abdominal ultrasound was performed in 17 (89.4%)
patients. 12 of them had some abnormalities, including
images of acute appendicitis, swelling of the intestinal
wall, mesenteric lymphadenopathy, abnormal image of
the gallbladder, hepato- or splenomegaly and free fluid
(which was the most common sign seen in nearly half
of cases). In one child, abdominal ultrasound detected
features of liver damage (correspond with the clinical
status and laboratory tests), another patient had an ab-
normal kidney image - the obliteration of the cortico-
medullary differentiation. Table 3 and 4 shows in detail
abnormalities found on the ultrasound examination.

Table 3. Abdominal ultrasound findings (n=17)

Number of patients

(%)
Ascites 8(47.1)
Mesenteric lymphadenitis 5(29.4)
Hepato/splenomegaly 5(29.4)
Bowel wall thickening 3(17.6)
Abnormal image of the gallbladder 2(11.8)

Changes suggestive of acute

appendicitis 2(11.8)

Table 4. Chest ultrasound findings (n=9)

Number of patients (%)
8/9 (88.9)
4/9 (44.4)

Pleural fluid
Subpleural consolidations

Echocardiography

Each patient underwent echocardiography. The most
common deviation present in nearly half of children
were fluid in the pericardial sac and left ventricular
systolic dysfunction (in 52.6 and 47.4% respectively).
21.1% of patients had coronary artery abnormalities:
dilatation of the left coronary artery in two children (in
one of them with a visible hyperechoic wall), and of the
right coronary artery in the other two. Table 5 presents
characteristics of the echocardiography findings.

Treatment

All children were treated with intravenous immunoglob-
ulin infusion (IVIG) - 2 of them were given a dose of 1
g/kg, 13 - 2 g/kg and 4 received 4 g/kg. Glucocorticoste-
roids pulses and/or an additional dose of 2 g/kg IVIG

was administered due to the lack or partial response of
first line treatment (IVIG alone). Indications for esca-
lation of treatment were: severe or worsening general
condition of the child, features of shock, persistent fe-
ver 24-36 hours after the end of the IVIG infusion or
its relapse.'” Patients had the implemented treatment on
an average of 5.5 days (range 4-7 day) since the onset of
the fever and after an average of 2.5 (range 1-5) days of
hospitalization.

Table 5. Echocardiography abnormalities (n=19)

Number of patients (%)

Pericardial effusion 10 (52.6)
Left ventricular dysfunction 9 (47.4)
Mitral valve regurgitation 6(31.6)
Tricuspid regurgitation 4(21.1)
Coronary artery dilation 4(21.1)
Enlarged left chamber 2(10.5)
Enlarged right chamber 1(5.3)

Intravenous methylprednisolone pulse therapy
at the daily dose of 20 mg/kg for 3 days followed by 2
mg/kg/day was additionally administered in over half
of the patients.?*?' It was given on average after anoth-
er 24 hours of having a fever (in 5-8 day of fever). Two
(10.5%) children received 2 mg/kg/day methylpredniso-
lone from the start of hospitalization. By the time of dis-
charge, patients were transitioned to an equivalent dose
of oral prednisone and then tapered off over two to three
weeks. In one case steroid therapy was complicated by
steroid-induced hyperglycemia.

Five (26.3%) children had symptoms of shock and
had to be treated with dopamine and/or milrinone. Pas-
sive oxygen therapy was used in 5 children (26.3%), 3 of
which required treatment in the ICU and assisted venti-
lation - high flow nasal cannula.

All children received antithrombotic treatment.
Enoxaparin (at a dose of 1 mg/kg) and acetylsalicyl-
ic acid (at a dose of 3-5 mg/kg or 30-50 mg/kg in the
case of coronary arterial involvement) were used. Table
6 presents the characteristics of the applied treatment.

Table 6. Applied treatment (n=19)
Number of patients (%)

IVIG 19 (100)
Pulses of methylprednisolone 11 (57.9)
Dopamine and/or milrinone 5(26.3)
Cephalosporins lI/1ll generation 19 (100)
Another antibiotic 6(31.6)
Betablokers 4(21.1)
Enoxaparin 8 (42.1)
Aspirin 14 (73.7)
Furosemide 9(47.4)
Albumin 2(10.5)
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The mean hospitalization length was 12 days (range
8-18). All children were discharged in good general con-
dition (no symptoms, with normal echocardiography
results). Only 2 patients had sinus bradycardia, the rest
recovered without sequelae. No deaths were recorded.

Discussion

In the last weeks of 2020 pediatricians in our region were
overwhelmed by a large number of seriously ill children
with PIMS-TS. Within several weeks, children suspected
of this disease were admitted to the hospital almost eve-
ry day, some of whom required oxygen treatment and/or
intensive care. As in other regions of the world, the rise
in the number of PIMS-TS cases was preceded by a wave
of SARS-COV?2 infections. In our region, the increased
wave of SARS-COV?2 infections was delayed but it arrived
with high intensity in the fall of 2020.

As it is emphasized in the previous reports the clin-
ical picture of PIMS-TS overlaps with the symptoms
present in KD. In both diseases, it can be observed
multiform rash, mucosal symptoms, conjunctivitis,
cervical lymphadenopathy, and hand/foot swelling.
However less than 50% of children with final diagno-
sis of PIMS-TS meet clinical criteria for the diagnosis
of KD.?2 In PIMS-TS the most common complication
in the cardiovascular system is left ventricular systol-
ic dysfunction, in KD it is dilatation/aneurysm of the
coronary arteries.>263

Symptoms of shock are more common in subjects
with PIMS-TS, while similar life threatening symptoms
are reported in less than 10% of children with KD (Ka-
wasaki shock syndrome).?*” Gastrointestinal and neu-
rological symptoms are undoubtedly more common in
PIMS-TS.? Due to the frequent occurrence of gastro-
intestinal symptoms, especially severe abdominal pain,
PIMS-TS may resemble acute appendicitis or enteritis.?’
Frequent neurological symptoms may raise the suspi-
cion of neuro infection.*® Due to a diverse clinical pic-
ture, the differential diagnosis of PIMS-TS is extensive
and the correct diagnosis is often difficult.

In children diagnosed with PIMS-TS, increased
concentrations of CRP, PCT, ferritin, D-dimers, fibrin-
ogen, troponin, Nt-proBNP are observed. Hypoalbu-
minemia, anaemia, thrombocytopenia, neutrophilia
and lymphopenia are commonly detected. The same
laboratory abnormalities occur in KD, however, lower
levels of inflammatory parameters and myocardial in-
jury markers as well as higher leukocytes and platelets
counts are found.*"** Both, in KD and in PIMS-TS, high
serum PCT concentrations are detected. This parameter
is considered to be a marker of systemic bacterial infec-
tion, while no bacterial infection can be found in both
of these diseases. Probably the high PCT is the result of
uncontrolled and excessive release of pro-inflammatory
cytokines - a cytokine storm.***

Because the clinical picture of PIMS-TS has some
similarities to KD, similar treatment methods are used.*
All children in presented group received immunoglob-
ulin infusions, majority were treated with intravenous
corticosteroids. Intravenous antibiotic therapy was ad-
ministered in all cases, until the results of negative mi-
crobiological tests (blood, urine, rectal smear culture)
were obtained, which, according to the previously men-
tioned WHO and CDC criteria, allowed the diagnosis
to be confirmed.

Conclusion

In summary, the reported group of children with PIMS-
TS presented similar features as previously described.
Due to the multitude of possible clinical symptoms,
PIMS-TS can mimic KD, appendicitis, meningitis and
other disease entities characterized by a systemic in-
flammatory response. It may also coexist with other dis-
eases. Because of the overlapping clinical manifestations
between PIMS-TS and KD, patients with PIMS-TS are
treated with the therapeutic protocols used in KD. Fur-
ther research is needed to establish the optimal thera-
peutic approach to a child with PIMS-TS.
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ABSTRACT

Introduction and aim. Cardiovascular diseases remains the leading cause of death in most of devoloped societies, including
Poland. The study aimed to assess the changes in the number, duration, and costs of hospitalizations due to myocardial infarc-
tion in Silesian voivodeship (Poland) in 2009-2014.

Material and methods. Data were obtained from the Silesian Voivodeship Branch of the National Health Fund. The number,
costs, and duration of healthcare services granted during an inpatient hospital stay to patients with acute initial or subsequent
myocardial infarction in 2009-2014 were processed and analyzed quarterly for the whole Silesian voivodeship and its subre-
gions.

Results. From 54826 patients aged 66+12, the majority were males (62.3%) and 63.4% of 80866 hospitalizations were grant-
ed to them. We observed a decreasing trend for the total number of healthcare services granted in 2009-2014 that varied de-
pending on the subregion. Simultaneously, we found that in most subregions the costs of services and the number of invasive
services increased over time. We observed that treating patients above 80 years with acute initial or subsequent myocardial
infarction generated lower costs of hospitalization but was extended in time.

Conclusion. Increased number and costs and accompanying reduced duration of hospitalizations granted in 2009-2014, es-
pecially in the range of invasive cardiology and cardiac surgery, results from implementing international guidelines and rec-
ommendations for acute myocardial infarction procedures. Lower cost and extended time of hospitalization for patients older
than 80 years most likely result from using conservative (non-invasive) methods of treatment.
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Introduction

Cardiovascular disease (CVD) remains in the field of in-
terest of western medicine since the second half of the
18" century when British physician William Heberden
described unstable angina in 1768.! CVD also remains
the leading health problem of the European societies de-
spite the public health and health promotion programs
focused on reducing the cardiovascular risk factors and
despite the progress made in medicine.

The CVD costs incurred by the economies of the
European Union members constantly increase. In 2015,
the costs of inpatient treatment incurred by the Europe-
an healthcare systems constituted 51% of the EUR 111
billion dedicated to CVD treatment. The largest propor-
tion of the CVD expenditures was noted in Austria (66%)
and Sweden (60%) while the lowest proportion (31%)
was noted in Croatia and Slovenia.” In the OECD’s Eu-
ropean region member states, the average time of hospi-
talization due to myocardial infarction was 6.7 days and
it varied strongly depending on the country. The longest
hospitalization time, over 10 days, was noted in Germa-
ny, while the shortest hospitalization times were noted
in Scandinavia: 4.7 days in Sweden, 4.0 days in Norway,
and 3.9 days in Denmark.’ Similarly, the ratio of inpatient
treatment per 100,000 citizens for patients suffering from
acute coronary syndromes (ACSs) highly varied between
the countries. According to the European Statistical Of-
fice (Eurostat) data, in 2014 in Poland, bear 180 hospi-
talizations per 100,000 citizens were caused by the ACSs.
At the same time, in other Central European countries,
this coefficient was higher: 206 for the Czech Republic,
207 for Hungary, 220 for Slovakia, 276 for Lithuania, 288
for Sweden, and 290 for Germany. What is interesting,
in the same year 17.7% of the Polish population com-
plained of cardiovascular ailments, while for other coun-
tries this percentage was lower: 12.8% in Germany, 7.8%
in Sweden, and 5.0% in the Czech Republic.* However,
it is alarming that the number of hospitalizations caused
by ACSs has been constantly increasing since 2006 in all
countries of the region, besides Sweden.*

Silesian voivodeship is the most urbanized and the
most densely populated (urbanization level: 76.7%; pop-
ulation density: 367.6 people per km?) area of Poland.
According to the Central Statistical Office data, the
mortality due to ischemic heart disease in the Silesian
voivodeship population noted in 2014 was one of the
highest in Poland (79.6 per 100,000) and it was higher
than Europe’s average.* These facts make analyses of the
healthcare services granted to the patients in the Silesian
voivodeship necessary.

Aim

The study aimed to analyze the number of healthcare
services granted during an inpatient hospital stay to the
patients with acute initial or subsequent myocardial in-

farction (diagnosis code 121-122 according to the ICD-
10 classification) in Silesian voivodeship in 2009-2014.
It also aimed to assess the temporal and spatial variabil-
ity of the hospitalization costs and hospitalization time
over the same period.

Material and methods

Ethical approval and consent to participate

All experimental protocols were approved by Bioethical
Commission of the Medical University of Silesia (per-
mission N° KNW/0022/KB/68/17). All methods were
carried out in accordance with relevant guidelines and
regulations as well as respecting the confidentiality of
biomedical data.

The range of the analyzed data

Secondary epidemiological, depersonalized data was
obtained from the Silesian Voivodeship Branch of the
National Health Fund of Poland (NFZ) in Katowice.

We analyzed the healthcare services in the range of
pulmonology, internal medicine, nephrology, geriatrics,
cardiology/invasive cardiology, and cardiac surgery pro-
vided to patients with acute initial or subsequent myo-
cardial infarction during their inpatients” hospital stay in
the Silesian voivodeship in the 2009-2014 period. Patients
with acute initial or subsequent myocardial infarction were
identified based on the main cause of hospitalization re-
ported by the healthcare providers and settled by the NFZ.
We analyzed the data using the ecological study model.

The database contained 123,075 healthcare services
granted to 64,472 patients in the Silesian voivodeship in
the 2009-2014 period. The data were aggregated before
the analyzes due to the way they had been processed by
the NFZ during the billing process.

Because of a small number of services granted to
patients with AMI in the 2009-2014 period in the pul-
monology, geriatrics, and nephrology units, they were
analyzed together with the internal medicine hospitaliza-
tions and created a group of Internal Medicine. Similar-
ly, the services granted to patients in the range of cardiac
surgery and invasive cardiology were pooled together and
created a group of Invasive Cardiology ¢ Cardiac Surgery.

The following services included Ordinance of the
President of National Health Fund of Poland N°32/2008/
DSOZ of the day June 11, 2008, were included: E10 -
ACS-invasive diagnostics, E11 - ACS-two-step inva-
sive treatment > 3 days, E12 - ACS-complex invasive
treatment, E13 - Invasive treatment, E14 — ACS-inva-
sive treatment < 4 days, E23 - Coronary angioplasty
with single DES stent implantation, E24 — Angioplasty
with implantation of not less than 2 stents or multi-ves-
sel, E25 - Single-stent angioplasty and other procedures,
E26 - Balloon coronary angioplasty.

The services with hospitalization exceeding 30 days,
the services granted to patients below 25 years of age
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or living outside the Silesian voivodeship’s area were ex-
cluded from the data pool.

Finally, after initial data processing, 82,276 health-
care services granted to 55,143 patients were enrolled
for analyses. Detailed information about the range of
the enrolled services is presented in Table 1.

Table 1. The groups and the number of healthcare
services in each range of services granted to patients with
diagnosed acute or subsequent myocardial infarction in
whole Silesian voivodeship and its subregions in 2009-
2014 that were enrolled in the study

Group of
healthcare Range of healthcare N (%)
. services
services
Pulmonology - hospitalization
Internal medicine - hospitaliza-
Internal Med- tion 15,201
icine L o (18.57%)
Geriatrics — hospitalization
Nephrology — hospitalization
Cardiac surgery - hospitalization
Cardiology® - hospitalization,
j E11,E12,E13,E14
Invas'/ve ' o 50,350
Cardiology & Cardiology®:- hospitalization,
: (61.5%)
Cardiac Sur-  E10,E11,E12,E13,E14
gery Cardiology: - hospitalization,
E23, E24,E25,E26
. . T 16,315
Cardiology  Cardiology — hospitalization (19.93%)
81,866
TOTAL: (100%)

2|n the National Health Fund of Poland (NFZ) billings in the
2009-2012 period a homogeneous patients group included
the services listed in the catalog as: E11, E12, E13, E14.

® In the National Health Fund of Poland (NFZ) billings in the
2013-2014 period a homogeneous patients group included
the services listed in the catalog as: E11, E12, E13, E14, and
additionally the invasive diagnostic services (E10).

Legend: Table contains the healthcare codes according to
the Ordinance of the President of National Health Fund of
Poland N°32/2008/DSOZ of the day June 11, 2008.

E10 — ACS-invasive diagnostics, E11 — ACS-two-step
invasive treatment > 3 days, E12 - ACS-complex invasive
treatment, E13 - Invasive treatment, E14 — ACS-invasive
treatment < 4 days, E23 — Coronary angioplasty with

single DES stent implantation, E24 - Angioplasty with
implantation of not less than 2 stents or multi-vessel, E25

- Single-stent angioplasty and other procedures, E26 -
Balloon coronary angioplasty

Legend abbreviations: ACS - Acute Coronary Syndrome,
DES - Drug Eluting Stent

Cost assessment

The cost of hospitalizations’ was based on the valuation
of healthcare services by NFZ provided to patients qual-
ified for homogeneous therapeutic groups, according to

the Ordinance of the President of National Health Fund
of Poland N°32/2008/DSOZ of the day June 11, 2008.
The healthcare services were priced in Polish zloty (PLN)
which is the official currency and legal tender of Poland.
To enable comparison of the costs of therapy to other
countries we present the costs of granted healthcare ser-
vices in euro (€), according to the average PLN/euro ex-
change rate in 2009-2014, based on the archival data of
the National Bank of Poland (1 € = 4.168 PLN).

Statistical analysis

The statistical analyzes were performed with the R Cran
x64 v. 3.3.1 software (Lucent Technologies FR, Vienna,
Austria, www.R-project.org).

The number, costs, and duration of the healthcare ser-
vices in the Silesian voivodeship in the 2009-2014 pe-
riod were analyzed quarterly and assigned to Silesian’s
subregions (Nomenclature of Territorial Units for Statis-
tics-3) according to the patients’ domicile. The linear re-
gression models for obtained results were performed,
talking appropriate requirements. The standardized re-
gression coefficient () with the 95% confidence interval
(95% CI) and the coefficient of determination (r?) were
presented. To assess the relationship between the age
group of patients’ and the obtained therapeutic strategy
the * test was used. Statistical significance was set at a
p-value below 0.05.

Results

Study group demography

The demographic structure of the patients is present-
ed in Figure 1. More than half of the healthcare ser-
vices were granted to men (63.4%), who constituted
62.3% of patients in the database. Accordingly, 29,945
out of 81,866 healthcare services (36.6%) were granted
to women. They constituted 37.7% of patients (20,658
out of 54,826) enrolled in the study. The average age of
patients receiving healthcare services was 66+12 years.
Women were about 6.5 years older than men (70+12
years vs. 64+12 years, respectively).

55 65 75 B85 95 105

Patients’ age [years of life]

25 35 45

5000 0 5,000 10000
Female Male
Fig. 1. Demographic structure of patients with diagnosed
acute initial or subsequent myocardial infarction that
received healthcare services in Silesian voivodeship in
2009-2014
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Number, cost, and duration of healthcare services

Our analyses showed that the cost of granted health-
care services constantly increased over the analysed
2009-2014 period. The sudden reduction of the aver-
age cost of healthcare services observed in the third
quarter of 2013, accompanied by a reduction in their
number, most likely indicates a change in the billing
process by the NFZ. We also found that the average
duration of services tended to decrease over the an-
alysed 2009-2014 period. The number, the average
cost, and the average duration of all analyzed health-
care services granted to patients with diagnosed acute
initial or subsequent myocardial infarction (diagnosis
121, 122 according to the ICD-10) in the whole Silesian
voivodeship in each quarter of 2009-2014 period are
presented in Figure 2.

We noted a decreasing trend of the number of grant-
ed healthcare services granted over the 2009-2014 period
in all analysed ranges in the whole Silesian voivodeship,
but it slightly varied between subregions. Simultaneously,
we found that the costs of healthcare services increased
over time. The observed trends differed between the anal-
ysed groups of services. In the group of Internal Medicine,
we noted decreasing trends in the number, average cost,

and duration of services for all analysed subregions. On
the contrary, in the group of Invasive Cardiology ¢ Cardi-
ac Surgery, we found increasing trends for these variables
for the whole Silesia voivodeship and analysed subre-
gions, except for the Sosnowiec subregion. The values of
the standardized regression coefficient b (with 95% CI)
for each range of healthcare services granted to patients
with acute initial or subsequent myocardial infarction in
Silesian voivodeship and its subregions over 2009-2014
are presented in Table 2 and 3.

Cost and duration of healthcare services concerning the
patient’s age

The data analysis showed that the average cost of
healthcare services granted in the 2009-2014 period in
the Silesian voivodeship for patients under 36 years of
age increased by 80.6 € with each next one year of life
(YOL). In the group of patients aged 37-79, the aver-
age cost of granted healthcare services remained con-
stant (2,085.7£68.0 €). In the group of patients over 80
years of age, the cost of services decreased by 50.2 € per
one YOL. The relationship between the average costs of
healthcare services concerning patients” age is present-
ed in Figure 3.
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Fig. 2. Characteristics of healthcare services granted quarterly to patients with diagnosed acute initial or subsequent
myocardial infarction in Silesian voivodeship in 2009-2014: A) the number of hospitalizations; B) the average cost of

hospitalizations; C) the average duration of hospitalizations
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Table 2. Linear regression models 8 coefficients and 95% confidence interval (95% CI) for the number, the average cost,
and the average duration of healthcare services granted in each range to patients with diagnosed acute or subsequent
myocardial infarction in whole Silesian voivodeship and its subregions in 2009-2014

Total healthcare services

Hospitalizations in the group of Internal Medicine

Region Number Average cost Average dura- Number Average cost Averao::]e dura-
tion tion
-7.21 15.52%** -0.03%** -21.371%** -2.57%** -0.09%**
Silesian voivo- (-15.85+1.43) (10.82+20.22) (-0.03+-0.02) (-23.56 +-19.06) (-3.04 +-1.98) (-0.11 +-0.07)
deship 0.11 0.66 0.88 0.94 0.80 0.86
Bielsko subre- 1.94* 10.89%** -0.09%** -3.37%** -2.12 -0.15%**
gion (0.18 + 3.70) (7.07 +14.71) (-0.11 +-0.07) (-4.02 +-2.60) (-4.84 + 0.60) (-0.21 +-0.09)
0.18 0.59 0.84 0.79 0.10 0.54
) 1.52 13.37%%* 0.00 -1.36%** -1.73* -0.06**
Bytomsubre- (34,338 (855+18.19) (-0.002+0002) (-1.87+-085)  (3.04+-042)  (-0.10+0.02)
gion 0.10 0.57 0.00 0.56 0.23 0.33
Czestochowa -2.33 19.88%*** 0.01 -3.25%%* 0.00 -0.03
subregion (-4.82+0.16) (13.82 +25.94) (-0.01 +0.02) (-3.88 +-2.62) (-1.51+1.517) (-0.07 +0.01)
0.13 0.65 0.03 0.83 0.00 0.13
Gliwice subre- 1.02 12.14%** -0.03%** -1.53%% -3.68*** -0.07**
gion (-0.20+2.24) (7.50+16.79) (-0.05 +0.01) (-2.02+-1.04) (-5.50 +-1.86) (-0.11 +-0.03)
0.11 0.54 0.40 0.62 0.41 0.38
Katowice sub- -1.33 10.57%* -0.07*** -2.48%** -4 47%¥%* -0.09%***
region (-4.00 + 1.34) (4.38+16.76) (-0.08 +-0.06) (-3.50 +-1.46) (-5.76 +-3.06) (-0.13 +-0.05)
0.04 0.34 0.86 0.51 0.65 0.52
Rybnik subre- 1.23 23.70%** -0.02%* -5.43%%* -1.37* -0.04**
gion (-1.38+3.84) (1491 +3248) (-0.03 + 0.00) (-6.39 +-4.47) (-2.33 +-0.41) (-0.06 +-0.02)
0.04 0.56 0.25 0.85 0.26 0.28
Sosnowiec -6.53%** 17.45%** 0.02** -1.94%** -1.57 -0.09%**
subregion (-8.74 +-4.32) (11,94 +22.96) (0.01 +0.03) (-2.57 +-1.31) (-3.24 +0.10) (-0.13 +-0.05)
0.60 0.64 0.33 0.62 0.14 0.45
i -2.73%** 20.51%** -0.05%** -1.94%** -5.36%** -0.18***
Tychysubre- (415 134) (1345+27.57) (007+-003)  (257+-131)  (804+-267)  (-024+0.12)
glon 0.40 0.60 0.56 0.62 0.41 0.60
#%<0001 *p<001 *p<0.05
Moreover, our data analysis showed that the av- Discussion
erage duration of healthcare services increased with Demographic structure

patients’ age by the power function (r* = 0.83). The
average duration of hospitalizations in relation to pa-
tients’ age is presented in Figure 4. We observed a lon-
ger duration of the healthcare services (> 6 days) in
a group of patients over 80 years of age and simultane-
ous reduction of costs of healthcare services that sug-
gest using conservative (non-invasive) treatments or
comorbidities in that group of patients compared to
patients aged below 80.

The x* test results confirm this supposition. We
found that 63.4% of 70,949 healthcare services granted
to patients below 80 years of life were invasive mean-
while in the group aged over 80 it was only 49.9% of
11,424 services, p<0.001. Patients aged below 80 years
of life had more than a 1.74 greater chance to get inva-
sive treatment compared to the elderly group (95% CI:
1.67 - 1.81).

The available literature data emphasize that the risk of
morbidity and mortality due to cardiovascular diseas-
es increase with patients’ age. The studies based on the
Ryzyko program (eng. Risk program) algorithm show
that the risk of cardiovascular diseases is over 20% high-
er in the group of patients aged over 70 years old, com-
pared to a group of patients ten years younger.® There is
also the relationship between the extension of the aver-
age length of life and an increase in society’s healthcare
needs and incurred medical costs.”*? According to the
demographic prognosis for developed societies, by 2050
more than 50% of the population will be 65 years old
and above.!*!!

In our study, women constituted 30.73% of patients
enrolled in the study, and 36.64% of healthcare services
were granted to them. They were also on average 6.5
years older than the men enrolled in this study (70+12
years vs. 6412 years). This can be explained by the car-
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Table 3. Linear regression models 8 coefficients and 95% confidence interval (95% CI) for the number, the average cost,
and the average duration of healthcare services granted in each range to patients with diagnosed acute or subsequent
myocardial infarction in whole Silesian voivodeship and its subregions in 2009-2014

Region

Hospitalizations in the group of Cardiology

Hospitalizations in the group of Invasive Cardi-
ology & Cardiac Surgery

Average dura-

Average dura-

Number Average cost : Number Average cost :
tion tion
2.20% 4.77%%% -0.08%** 11.90% 2.88 0.01%
Silesian voivodeship (026 +4.14)  (402+540)  (-0.10+-0.06) (3.57+20.23) (-1.00+6.76)  (0.00 = 0.02)
0.18 0.89 0.81 0.26 0.09 0.21
4.19%x* 6.23%** -0.09%** 1.07 13.64%%* -0.02%%*
Bielsko subregion  (335+503)  (501+7.45  (-0.11+-007) (0.01+2.13) (1092+1636) (-0.03+-0.01)
0.81 0.82 0.65 0.15 0.81 0.59
0.41* 4.69%* -0.02 2.49%* -1.50 0.02
) 006+076) (1.50+7.88)  (-0.06+0.02) (1.20+378) (-6.44+3.44)  (-0.00+0.04)
Bytom subregion
0.19 0.27 0.07 0.39 0.02 0.11
-0.38 1.83% -0.15%** 1.31 1.40 0.05%**
Czestochowasub- 51015  (022+344)  (023+-007) (0.51+3.13) (-503+7.83)  (0.03+0.07)
region 0.08 0.18 0.45 0.08 0.01 0,70
0.66** -1.18 -0.06%* 1.88%%% 2.62 -0.01
Gliwice subregion  (021+1.11)  (-2.83+047)  (0.10+-0.02) (1.10+2.66) (-210+7.34)  (-0.03+0.01)
0.27 0.08 0.36 0,50 0.05 0.05
-1.05 1.09 -0.17%%* 2.20% -1.78 -0.04%%*
Katowice subregion (-2.07 +-0.03) (-0.69+2.87) (-021+-0.13)  (0.44+3.96) (621+265  (-0.06+-0.02)
0.16 0.06 0.74 0.21 0.03 0.65
2.21%%x 8.05%** -0.03 4.45%% -2.95 -0.04%%*
Rybnik subregion  (1.60+2.82) (472+11.38)  (0.07+001) (1.92+698) (7.52+162)  (-0.06+-0.02)
0.69 0.51 0.14 0.35 0.07 0.50
: -2.94%%x 6.77%%* -0.06%** -1.66 9.68*** 0.08***
5°5"°";;2;5“bre' (-3.90 +-1.98) (499+855)  (-0.08+-0.04) (-3.56+024) (549+13.87)  (0.06=0.10)
0.62 0.72 0.67 0.12 0.48 0.81
-0.91%* 6.79%** -0.06%* 0.16 2.30 -0.01
Tychy subregion (-1.44 +-038) (4.83 +8.75) (-0.10 +-0.02) (-0.99 +1.32) (-2.76 +7.36) (-0.03 +0.01)
0.33 0.68 0.38 0.03 0.03 0.05
S p<0.001  **p<0.01 *p<0.05
2600 " T
2400 10l r2=0.83! *

2200

2000

1800

1600

1400

1200

1000

Average cost of hospitalization [€]

©
S
<}

600

400
20 30 40

50 60 70

80 90

©

Average duration of hospitalization [days]

110 20 30 40 50 60 70 80 90
Patients’ age [years of life]

100 110

Patient's age [years of life]

For patients aged < 36 YOL: y =80.62-x - 638.38
For patients aged 37 — 79 YOL: 2085.65 * 67.96

Fig. 4. Time of hospitalization of patients with diagnosed
For patients aged = 80 YOL: y =-50.23-x + 5924.23

acute or subsequent myocardial infarction in Silesian
Fig. 3. Cost of healthcare services granted to patients voivodeship in 2009-2014 in relation to their age
with diagnosed acute initial or subsequent myocardial
infarction in Silesian voivodeship in 2009-2014 in relation

to their age
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dioprotective effect of estrogens and increased burden
cardiovascular risk factors in the group of men."? The
data analysis showed no significant differences in the
demographic structure of patients between individu-
al subregions of the Silesian voivodeship. These results
correspond with available literature data. According to
the National Institute of Hygiene (PZH) report, the av-
erage age of patients, with myocardial infarction be-
ing the main cause of hospitalization or direct cause of
death in 2009-2012, was 63 years for males and 74 years
for female patients.”® According to Loundon et al., the
average age of patients with diagnosed myocardial in-
farction in the United Kingdom in the 2000-2013 pe-
riod was 67+14 years and males constituted 64.2% of
patients.! Some studies confirm our observation that
females diagnosed with myocardial infarction are about
7 years older comparing to males.'>'

Levels of education and income are considered the
factors influencing the risk of cardiovascular disease
(CVD) development. According to the 2011 Gener-
al Census, 18.5% of the Silesian voivodeship popula-
tion over 25 years of age had tertiary education, 32.3%
had secondary education and 43.6% had primary or vo-
cational education. The education level of the Silesian
voivodeship citizens did not differ significantly from the
education level of populations of other regions of Po-
land and the national average (20.0%, 31.4%, and 43.1%,
respectively). According to the Polish Central Statisti-
cal Office, the average monthly gross salary of the Sile-
sian voivodeship inhabitants in the 2009-2014 period,
slightly exceeded the national average.® Since both fac-
tors were at the comparable level as the national average
we may conclude that the Silesian voivodeship popula-
tion wasn’t more prone to CVD development when tak-
ing into account these two factors.

The number of granted healthcare services

The demand for healthcare services depends on many
factors like the aging of the population, increase of
wealth, and an increase in the number of concluded
commercial health insurance contracts. The last one
mentioned is seen as the marker of increased health
awareness, which is associated with more frequent use
of healthcare resources.” The availability of services,
comprehensiveness, continuity, effectiveness and high
quality of services provided are measures of the effec-
tive healthcare system."® Moreover, control of the num-
ber of hospitalizations may be treated as the quality and
effectiveness of primary care measures."”

In our study, we found that the number of ser-
vices granted slightly decreased in all analysed groups
of healthcare services in the Silesian voivodeship over
the analysed period of 2009-2014. We also found that
the number of healthcare services granted slightly var-
ied between Silesian voivodeship’s subregions. Un-

fortunately, the direct comparison with the literature
data may be difficult for this indicator. Most studies
analyse cases in which acute myocardial infarction
was the leading diagnosis and was a direct cause of
hospitalization meanwhile in our study we analysed
healthcare services granted to patients with myocar-
dial infarction apart from the primary diagnosis. An
analysis based on assigning patients to homogeneous
therapeutic groups, patients with many comorbidities
may be omitted."® For example, in the United States,
the number of healthcare services granted to patients
with myocardial infarction increased from 28% to 40%
in the 2002-2011 period. Simultaneously, the number
of hospitalizations per 100,000 citizens due to acute
myocardial infarction being the leading diagnosis, de-
creased from 1,067 to 677.18

In our study, we found that in the Internal Medicine
group the number of hospitalizations significantly de-
creased in the Silesian voivodeship and all analysed sub-
regions. Simultaneously, the number of services granted
in the Invasive Cardiology & Cardiac Surgery group tend-
ed to increase in the Silesian voivodeship and all of the
subregions, except for the Sosnowiec subregion. This
may have been related to the fact, that the patients with
AMI over time more often received healthcare services in
specialized units of invasive cardiology centres. The net-
work of invasive cardiology centres in Poland has been
developing since 1981 and in 2016 the number of these
centres corresponded to the recommendations of inter-
national scientific societies.”” The increase of accessibility
of the new therapeutic strategies in Poland, including car-
diac surgery and invasive cardiology services contributed
to the greatest reduction in the number of deaths due to
cardiovascular diseases among Central European coun-
tries. It was estimated that the increase in the availability
of new therapies caused a 37% reduction in deaths due to
cardiovascular diseases.”” This estimation was especially
optimistic as according to Hakkinen et al. acute myocar-
dial infarction was the reason for 2.3+7.3% of hospital-
izations in Poland in 2009 and this percentage was higher
than in other analysed Western Europe countries.”

Observed since the mid 2010 increase in the num-
ber of services granted in the Invasive Cardiology & Car-
diac Surgery group in the Rybnik subregion most likely
results from opening the Department of Cardiology,
Electrocardiology, and Angiology in Racibérz Medi-
cal Centre on September 8, 2010. Similarly, the increas-
ing number of the same services observed in the Bielsko
subregion may result from launching the Department of
Cardiac Surgery in the American Heart of Poland hos-
pital in Bielsko-Biata in 2012. The trend of the increas-
ing number of invasive services noted in Gliwice and
Katowice subregions may result from the considerable
availability of invasive cardiology units, including high-
ly specialized academic centres.
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The analysis showed the decreasing trend in the
number of healthcare services granted in each analysed
group of services for the Sosnowiec subregion what in
comparison with the increased burden of deaths due to
acute or subsequent myocardial infarction noted in our
previous study is wondering.”! The observed phenom-
enon may result from insufficient availability of highly
specialized services in the field of cardiology, invasive
cardiology, and cardiac surgery for the Sosnowiec sub-
region inhabitants. The above-mentioned increased
burden of deaths due to AMI also noted for this subre-
gion might support this hypothesis.” As of 2014, none
of the medical entities operating in the Sosnowiec sub-
region have established a cardiac surgery department,
and additionally, both Bedzin and Zawiercie counties
(that belong to this subregion) lack a cardiology de-
partment. Some authors interpret that a decrease in the
number of hospitalizations due to acute myocardial in-
farction in conjunction with an increase in the costs of
the granted healthcare services may be the marker of
treatment improvement. But these conclusions may be
unauthorized, and they usually overestimate the popu-
lation health status.'®

Cost and the duration of the hospitalizations

Acute myocardial infarction remains the leading cause
of hospitalization in the majority of the developed coun-
tries.”> The annual medical costs incurred by EU mem-
ber states due to cardiovascular diseases amounted to
EUR 106 billion in 2009. The largest part of this sum
was inpatient treatment costs, which constituted be-
tween 34% to 76% of the expenditures.”

In our study, we noted the increase of the average
cost of healthcare services granted in Cardiology, Inva-
sive Cardiology & Cardiac Surgery groups in the whole
Silesian voivodeship as well as in each of the analysed
subregions. Our results correspond with available litera-
ture sources that also notice the general trend of increas-
ing healthcare costs and explain it with the use of new
therapeutic strategies recommended by the internation-
al scientific societies.” On the other hand, the problem
of reporting the homogeneous group, which was the
highest-rated by the National Health Fund, even if it was
not related to the leading medical problem during hos-
pitalization, is well known in Poland.

Some data show that the average cost of healthcare
services granted to patients with myocardial infarction
in the EU member states in the 2007-2012 period was
USD 5,966 and it significantly varied between mem-
ber states (USD 547-10,435). Moreover, the average cost
of services granted in Eastern European countries was
USD 992 and it was significantly lower than for “old EU
member states”*

Zhao and Winget noted that the costs of healthcare
services granted to patients with diagnosed myocardi-

al infarction increase with patients’ age.” Also, there is
a relationship between an optimal CVD risk profile and
reduction of healthcare expenditures, and the inverse
relationship between risk profile and the healthcare ex-
penditures among the elderly.” Silesian voivodeship is
one of the most urbanized and densely populated Polish
regions (urbanization level: 76.7%, population density:
367.6 people per km?) which creates adverse environ-
mental conditions that increase the risk of CVD.* Our
results show that the average cost of healthcare services
granted to patients aged 33-80 years of age is constant
meanwhile among patients over 80 years of age it de-
creases. Our findings do not contradict the information
cited above, but they indicate different treatment strat-
egies in elderly patients. The advanced age of patients is
also a factor influencing the average duration of hospi-
talization but the gender impact on the duration of hos-
pitalization is not clearly defined. However, for sure, the
comorbidities and an emergency admission may be the
reason for the extension of an inpatient stay.'>* The du-
ration of hospitalization frequently serves as the sim-
plest indicator of the healthcare system’s effectiveness.?
The average duration of granted services increased in
the 2008-2012 period in most European countries, be-
sides Sweden and Finland.”

We noted a slight decrease in the average duration
of healthcare services granted in the 2009-2014 period.
This might be related to the reduction of the number of
inpatient treatments within the Internal Medicine and
Cardiology groups with slight variation between each of
the subregions.

The average time of healthcare services granted in
the Invasive Cardiology & Cardiac Surgery group re-
mained constant for the whole Silesian voivodship and
most of the analysed subregions. The decreasing trends
of average hospitalization time, observed in the Kato-
wice and Rybnik subregions, may result from the ef-
fectiveness of healthcare services granted in highly
specialized academic centres and new-formed com-
mercial centre in Racibérz. Interestingly, the signifi-
cant increase in the average hospitalization time and
the accompanying decrease in the number of grant-
ed healthcare services were noted for the Sosnowiec
subregion, including for the Cardiology and the Inva-
sive Cardiology ¢ Cardiac Surgery groups. That finding
is alarming, especially in conjunction with a confirmed
considerable burden of deaths due to acute initial or
subsequent myocardial infarction among Sosnowiec
subregion’s citizens.*’ The Sosnowiec subregion is one
of the most heterogeneous of Silesian voivodeship’s sub-
regions both in terms of environmental conditions and
resources of the health care system. In our opinion, the
connection between the observed death burden and the
structure of the healthcare services granted to patients
in the Sosnowiec subregion requires further analyses.


https://creativecommons.org/licenses/by/4.0/

26

European Journal of Clinical and Experimental Medicine 2022; 20 (1): 18-27

The average duration of hospitalization due to AMI
noted in our study is insensibly lower, compared to the
national average, as well as to most of the Central Europe-
an countries (data for 2011).* It must be mentioned that
the average duration of inpatients’ stay in countries of the
region varies from 4.8 days in Sweden to 8 days in Ger-
many. The reduction in the average duration of inpatient
stay in Poland occurs jointly with the increasing percent-
age of patients with diagnosed myocardial infarction. But
at the same time, longer than the national average inpa-
tient stays are frequent in many Polish hospitals.'>* This
agrees with the observation that the duration of hospi-
talization is significantly longer when conservative treat-
ment (non-invasive) is used.” 2> We observed a decrease
in the average cost of services and an increase in the av-
erage duration of hospitalization for patients with diag-
nosed acute initial or subsequent myocardial infarction
older than 80 years of age. These results may indicate
that they were treated using conservative (non-invasive)
methods of treatment. Some studies show that a longer
time of hospitalization is observed in highly specialized
academic centres when compared to hospitals with a low-
er level of reference but transferring patients from lower
to high reference level centres may explain this phenome-
non.">* Also, a longer time of healthcare services granted
is observed in cases ended with the patient’s death.” Since
the obtained data didn’t include information such as the
reference level of the healthcare services provider or the
healthcare services’ final outcome, we were not able to de-
termine if that was true for the analysed data from Sile-
sian voivodeship for the 2009-2014 period.

Limitation

Although this study is based on the most reliable and
complete data obtained from the National Health Fund
of Poland it has some limitations.

First of all, our database includes secondary epide-
miological data obtained after the billing medical ser-
vices process completion, thus the authors did not have
access to the original medical documentation of patients
enrolled in the study.

The pattern of healthcare services and incurred
costs may differ between STEMI and NSTEMI patients.
Unfortunately, we do not know what type of MI was di-
agnosed in each case (MI with or without ST elevation),
which makes data analysis difficult. Moreover, we do not
know if the patients were admitted to the invasive cardi-
ology unit within the “time window” entitled to perform
the angioplasty which affects the selected therapeutic
strategy and the treatment costs incurred.

Conclusions

In the 2009-2014 period, we observed the increase in
numbers and costs of healthcare services granted to
patients and the reduction of hospitalization time of

patients with acute initial or subsequent myocardial in-
farction from the Silesian voivodeship in the range of
invasive cardiology and cardiac surgery. We believe that
this results from implanting the guidelines and recom-
mendations of international scientific societies for acute
myocardial infarction proceedings. We observed the de-
crease in the average cost of services and the increase
in the average hospitalization time in the group of pa-
tients older than 80 years of age. We believe that they
were treated using conservative (non-invasive) methods
which are cheaper but require a longer recovery time
when compared to a more modern approach.

The decreasing number of healthcare services granted
to patients with acute initial or subsequent myocardial
infarction from the Sosnowiec subregion requires fur-
ther analyses.
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ABSTRACT

Introduction and aim. Arterial stiffness (AS) has been associated with reduced cardiorespiratory fitness (CRF). The aim of this
study was to verify if there is a relationship between augmentations index (Alx), as an index for AS assessment, and CRF in in-
dividuals with type 2 Diabetes Mellitus (T2DM).

Material and methods. Observational cross-sectional study including 32 individuals diagnosed with T2DM who performed
two evaluations: 1. Arterial stiffness assessment using SphygmoCor and 2. CRF throughout a cardiopulmonary exercise test on
a treadmill ergometer. Oxycon Mobile® device was used to obtain oxygen uptake consumption at peak (\'/Ozpeak); oxygen up-
take efficiency slope (OUES) determined by linear regression in reason of the logarithmic transformation of the ventilation and
\'/O2 obtained every minute of exercise test. Statistical analysis comprised Pearson’s Correlation and linear regression analysis
performed in SigmaPlot.

Results. There was a significant correlation between AS and CRF: Alx and OUES; Alx@75 and; OUES. In linear regression, Alx was
determinant for\'/O2peak and OUES - Alx and; Alx@75 and \'/Ozpeak.
Conclusion. AS was associated with CRF in individuals with T2DM. These results contribute to the body of evidence linking ar-
terial functional properties to CRF and suggests greater attention for this important index.

Keywords. augmentation index, cardiorespiratory fitness, type 2 diabetes

Introduction

Arterial stiffness (AS) has been widely recognized as a
clinically relevant and independent prognostic cardio-
vascular biomarker.! Comorbidities such as hyperten-
sion, obesity and diabetes negatively impacts AS, as
they accelerate the inflammatory process, increasing the
vascular damage.? Hemodynamically, AS leads to an in-
creased pulse wave velocity (PWV) and an early- reflect-
ed pressure wave to the heart.’ As a consequence there
is an overloaded systolic peak pressure and a decreased
myocardial perfusion pressure.’

An alternative measure of the load inflicted on the
central arterial and ventricular walls® is the augmen-
tation index (Alx), an indirect measure that translates
how much the central pulse pressure is responsible for
the reflected pulse wave.” It is an index influenced by the
diameter and elasticity of small arteries and arterioles.’

Individuals diagnosed with type 2 diabetes melli-
tus (T2DM) have a high prevalence rate of cardiovascu-
lar disease. Evidence of accelerated increase in AS and
significant changes in central hemodynamics, cardiac
function and structure have been observed in T2DM.*
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Advanced glycation end products in the elastic artery
walls have been attributed as a causal factor of vascular
dysfunction and increased AS.*

Wilkerson et al. respectivelyhave also demonstrated
vascular function and skeletal muscle compromised in
T2DM with vasodilation and increased blood flow im-
paired and reduced capillary density and dysfunctional
capillary hemodynamics.’respectively Additionally, Bal-
di et al. have found T2DM associated with a reduced
cardiorespiratory fitness (CRF) and lower peak oxygen
uptake (Vozpeak).6 In this sense, vascular system is a com-
ponent of the body s ability to deliver oxygen to skeletal
muscles during physical exercise contributing to CRE

In addition to VOzPeak, oxygen uptake efficiency
slope (OUES) has been investigated as a function of the
cardiopulmonary reserve that indicates the efficiency
with which oxygen is extracted and taken to the body,
with the advantage of not being affected by the intensity
of the exercise.” Gajanand et al. showed that OUES can
offer a valid submaximal measure for CRF for individ-
uals diagnosed with T2DM integrating cardiovascular,
musculoskeletal and respiratory functions.?

More specifically, association between increased AS
and decreased CRF was previously verified in young, el-
derly and obese population.*® Integrated responses are
activated in physiologic systems to provide or improve
the ability to sustain the physical exercise.!” Cardiovas-
cular response by maximal cardiac output directly cor-
relates with CRF and VOzpeak and better CRF reflected in
a lower systolic load and lower AIx.* Higher CRF and its
beneficial anti-inflammatory also favorably affects vas-
cular structure and function.?

Aim

Therefore, there seems to be a bidirectional association
between AS and CRF which has not yet been explored
for the diabetic population. This study aimed to assess
the relationship between AS and CRF in individuals di-
agnosed with T2DM. The hypothesis of the study is a
presence of a negative association between AS and CRF
in individuals with T2DM.

Material and methods

Study design and participants

A cross-sectional, observational, descriptive study was
conducted from November 2018 to March 2019 in a
sample of 32 individuals diagnosed with T2DM based
on plasma glucose criteria according to American Di-
abetes Association, aged between 35 to 75 years old of
both genders and who were invited through print and
digital media and contact the researchers to voluntari-
ly to participate in the study.! The non-inclusion crite-
ria were individuals with a history of clinically proven
cardiopathy and/or through examinations, vascular sur-
gery of the carotid, femoral or aortic arteries, uncon-

trolled hypertension, cognitive disorders that interfere
with the understanding of the experimental procedure,
pregnant women and users of non-licit drugs. The ex-
clusion criteria were factors potentially detrimental to
the quality of the measurements or to make wave re-
cording unreliable with low signal pickup, individuals
who do not complete all assessments. This study was in
accordance with the principles expressed in the Helsin-
ki Declaration. The study was approved by the Human
Research Ethics Committee of University (process num-
ber 2.814.754) and all individuals read and signed the
free and informed consent form. The individuals were
instructed to avoid alcoholic drinks, coffee or any oth-
er stimulating drink the night before and the day of
data collection; do not perform activities that required
moderate to heavy physical effort the day before data
collection and do not speak unnecessarily during the as-
sessment to avoid interference during signal acquisition.

Study protocol

General evaluation

Personal data, clinical history and physical examina-
tion were assessed in all patients. Individuals were also
asked about medications, family and previous history
and physical activity level. The level of physical activi-
ty was considered according to the ACSM: practice less
than 30 minutes of moderate activity five days a week
or intense physical activity for 20 minutes on three days
a week were considered sedentary.'* Dyslipidemia and
hypertension were attested by previous clinical diagno-
sis and Brazilian guidelines.'>'* Body mass index (BMI)
>30 kg/m? was considered as obesity."”

Arterial stiffness assessment

Pulse waves were obtained transcutaneously by Sphyg-
moCor® device (AtCor Medical Pty Ltd, Australia) with
transducers in the topography of the right carotid and
right femoral arteries. Measurements were taken af-
ter a 10-minute of rest in the supine position. To de-
termine the carotid-femoral pulse wave velocity, two
pressure-sensitive transducers were placed on the skin,
more specifically on prominent parts of the right com-
mon carotid and right femoral artery. The software used
identifies R wave of the ECG and the base of the pulse
wave to calculate the time and the speed in m/s that the
wave takes to go through this stretch, which is, the dis-
tance traveled by the waves between the right carotid
artery and the right femoral. Two measurements were
performed with no difference greater than 5% between
them and the mean of the two measurements was con-
sidered the cfPWV.!

Pulse wave analysis was also performed by the same
device and were obtained systolic and diastolic central
blood pressure (SBP and DBP, respectively) and cen-
tral pulse pressure (PP) to obtain augmentation index
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(AIx). Alx is defined as the difference between the sec-
ond and the first peak of systolic pressure, denominated
augmentation pressure (AP), expressed as a percentage
of the pulse pressure (PP: the difference between sys-
tolic and diastolic pressure) (Alx% = [AP/PP] x 100).
This index measures the increase in the AP during sys-
tole due to the reflex of the pressure waves that travel
forward of the peripheral circulation. The AP can be
considered an indirect measure of arterial elasticity, be-
ing obtained by the difference between the second sys-
tolic peak (referring to the reflected wave) and the first
peak (wave resulting from ventricular systole). To avoid
interindividual variability secondary to heart rate, Alx
could be corrected for a heart rate of 75 beats per min-
ute (AIx@75).1°

Cardiopulmonary exercise test (CPET)

CPET was performed on a separate day and in the after-
noon, avoiding any influence of the circadian rhythm.
The test was performed in a treadmill ergometer (Su-
per ATL, Porto Alegre, Rio Grande do Sul, Brasil) with
incremental protocol in steps of Bruce and in the pres-
ence of a cardiologist.”using an open circuit technique,
during the last 2 to 4 minutes of a multistage treadmill
test of maximal exercise in 151 men and 144 women of
29 to 73 years of age. Vo, _was higher in men than in
women (P < 0.0001 Ventilatory and metabolic variables
were recorded using a portable system Oxycon Mobile®
(Mijnhardt/Jager, Wiirzburg, Alemanha). Individuals
were encouraged to perform the test until exhaustion
and the criteria for test interruption were as described
by Baladi.'® \'/OZpeak was identified as the highest value
observed during the final 30 seconds of the test.'"® Oxy-
gen uptake efficiency slope (OUES) was determined by
linear regression in reason of the logarithmic transfor-
mation of the ventilation (VE) and oxygen consumption
(VO,) obtained every minute of CPET using the follow-
ing equation (VO, = alog VE + b), providing an accurate
mathematical model for the analysis of respiratory gas
exchange during incremental exercise.” In this equation,
the constant ‘@’ represents the OUES coefficient and ‘D’
represents the intercept. Glucose levels were monitored
before and after CPET and to values lower than 100 mg/
dl, 15 g to 30 g of carbohydrate was offered before exer-
cise. When blood glucose was greater than 250 mg/dl,
the test was rescheduled.”

Statistical analysis

A posteriori power analysis was performed using
GPower® 3.1 (Kiel University, Germany). Considering
our sample size of 32 individuals and a 5% error, statisti-
cal power was calculated to be 80% with and effect size
of 0.46. The descriptive data were presented as mean
and standard deviation. The Shapiro-Wilk test verified
the data distribution. Pearson’s Correlation were used

to investigate relationship between AS measurements
(Alx, AIx@75, and PWV) and VOzpeak and between AS
measurements and OUES. Univariate and multiple re-
gression analysis (adjusted for age and BMI) were also
performed to identify vascular determinants for CRF
(VOZPeak and OUES). A logarithmic transformation for
the BMI was applied in order to fulfill the assumption
of normality. Intraclass Correlation Coeflicient was ap-
plied according Hopkins (2000) classification: 0 to 0.3
was considered a small correlation, 0.31 to 0.49 mod-
erate, 0.50 to 0.69 large, 0.70 to 0.89 very large and 0.90
to 1.00 near perfect.”® All tests were made in SigmaPlot
11.0 (Systat Software Inc., USA) and significant values
were considered when p<0.05.

Table 1. Clinical, anthropometric, comorbidity
characteristics and medications in T2DM individuals?

General Features N=32
Age, years 54.25 (9.07)
Men, n (%) 22 (66)
Weight, kg 85.55 (18.02)
Height, m 1.72(0.11)
BMI, kg/m’ 29.00 (5.07)
Diagnosis, months 83.97 (70.71)
Menopause, n (%) 7(21.9)
Hb1Ac, % 8.03 (1.76)
Risk Factors

Obesity, n (%) 13 (40.6)
Smoker, n (%) 3(9.4)
Sedentary, n (%) 20 (62.5)
Hypertension, n (%) 14 (42.7)
Dyslipidemia, n (%) 18 (56.2)
Medications

SGLT 2 Inhibitors, n (%) 7 (21.9)
Sulfonylurea, n (%) 10(31.2)
Biguanide, n (%) 23(71.9)
Glyptin, n (%) 4(12.5)
Insulin, n (%) 8(25.0)
Diuretic, n (%) 5(15.6)
Angiotensin-Converting Enzyme Inhibitors, 1(3.1)

n (%)

Angiotensin Il Receptor Blockers, n (%) 8(25.0)
Beta-Blockers, n (%) 3(9.4)
Lipid reducer, n (%) 8(25.0)

2 The data presented are described as mean (standard
deviation) and in percentage of individuals in the
sample. BMI: body mass index; SGLT-2: sodium/glucose
cotransporter 2

Results

A total of fifty-two individuals were initially recruited,
however, seventeen were excluded for not having com-
pleted the tests, one was excluded for presenting outliers
and 2 were excluded for having a diagnosis of prediabe-
tes. Therefore, thirty-two individuals were included in
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the final sample of this study. The Table 1 shows sample
characterization regarding general features, risk factors
and medications. More than half of our population was
classified as sedentary, diagnosed with dyslipidemia and
has no controlled glycemia, as indicated by an analysis
of glycated hemoglobin (Hb1Ac).

Table 2. Variables of arterial stiffness and peak CPET®

Arterial stiffness and hemodynamics measurements

ASP, mmHg 123.28 (16.11)
ADP, mmHg 83.22 (8.75)
PP, mmHg 39.56 (11.68)
MAP, mmHg 99.19(11.6)
HR, bpm 71.09 (10.45)
AP, mmHg 10.44 (5.7)
Alx, % 25.25(8.79)
Alx@75, % 23.81(7.53)
BSP, mmHg 135.50(18.99)
BDP, mmHg 82.31(8.62)
PPA, mmHg 12.22 (4.88)
PWV, m/s 8.33(1.53)
PTT, ms 48.56 (8.49)

Cardiorespiratory exercise test variables (peak)

HR, bpm 156.19 (20.2)
%HR__ 92.95 (19.6)
VO,, mL/kg".min”! 22.40 (3.56)
Systolic BP, mmHg 200.71 (30.74)
Diastolic B, mmHg 101.19 (13.42)
VE/VCO, slope 40.54 (7.66)
OUES 2.00 (0.5)
RER 1.15(0.12)
O,P, mL/beat 12.61(2.91)

2The data presented are described as mean (standard
deviation). ASP: Aortic Systolic Pressure; ADP: Aortic
Diastolic Pressure; PP: Pulse Pressure; MAP: Medium
Arterial Pressure; HR: Heart Rate; AP: Augmentation Aortic
Pressure; Alx: Augmentation index; Alx@75: Augmentation
Index at the heart rate of 75 beats min~'; BSP: Brachial
Systolic Pressure; BDP: Brachial Diastolic Pressure; PPA:
pulse pressure amplification; PWV: Pulse Wave Velocity;
PTT: Pulse Transit Time; \'/Ozpeak: Oxygen Uptake; VE/VCO,
slope: linear relation between minute ventilation and
carbon dioxide production; OUES: oxygen uptake efficiency
slope; RER: respiratory exchange ratio; % HRmax: maximum
heart rate reached in percentage; O,P: oxygen pulse

The results of the AS and CPET are outlined in Ta-
ble 2 and it is possible to note that the individuals are
considered with poor CRE* According to the Brazilian
Society of Hypertension, 6 individuals were considered
to be at stage 1, 2 and 3 of hypertension (1, 2 and 1, re-
spectively). Regarding the amplification of pulse pres-
sure, characterized by the difference in brachial systolic
pressure and aortic systolic pressure, individuals are
within the normal range.?**

The Figure 1 shows the correlation between AS
with Vozpeak and OUES. Considering significant cor-
relations found between CRF and AS measurements,
a simple linear regression analysis was performed (Ta-
ble 3) and a small correlation was identified. There was
a significant correlation between both AS variables with
OUES; however, predicting results of analysis to OUES
with Aix was better than Aix75. In the OUES estimation
model based on the Alx, it was able to explain 28% of
OUES variance, and the following predictive equation
was obtained: OUES = 2.76 - (0.03 x AlIx). The regres-
sion coefficient associated with Alx was 0.03 suggesting
that each one-unit increase in Alx is associated a 0.03
unit decrease in OUES.

To \'/OZpeak estimation model based on the AIx@75,
this variable was able to explain 23% of \702peak variance,
and the following predictive equation was obtained:
VO, . (mL-kg"'min) = 27.82 - (0.23 x AIx@75). The
regression coeflicient associated with AIx@75 was 0.23
suggesting that each one-unit increase in AIx@75 is as-
sociated a 0.23 unit decrease in VOzpeak.

Discussion

The aim of this study was to evaluate the association be-
tween AS and CRE, namely VO,  and OUES in indi-
viduals diagnosed with T2DM. The main findings of the
study were: I) there was an association between arteri-
al stiffness (AlIx and Alx @ 75) and CRF (VOzpeak and
OUES); II) AIx was determinant for VOZP“k and OUES.

As mentioned before, Alx is an indirect measure-
ment of AS that represents the difference between the
first and the second systolic peaks expressed as a per-
centage of pulse pressure and it is explained by the re-
flected pulse wave.>'®** In this way, although PWV has
been considered as the standard measure for AS, Alx is
a substitute measure for the load inflicted on central ar-
terial and ventricular walls.?

In addition, Alx is also important as an indepen-
dent marker of premature coronary artery disease, a
strong independent predictor of congestive heart failure
and all-cause mortality in healthy and clinical popula-
tions.* In an apparently healthy population, Janner et
al. found an average value of Alx: 21.8 for men and 30.0
for women.* In addition, Solanki et al. observed the fol-
lowing results for apparently healthy individuals from
35 to 44 years old AIx@75 results - 30.03 (9.88), from 45
to 54 years old - 29.38 (11.37), 55 to 65 years old - 32.10
(11.85).** Our findings regarding AIx corroborate these
values found in the literature. Given the importance that
Alx has gained in the literature, it deserves to be more
investigated.

In people with T2DM, the study by Brooks et al. re-
veals an direct effect of the disease in Alx.* The author
explains that this influence may be due to changes in the
stiffness of the artery wall due to glycation, calcification
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and changes in the composition of the extracellular ma-
trix. In addition to negatively influencing vascular mea-
surement, diabetes is also an independent predictor of
cardiovascular disease and is associated with low CRE,
which is another cardiovascular risk factor.®

The relationship of Alx with cardiorespiratory vari-
ables in individuals with T2DM is still poorly studied,
however some studies showed the influence of Alx on
\702})%k in other populations.*'® Binder et al. evaluated
asymptomatic men and obtained as a result that Alx is
significant and inversely related to \'/Ozpeak before and
after confounding adjustments such as age, heart rate,
body mass index and others. Denham et al. compared

endurance and control athletes and concluded that there
is a difference in the Alx values between the groups, but
this difference is attenuated when the values were nor-
malized by the \'/Ozpeak value.'¢ In addition, they conclud-
ed that moderate levels of CRF help achieve lower Alx
values, avoiding adverse loading on the heart and large
arteries and mitigating the risk of future cardiovascular
events and all-cause mortality.

Denham et al. explains that the improvement in VO-
2peak reflects cardiovascular adaptations associated with
physical exercise.'® Exercise increases circulating endo-
thelial progenitor cells known to maintain the integrity
of the internal arterial wall. High laminar shear stress,
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subsequent release of endothelial nitric oxide by nitric
oxide synthase and increased circulating EPC caused by
repeated and prolonged resistance exercise sessions, in-
fluence lower blood pressure and Alx in athletes. Cor-
roborating these data, another study explains that CRF
has an anti-inflammatory and antithrombotic effect,
which may affect the vascular structure and function.’
These studies help to explain the relationship found be-
tween the variables of AS and CRF.

Table 3. Univariate regression: \'/Ozpeak estimation model
based on Alx@75 (Model 1) and OUES estimation model
based on Alx (Model 2)?

Variable Coefficient  Standard error P Value
Model 1 -VO,peak

R20.231

Constant 27.82 1.89 <0.001
Alx@75 (%) -0.23 0.076 0.00
Model 2 - OUES

R20.284

Constant 2.76 0.23 <0.001
Alx (%) -0.03 0.01 0.00

2VO,: oxygen uptake; Alx@75: augmentation index
standardized to a heart rate of 75 beats per minute; OUES:
oxygen uptake efficiency slope; Alx: augmentation index

Table 4. Multivariate regression: \'/Ozpeak estimation model
based on Alx@75 (Model 1) and OUES estimation model
based on Alx (Model 2)?

Variable Coefficient  Standard error P value
Model 1-VO,

Age (years) -0.10 0.06 0.12
BMI* (kg/m?) -12.96 7.82 0.11
Alx@75 (%) -0.17 0.08 0.04
Model 2 - OUES

Age (years) -0.01 0.01 0.29
BMI* (kg/m?) 3.21 0.89 0.00
Alx (%) -0.02 0.01 0.00

2VO,: oxygen uptake; Alx@75: augmentation index
standardized to a heart rate of 75 beats per minute; OUES:
oxygen uptake efficiency slope; Alx: augmentation index,
*Natural logarithm transformed variables, Model 1: R? =
0.336; Adjusted R* = 0.265; P = 0.009; Model 2: R? = 0.536;
Adjusted R?=0.486; P < 0.001.

Despite our findings regarding Alx corroborat-
ing the literature, the results related to PWV are still
contradictory. Augustine et al. obtained an inverse-
ly significant result between PWV and VO, _ in obese
middle-aged women.® On the other hand, some studies
have also found no significant relationship between the
cardiorespiratory and AS variables.?”*

Some studies show that Alx and PWV are influ-
enced by different anatomical and physiological prop-
erties*, what can explain this difference found in our

study. The increased reflection and stiffness of the ar-
terial waves cause an increase in the systolic load in the
heart, limit the cardiac output during exercise and, thus,
can reduce VO,.* In addition, Wilkinson et al. shows that
the PWV is not affected by changes in heart rate, while
Alx is influenced by this variable.?”” This explanation
helps to reinforce our findings and the importance of
adjusting Alx by heart rate. Our findings show that only
AlIx@75 was determinant for VOzpeak and it can be ex-
plained by the relationship between heart rate and Alx
that occurs due to the reduction in ejection duration,
causing a change in the wave reflected in the diastole.*

Another possible explanation is that some studies
indicate that PWYV increases with age, while AIx tends
to stabilize after 60 years old.** This plateau can be ex-
plained by the reduction of impedance incompatibility
between the peripheral and central arteries, decreasing
the amplitude of the reflection and altering the location
of the reflection of the pulse wave distally.* However,
although the population studied was diagnosed with di-
abetes, the PWV was not yet characteristic of AS, that
is, above 10 m/s as established by Van Bortel et al.' In
addition, the association of AS and CRF is stronger in
individuals with more advanced clinical cases and the
average diagnosis time for our population is 6 years.?

Regarding OUES, it is known that it is a variable
that reflects the integration of function and health of the
skeletal, cardiovascular and pulmonary muscular sys-
tems and indicates the effectiveness with which oxygen
is absorbed and distributed to the body.”container-ti-
tle”:”Journal of the American College of Cardiology’; -
DOI”:”10.1016/S0735-1097(961° A possible explanation
for the association between Alx and OUES found in our
study is metabolic acidosis, which acts on the inflam-
matory process of the arterial wall, releasing cytokines
that can induce vascular calcification. The development
of metabolic acidosis is one of the physiological bases of
OUES, as it controls the distribution of blood to skel-
etal muscles.”’container-title”:”Journal of the American
College of Cardiology’y DOI”:”10.1016/S0735-1097(96

Although the study subjects have an OUES value
within the expected, according to Myers et al., the min-
ute ventilation/carbon-dioxide output value is slightly
above the established, showing a poor prognosis and a
moderate risk of cardiovascular events.’ On the other
hand, our findings regarding this variable corroborate
the findings of Giirdal et al., because it is known that ex-
ercise capacity is impaired in the population diagnosed
with T2DM.*

Conclusion

The Alx could be considered a predictive variable of
CRE, since our results showed an association between
Alx with OUES and AIx@75 with \70zpeak in individuals
diagnosed with T2DM. Despite the small sample, which
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is a possible limitation of our study, these findings are
clinically important, Alx is easily accessible and non-in-
vasive and has been shown to be an important measure
of AS. As an important predictor of cardiovascular im-
pairment and with proved cardiorespiratory perfor-
mance association, greater attention is suggested for this
important vascular variable. These results contribute to
the body of evidence linking arterial functional proper-
ties to cardiorespiratory fitness.
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ABSTRACT

Introduction and aim. The use of pacifier is a very common practice in the early childhood period in the world. In recent years,
the harms of pacifiers have been discussed rather than their benefits. We aimed to determine the knowledge and behaviors of
mothers with children aged 0-3 about the use of pacifiers.

Material and methods. A cross-sectional study was conducted with 363 mothers between January 10th and November 31st,
2020 in Zonguldak, Turkey. The data were collected with a web-based questionnaire. This article was prepared following
STROBE guidelines.

Results. The mothers started using the pacifier for the first time when their children were at an average of 2.86+3.31 months
old, and they used it for at an average of 12.06+9.13 months. Of the mothers, 36.4% were found to clean the pacifier ev-
ery month and 30.6% to have the behavior of dipping the pacifier into a product such as sugar, honey, molasses, and jam.
The mothers with undergraduate degrees had the behavior of cleaning pacifiers more than those with postgraduate degrees
(p<0.001).

Conclusion. Mothers preferred to give pacifiers to babies at a high rate and had misinformation about the use of pacifiers that
may harm their children’s health.

Keywords. behaviors, children, mothers, pacifiers, pediatric nursing

Introduction firmly, and using a pacifier after the establishment of

The use of pacifier is a very common practice in the ear-
ly childhood period in the world. It is thought to meet
the natural sucking needs of babies, especially in low
and middle-income countries. It is a method that has
deep cultural bases in our society and has been used to
relieve the children for centuries.'

The American Academy of Paediatrics suggests de-
laying pacifier usage until one month of age for breast-
fed babies to ensure that breastfeeding is performed

breastfeeding.” The use of pacifier is considered to be
appropriate as it reduces the risk of sudden infant death
syndrome and relieves the pain in medical procedures
and calms the child.** The American Academy of Pedi-
atrics recommends that parents consider offering paci-
fiers to infants one month and older at the onset of sleep
to reduce the risk of sudden infant death syndrome. In
addition to the benefits of pacifier use, the harms are
discussed.’
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Potential complications of pacifier use, particularly

with prolonged use, include a negative effect on breast-
feeding, dental malocclusion, otitis media, and start-
ing smoking in adolescence. Adverse dental effects can
be evident after two years of age, but mainly after four
years.? The use of pacifiers may lead to oral motor dys-
function in the babies, babies’ rejection of the moth-
er’s breast and their inability to receive sufficient breast
milk. The babies who cannot get sufficient breast milk
may be deprived of the protective effect of breast milk
on the intestinal mucosa.’ At the same time, the use of
pacifiers may cause the baby not to be able to perform
the sucking movements that should be done normally
and the lower jaw to be left behind due to dysfunction,
and its long-term use may lead to mouth construction
deformity and early tooth decay. When the pacifier is
not disinfected under appropriate conditions, it can
cause diarrhoea in the baby."
Mothers/caregivers are important in preventing harm
that may occur due to pacifier use. There are a limited
number of studies examining mothers’ pacifier use in
Turkey. In these studies, it is stated that mothers usual-
ly use pacifiers when they are 0-1 months old, they use
pacifiers to keep them quiet when they cry, they think
that using pacifiers is harmful, they find pacifiers harm-
ful in terms of teeth development, and they would not
use pacifiers for their babies if they had sufficient knowl-
edge about it. These studies did not examine how moth-
ers use the pacifiers."”

In our country, the reasons for mothers’ use of pac-
ifiers and their usage patterns can be affected by tradi-
tional methods. Due to these traditional methods (not
changing pacifiers regularly, not cleaning pacifiers regu-
larly, usign with honey foods etc.), babies can be harmed
by the use of pacifiers. It is necessary to determine the
wrong practices, to correct the practices of the families
and to inform them for the future studies.

Aim

Thus, we aimed to determine the knowledge and be-
haviours of mothers with children aged 0-3 about the
use of pacifier in Zonguldak, Turkey. In line with this
general purpose, the research questions are as follows:
(1) How are the behaviours of mothers’ use of pacifi-
er? (2) What are the thoughts of mothers about the use
of pacifier? (3) Is there a difference in the behaviour of
mothers’ use of pacifier according to their level of ed-
ucation? (4) Is there a difference in finger sucking be-
haviour of children according to their first time to start
pacifier and the duration of pacifier use?

Material and methods

Study design

The study used a cross-sectional study design in which
the data were collected via an electronic questionnaire

and analysed using descriptive and analytical statistics.
This study is reported in accordance with strengthening
the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observa-
tional studies.®

Setting

The study used a cross-sectional study design in which
the data were collected via an electronic questionnaire
between January 10" and November 31¢, 2020 with
363 mothers and analyzed using descriptive statistics in
Zonguldak, Turkey. A Community Health Care nurse
(a researcher) with an MSc degree, who was responsible
for organizing the data collection. After the mothers had
signed the consent form, they received, via email, a sep-
arate electronic code which they could use to enter the
research electronic study. This study is reported in accor-
dance with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies.®

Participants

The longest use of pacifiers is recommended between
0-3 years of age.? Therefore, mothers with children be-
tween the ages of 0-3 were included in the study. A
convenience sample of the Zonguldak Maternity and
Children’s Hospital and the Family Health Centers, with
a population whose medical records can be accessed,
was used. An e-mail was sent to all mothers whose con-
tact information was available and met the inclusion cri-
teria. Inclusion criteria of mothers for the study are as
follows: (1) Having a child between the ages of 0-3 (2)
Using the pacifier for their child (3) Agreeing and being
willing to participate in the study (4) Living in Zongul-
dak, Turkey. The mothers were informed about the pur-
pose of the study, the benefits to be obtained from the
research, the time to spend for the interview and their
consent was obtained.

The sample size was calculated with G*Power ver-
sion 3.1.2 software.” A post hoc power analysis was
based on the correlation coefficient between psychoso-
cial adjustment and adherence to medication. A power
of 0.80 was determined at a 0.5 effect size and an alpha
of 0.05.

Data collection

In the collection of data, a questionnaire form that con-
sisted of 18 open and closed-ended questions prepared
in line with the literature." This questionnaire evaluat-
ed the socio-demographic characteristics of the moth-
ers and their thoughts about the use of pacifier. The data
were collected with the web-based questionnaire meth-
od due to the isolation and protection led by the pan-
demic period.
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Data analysis ages and standard deviations). Cross-tabulation was
The data were evaluated using the Statistical Package performed to describe nursing encounters in relation
for the Social Sciences (SPSS) for Windows 22.0 sta- to patient age groups. The chi-squared test was used to
tistical program. The variables were examined using estimate significant differences in characteristics. The
descriptive statistics (frequencies, percentages, aver- origin of the differences was detected with the Fisher

Table 1. The characteristics of mothers (n=363)

Mean + SD Min - Max
Age of mother 31.04+5.86 18-53
Age of the child included in the study (month) 1760+ 11.6 0-36
n %
Number of children in the family 1 child 197 54.3
2 children 120 331
3 and above children 46 12.6
Education level of mother Primary School 46 12.7
High School 93 25.6
University 199 54.8
Postgraduate 25 6.9
Employment status of mother Unemployed 179 493
Employed 184 50.7
Income level of the family The income is less than the expenditures 46 12.7
The income is equal to the expenditures 225 62
The income is more than the expenditures 92 25.3
Table 2. The behaviours of mothers’ use of pacifier (n=363)
The behaviours of mothers’ use of pacifier Mean + SD Min - Max
The first time of the child’s use of pacifier (month) 2.86 +3.31 0-24
The child’s duration of pacifier use (month) 12.06 +9.13 0-48
n %
Type of Pacifier* Orthodontic 279 73.6
Traditional 100 26.4
Use of pacifier chain  Yes 190 523
No 173 47.7
Type of pacifier With metal clips 24 9.1
chain* With plastic clips 9% 36.2
Long 36 13.6
Short 49 18.5
Rope part decorated with swinging toy 60 22,6
Pacifier cleaning Yes 355 97.8
No 8 2.2
Frequency of pacifier cleaning Monthly 132 36.4
Every two month 104 28.7
3 months and over 88 24.2
Pacifier change Yes 315 86.8
No 48 13.2
Frequency of pacifier change Monthly 132 36.4
Every two month 104 28.7
3 months and over 88 24.2
Behaviour of dipping the pacifier into a product Yes 111 30.6
No 252 69.4
The product that the pacifier is dipped into* Sugary products such 110 88
as honey, molasses, jam
Herbal tea 6 4.8
Breast milk 9 7.2

* More than one option has been marked
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Table 3. The thoughts of Mothers about the use of pacifier (n = 363)
Thoughts of mothers about the use of pacifier n %
Reasons to use pacifiers Calming the baby 196 194
Getting a comfortable sleep 42 4.2
Organising the duration between meals 68 6.7
Being able to keep the baby comfortable and quiet 111 1
Preventing finger sucking 18 117
Helping during teething 82 8.1
Facilitating separation from the breast after feeding 31 3.1
Reducing the pain when there is pain 8 0.8
Because family elders want 353 35
Thinking that pacifier is harmful Yes, itis harmful. 129 355
for the baby No, it is not harmful. 234 645
The harms of the pacifier * It damages the tooth development. 94 27.8
It damages the chin development. 108 32
It damages the palate structure. 91 26.9
It prevents / reduces the baby’s breast milk intake. 45 13.3

* More than one option has been marked

Exact test. A p-value of < 0.05 was considered signif-
icant.

Ethical considerations

Ethical consent was obtained from Zonguldak Biilent
Ecevit University Human Research Ethics Committee
for the study, dated 08/01/2020 and numbered 2020/01.
Necessary written permissions were obtained from the
management of the institution where the research was
conducted. Data collection was based on the voluntary
participation of the mothers who were included in the
study. The mothers were informed about the purpose of
the study and confidentiality of all data and their con-
sent was obtained.

Results

The mean age of the mothers was 31.08+6.04 (18-53) and
of the children was 17.60+11.6 (0-36) months. Of moth-
ers, 54.3% had 1 child, 33.1% had 2 children and 12.6%
had 3 and above children. Of the mothers, 54.8% were
university graduates, 50.7% were employed, and the ratio
of equal to income expense was 62.0% (Table 1).

The children started using the pacifier for the first
time when they were at an average of 2.86+3.31 months
old, and they used it for at an average of 12.06+9.13
months. 73.6% of the mothers used orthodontic pacifi-
ers, 52.3% used pacifier chains, 36.2% used plastic clips,
97.8% cleaned the pacifier, 36.4% cleaned the pacifi-
er every month, 36.4% changed pacifier every month,
30.6% had the behaviour of dipping the pacifier into a
product, and the products that the pacifier was dipped
into were sugary ones with a percentage of 88% such as
honey, molasses and jam (Table 2).

In this study, 19.4% of the mothers stated that they
used pacifiers to calm their babies and 35% used them as

their family elders wanted. 35.5% of the mothers stated
that using a pacifier was harmful. Of the mothers, 32%
and 27.8% stated that the use of pacifier gave harm to
the development of the jaw and the tooth development,
respectively (Table 3).

There was a statistically significant difference be-
tween the behaviours of mothers’ pacifier cleaning and
their educational level (p=0.01). The mothers with un-
dergraduate degrees cleaned pacifiers more than those
with postgraduate degrees (p<0.001). It was found that
there was no statistically significant difference between
the educational level of mothers and the behaviours of
thinking that the pacifier was harmful, the first time to
start the pacifier, the duration of pacifier use, the fre-
quency of pacifier cleaning, the pacifier change, the fre-
quency of pacifier change, and the behaviour of dipping
pacifier into a product (p> 0.05) (Table 4).

When finger sucking behaviours of children were
compared according to their first time to start pacifier
(p=0.03) and the duration of pacifier use (p=0.001), a
statistically significant difference was found between
them. The children who started using pacifier at 0-5
months old displayed more finger sucking behaviour
than those who started it at 11-15 months and 16-24
months old (p=0.03). The children using pacifiers for
0-10 months displayed more finger sucking behaviour
than those using it for 31-48 months (p=0.001) (Ta-
ble 5).

Discussion

This study was carried out in Zonguldak city centre to
determine the knowledge and behaviours of mothers
with children aged 0-3 about the use of pacifier. In the
study, the children started using the pacifier for the first
time when they were at an average of 2.86+3.31 months,
and they used it for at an average of 12.06+9.13 months.
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Table 4. The differences in the behaviours of mothers’ use of pacifier according to their level of education (n = 363)

The behaviours of mothers’ use of pacifier

Educational level of mothers

Primary school High school Undergraduate Postgraduate
n % n % n % n %
Thinking that the pacifier is harmful
Yes, it is. 19 14.7 29 225 75 58.1 6 4.7
No, it is not. 27 11.5 64 274 124 53 19 8.1
Statistical analysis* ¥x2=3.384 p =0.343
The first time to start using pacifier (months)
0-5 37 12.1 81 26.5 170 55.6 18 5.9
6-10 6 14.0 10 233 23 535 4 9.3
11-15 2 20 0 0 5 50 3 30
16-24 1 25 2 50 1 25 0 0
Statistical analysis* ¥2=13.360p =0.112
Duration of Pacifier use (month)
0-10 13 7.5 46 264 102 58.6 13 7.5
11-20 15 133 32 283 59 52.2 6.2
21-30 15 26.3 13 22.8 25 43.9 7.0
31-48 3 25.0 2 16.7 7 58.3 0.0
Statistical analysis* X%216.540 p = 0.056
Cleaning pacifiers 42 11.8 92 259 197 555 24 6.8
Statistical analysis* X2=11.245p=0.010
Post hoc ** 3-4 (p < 0.001)
Frequency of cleaning pacifiers
Monthly 21 9.1 57 24.8 133 57.8 19 8.3
Every two month 15 16.3 28 304 45 48.9 4 4.3
3 months and over 4 12,5 7 219 19 59.4 2 6.3
Statistical analysis* X?2=6.513 p=0.364
Changing pacifiers 36 1.4 84 267 171 543 24 7.6
Statistical analysis* ¥2=6.194p=0.103
Frequency of changing pacifiers
Monthly 13 9.8 30 22.7 79 59.8 10 7.6
Every two month 17 16.3 32 30.8 50 48.1 5 4.8
3 months and over 8 9.1 22 25 49 55.7 10.2
Statistical analysis* X2 =7.566 p=0.263
The behaviour of dipping the pacifier into a 22 19.8 29  26.1 54 48.6 6 54

product
Statistical analysis*

X2 =7.656 p = 0.54

* x2: Chi-square test, ** Post hoc: Fisher exact test

In this study, 19.4% of the mothers stated that they used
pacifiers to calm their babies and 35% used them as their
family elders wanted, and 35.5% of the mothers stated
that using a pacifier was harmful.

The mothers in this study started giving pacifiers to
their babies in the first months of their lives. Contrary
to this practice, it is clearly stated in the World Health
Organization’s Ten Steps for Successful Breastfeeding
Principles that “no baby bottles or fake pacifiers should
be given to breastfed babies”. In order not to reduce the
breast milk intake of babies, it is recommended not to
give pacifiers to babies who are only breastfed (for six
months)."” Mothers can concern that pacifiers may in-

terfere with breastfeeding.!' However, some current
studies showed that early versus late recommendation
of pacifier introduction did not affect the proportion of
breastfeeding at six months.'>* Exclusive breastfeeding
is associated with reduced pacifier sucking in children
at 12 months. Promotion of exclusive breastfeeding may
reduce the use of pacifiers and their potential deleteri-
ous effects.™

In this study, 73.6% of the mothers used orthodontic
and 26.4% traditional pacifiers. Of the mothers, 35.5%
stated that using a pacifier was harmful. The mothers in
the study try different types of pacifiers in order to re-
duce the harms of the pacifier. In the study by Sezici and
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Table 5. The differences in finger sucking behaviour of children according to their first time to start pacifier and the duration

of pacifier use (n = 363)

The child’s finger sucking Statistical Post hoc
behaviour analysis* **
The child’s first time to 0-5(1) n 62
start pacifier (month) % 785
6-10(2) n n X2 = 5.300 1-3 (p = 0.03)
% 13.9 p=0.021 1-4 (p = 0.03)
11-15(3) n 3
% 338
16-24 (4) n 3
% 3.8
The duration of pacifier ~ 0-10(1) n 51
use (months)
% 654 X2 =11.666 1-4
11-20(2) n 19 p=0.09 (p=0.001)
% 244
21-30(3) n 7
% 9.0
31-48 (4) n 1
% 1.3

* x2: Chi-square test, **Post hoc: Fisher exact test

Yigit’, the rate of orthodontic pacifier use was found to
be as 68% and traditional pacifier use as 31.4%. On the
other hand, in another study, the rates of traditional and
orthodontic pacifier use were determined to be as 13.3%
and 24%, respectively.”” The use of orthodontic pacifier
is thought to stimulate muscle contraction, tongue posi-
tion and nasal breathing, similar to breastfeeding, thus
not interfering with facial growth and occlusion. There-
fore, orthodontic pacifiers are preferred more frequent-
ly by mothers.'*"”

In this study, 30.6% of the mothers in this study had
the behaviour of dipping the pacifiers into products, and
the products were mostly the sugary ones (88%) such as
honey, molasses and jam. Dipping the pacifier into a nu-
trient and giving it to the child is a traditional practice
in our country and learned from the elders of the fam-
ily. However, this situation may cause the child to stop
breastfeeding in the early period. The history of the pac-
ifier is based on the use of sugary products or honey to
calm the new-born."® Sezici and Yigit” stated in their
study that 53.4% of the mothers gave the pacifier to their
babies with sugary food.

There was a statistically significant difference be-
tween the mothers’ pacifier cleaning and their level of
education (p=0.01). Among the mothers, those with un-
dergraduate degrees cleaned pacifiers more than those
with postgraduate degrees (p<0.001). Behaviour of
thinking that the pacifier was harmful, the first time to
start the pacifier, the duration of pacifier use, the fre-
quency of pacifier cleaning, the pacifier change, the fre-
quency of pacifier change, and the behaviour of dipping

the pacifier into a product did not differ regarding the
educational level of the mothers (p>0.05). The maternal
education level stands out as the leading factor affecting
the use of pacifiers. The more the educational level of
mother got, the less the duration of pacifier use became.
The number of dentist visits in the children of mothers
with high educational level was also high.*

In this study, starting to use pacifiers at 0-5 months,
when sucking behaviour was seen mostly, caused finger
sucking behaviour in children. The children using paci-
fiers for 0-10 months displayed more finger sucking be-
haviour than those using it for 31-48 months (p=0.001).
According to the results, children sustain the situation of
having satisfaction from the pacifier with the behaviour
of finger sucking. In cases where breastfeeding cannot
occur, the pacifier improves the sucking reflex by pro-
viding the neurobehavioral organization of the baby.*!
According to Freud’s psychoanalytic theory, 0-5 months
corresponds to the oral period. In this period, children
display sucking behaviour intensely and reach oral plea-
sure.” However, Butler et al. stated that infants in the
pacifier users were reported to have more night wakings,
to sleep longer during the day, and to shorter stretches
of nighttime sleep than finger suckers into 0-6 months.?
Using pacifiers and finger sucking can be used to relax
and help to children to sleep.

Limitations

There are some limitations of our study. Firstly, the
data were collected via an electronic questionnaire. The
fact that mothers cannot be reached directly may limit


https://creativecommons.org/licenses/by/4.0/

42

European Journal of Clinical and Experimental Medicine 2022; 20 (1): 3643

whether the questionnaires are filled in by the right peo-
ple (convincing/certainty). In future studies, authors can
use any video app or telephone calls for interviews, rath-
er than just an electronic questionnaire.

This research was performed according to a
cross-sectional study design in Zonguldak, Turkey. The
data were and represent the perceptions of those moth-
ers who were invited to participate in that region in Tur-
key. Thus, generalizability of the findings is limited. The
questionnaire was used for the first time in this study,
and no statistical testing was conducted to prove the re-
liability and validity of the entire questionnaire. The last
limitation of this study is that the authors did not take
into account clinical data, e.g. newborn/premature in-
fant, child’s weight, weight gain, etc. In future studies, it
is recommended to examine the impact of such data on
pacifier use.

Conclusion

The mothers gave a pacifier to their children up to an av-
erage of 1 year old, mothers had misinformation about
the use of pacifiers, which would harm the health of
their children, and the level of education was import-
ant in the occurrence of this situation. It is necessary to
determine the wrong practices (such as not changing
pacifiers regularly, not cleaning pacifiers regularly, using
with honey foods) to correct the practices of the families
and to inform them for the future studies.

Considering the important roles of pediatric nurses in
the treatment and follow-up of children, the current sit-
uation needs to be improved. In line with the results ob-
tained from the research, it is recommended to increase
the effectiveness and efficiency of breastfeeding educa-
tion led by pediatric nurses given within the scope of
“Promoting Breastmilk and Baby-Friendly Health Insti-
tutions Program” to mothers and mother candidates in
health institutions, and to inform especially about the
harms of pacifier use.
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ABSTRACT

Introduction and aim. We aimed to assess the usefulness of diffusion weighted imaging (DWI) and apparent diffusion coeffi-
cients (ADCs) for characterizing renal masses.

Material and method. In this retrospective study we measured the ADC values of renal masses at b=0, b=500 and b=1000.
Measurements were made by placing a circular region of interest with a diameter of 1 cm.ADC values from normal renal paren-
chyma were taken to define the ADC and to compare with the ADC values of the lesions.

Results. A total of 72 lesions of 54 patients were included.40 of the masses were benign and 32 were malignant. The ADC values
of benign lesions at both b values were significantly higher than malignant lesions. We found the lowest values in angiomyoli-
pomas (AMLs) and oncocytomas and the highest values in Bosniac type | cysts. Similarities was found between the ADC values
of some AMLs and the RCCs. In terms of statistical results, the inclusion of AMLs in the analysis did not significantly affect the
difference between malignant and benign lesions.

Conclusion. In our study, the ADC values of benign renal masses were higher than those of normal renal parenchyme, which is
higher than those of malignant renal masses.The lowest ADC values were observed in AMLs and oncocytomas.

Keywords. apparent diffusion coefficient, diffusion weighted imaging, renal neoplasms

Introduction these subtypes have different prognoses and respons-

Benign and malignant kidney lesions can originate
from different tissues. Characterization of renal masses
is needed in the treatment planning. Renal cell carcino-
ma (RCC) is the most common malignant kidney tumor
in adults.! There are three major subtypes of RCC: clear
cell RCC, papillary RCC and chromophobe RCC. Since

es to molecular therapy, subtyping is important and
cross-sectional imaging is essential for the detection and
characterization.”* Magnetic resonance imaging (MRI)
has many advantages including high contrast resolution,
absence of ionizing radiation, less toxicity of its contrast
agents compared to iodinated contrast agents. Diffusion

Corresponding author: Berrin Erok, e-mail: drberrinerok@hotmail.com

Received: 15.09.2021 / Revised: 15.11.2021 / Accepted: 22.11.2021 / Published: 30.03.2022

Kis N, Diizkalir HG, Aga¢li MO, Erok B, Kiligoglu ZG. Contribution of diffusion weighted MRI to the differential diagnosis of renal
masses. Eur J Clin Exp Med. 2022;20(1):44-48. doi: 10.15584/ejcem.2022.1.6

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.


https://creativecommons.org/licenses/by/4.0/
http://www.ejcem.ur.edu.pl
https://orcid.org/0000-0003-1387-9563
https://orcid.org/0000-0002-3514-8158
https://orcid.org/0000-0002-1241-4759
https://orcid.org/0000-0001-8036-547X
https://orcid.org/0000-0002-5358-0526
http://dx.doi.org/10.15584/ejcem.2022.1.6
mailto:drberrinerok%40hotmail.com?subject=

Contribution of diffusion weighted MRI to the differential diagnosis of renal masses

45

weighted imaging (DWI) is a method that enables the
characterization of biological tissues based on the diffu-
sion properties of water molecules. However, since this
method is sensitive to cardiac, respiratory and peristal-
tic movements, its use in the early days was limited in
brain examination. Nowadays, with the development of
fast MRI sequences such as echo-planar imaging (EPI),
it has started to be used in other body areas effectivelly.
Since the sequences used in DWTI is also T2 weighted,
“apparent diffusion coeflicient” (ADC) maps with only
diffusion effect are created to erase the T2 effect.’

Aim

The main purpose of our study is to determine DWI
findings of various renal masses and to investigate their
contribution to the diagnosis regarding benign and ma-
lignant differentiation by presenting the characteristic
features and calculating the ADC values that may be
useful in differential diagnosis.

Material and methods

In this retrospective study we measured the ADC values of
renal masses of 54 cases at b=0, b=500 and b=1000. Mea-
surements were made by placing a circular region of in-
terest (ROI) with a diameter of 1 cm on the lesions. In the
relatively homogeneous lesions larger than 2 cm, the aver-
age of 3 separate ROI measurements in the same slice was
calculated. On the other hand, for the lesions with hetero-
geneous internal structure, the measurements were made
from the solid parts that enhances on postcontrast imag-
es and shines most on DWI. The ADC value of the lesions
with a diameter of 1 cm was made by using a single ROL
In addition, the average of 3 different ADC values from
normal renal parenchyma were taken to define the ADC
and to compare with the ADC values of the lesions.

Statistical analysis

Data were analyzed using the IBM SPSS Statistics 22
(IBM SPSS, Turkey). The conformity of normal distri-
bution of data was evaluated by Shapiro-Wilk test. In ad-
dition to descriptive statistical methods (mean, standad

Table 1. ADC values of benign-malignant lesions

deviation), in the comparison of parametes in two goups
student t test was used. ROC curve analysis was used to
establish a cut-off point and the significance level for
the study was set as p<0.05.

Results

A total of 72 lesions of 54 patients (35 males and 19 fe-
males), aged between 26 and 86 (mean 59.5+15.7 years)
were included in this study. 40 of the masses were be-
nign (19 Bosniac type 1 cysts, 12 Bosniac type 2 cysts, 3
oncocytomas and 6 angiomyolipomas) and 32 were ma-
lignant (31 RCC and 1 transitional cell carcinoma).

Fig. 1. a-e) Angiomyolipoma of the right kidney in a
78-year-old female patient, which is hyperintense on T 2-w
image (a); losing signal in the fat suppressed sequence

(b); showing locally restricted diffusion on DWI (c-e); with
ADC values measured as 1.21x10° mm?/s at b=1000 (d) and
1.67x10° mm?/s at b=500 (e)

The average ADC values of all masses without dis-
tinguishing between malignant and benign masses were

Malignant (n=32)
(31 RCC and 1 transitional cell

Benign (n=40)
(19 Bosniac type 1 cysts, 12 Bosniac

carcinoma) type 2 cysts, 3 oncocytomas and 6 AMLs) p
mean mean
x10%mm?/s 5D x10%mm?/s sD

ADC value of the lesion at b=1000 1.206** 0.386 2.328 0.713 <0.0001
ADC value of the lesion at b=500 1.413** 0.441 2.524 0.782 <0.0001
ADC value of the normal parenchyma 1920 0.180 1939 0.164 0653
at b=1000

:‘tle_‘;%'ge of the normal parenchyma 2227 0.252 2230 0.274 0.954

**p <0.01
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found to be 1.72+0.81x10° mm?/s at b=1000 and was
1.95+0.82x10° mm?*/s at b=500 .The average ADC val-
ues of 32 malignant masses (1.2x10” mm?*/s at b=1000
and 1.41x10”° mm?/s at b=500) were significantly lower
than the ADC values of the normal renal parenchyma
which was statistically significant (p<0.01). The av-
erage ADC values of benign masses were higher than
the ADC values of normal renal parenchyma (1.92x10-
3 mm?/s at b=1000 and 2.23x10> mm?/s at b=500) and
it was statistically significant. The ADC values of be-
nign lesions at both b=1000 and at b=500 were signifi-
cantly higher than the ADC values of malignant lesions
(p<0.01). These differences between benign-malignant
lesions did not differ significantly between images ob-
tained at b=500 and b=1000 images (Table 1).

Fig. 2. a-e) Oncocytoma in a 26-year-old female patient.
T2-w image shows a hypointense lesion with central linear

hyperintity and smooth contours (a); significant restriction
on diffusion-weighted images is shown (b-d); with ADC
values measured as 0.9x103 mm?/s at b=1000 (c) and
1.11x10° mm?/s at b=500 (d)

Table 2. ADC values of the AMLs and oncocytomas
ADC (mean,

x10% mm?/s) b
Q=D1Co\(/)?)hz§:;)the AMLs at 1 048 0510
SESCO\éa(I::i;fthe AMLs at 486 0195
:tDtSZ:\;ez)Igg, c(nrfl igj oncocytomas 1286 0362
ADC value of the oncocytomas 1.450 0310

at b=500 (n=3)

‘A. "-:‘.' -

i)

3] }
Fig. 3. a-e). Hemorrhagic cyst in the right kidney and
simple cysts in the left kidney in a 69-year-old male patient.
On T2w images, one hypointense lesion in the right kidney
and a few hyperintense lesions in the left kidney are shown
(a); On T1w images, the lesion on the right is hyperintense,
and the lesions on the left are hypointense (b); While
restricted diffusion was observed in the right lesion, it

was not observed in the left lesions on DWI (c-f); The ADC
value of the right lesion was measured as 1.57x10° mm?/s
at b=1000 (e) and 1.58x10° mm?/s at b=500 (f). The ADC
value of the largest left lesion was measured as 3.09x107
mm?/sn at b=1000 (e) and 3,50x10* mm?/s at b=500 (f)

Among benign masses, we found the lowest values
in angiomyolipoma (Fig. 1) and oncocytomas (Fig. 2),
and the highest values in Bosniac type I cysts (Fig. 3),
(Table 2). It was found similarities between the ADC
values of some angiomyolipomas and the ADC values
of RCCs (Fig. 4). In terms of sensitivity in distinguish-
ing benign-malignant lesions, AML was first excluded
from the analysis. It was then analyzed again by adding
AMLs. In terms of statistical results, it was revealed that
the inclusion of AMLs in the analysis did not signifi-
cantly affect the difference between malignant and be-
nign lesions.

Discussion

Randomized movements of molecules depending on
their kinetic energies are called as diffusion. Diffu-
sion-weighted MRI is an MRI technique used to show
molecular diffusion which is Brownian motions of spins
in biological tissues. In conventional MRI, the molecu-
lar motion of water contributes a very small amount to
the image. With the use of strong gradients, the tissues
become sensitive to diffusion of water and DWI can be
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Fig. 4. a-e). Clear cell RCC in a 56-year-old male patient.
Heterogeneous hyperintense lesion containing areas

of cystic necrosis in the left kidney on T2W images (a);
showing restriction on DWI (b-e); the ADC values were
measured as 1.68x10° mm?/s at b=1000 (d) and 2.05x10*
mm?/s at b=500 (e)

performed. The kidneys are very suitable for diffusion
studies with its high blood flow and its basic function
in fluid transport.>” Because of their complex anatomi-
cal and physiological structures, kidneys attract a great
attention for DWL3? In a cross-sectional study conduct-
ed on 30 patients having renal masses a statistically sig-
nificant difference was found in mean of ADC values
in relation to different types of malignant RCCs, while
no statistically significant difference in relation to differ-
ent types of benign renal masses was found.'® Although
there is no clear consensus on which b value to use in
the evaluation of the renal lesions, the recommended b
value is between 600 and 1000 s/mm?>.!"" We measured
all the ADC values in our study at b value of both 500 s/
mm® and 1000 s/mm?. In the study conducted by Cova
et al. with 39 cases, ADC values were measured from
normal renal parenchyma, areas of the lesion and di-
lated collecting system. The study found the followings;
higher ADC values in simple renal cysts and renal pelvis
of hydronephrotic kidneys compared to normal renal
parenchyma, lower ADC values in solid kidney tumors
and the lowest ADC values in the renal pelvis of pyo-
nephrotic kidneys. '* Similarly, in our study, the highest
ADC values measured at both b values were belonged
to simple renal cysts. In a retrospective study including
66 renal tumors of which 33 were clear cell RCC, 9 were
papillary RCC, 4 were chromophobe RCC, 11 were on-
cocytoma and 9 were AML, oncocytomas were found to
have the highest ADC values, significantly higher than

AMLs and all RCC subtypes.”* In the study of Taouli et
al., ADC measurements of 109 kidney masses at b=400
and b=800 values, 81 of which were benign and 28 of
which were malignant were analyzed." They found the
average ADC values of AMLs (n=10) lower than RCCs.
In the study of Zhang et al., 1 AML case had an ADC
value of 1.23x10-3 * mm?/s. In the same study, the aver-
age ADC value of RCCs was 2.03x10-3 mm?/s."* Dogan-
ay et al. analyzed ADC values by adding and subtracting
AML in their study and found a lower average ADC val-
ue in AMLs.'® Kilickesmez et al. found that ADC val-
ues of AMLs were higher than RCCs and they reported
that as the fat content of AMLs increased, ADC values
decreased. 7 In our study, ADC values of AMLs were
found also to be higher than malignant lesions with no
significant difference in terms of statistical results and as
the fat content of the AMLs increased, the ADC values
decreased in our AML cases. All measurements in our
study performed at 2 different b values made from solid
parts of malignant tumors and were found to be lower
than simple cysts. On the other hand, in some studies
in the literature, ADC values of cystic parts of malig-
nant lesions and ADC values of benign cystic lesions
were also compared.”'®* Among these studies, except
for those of Taouli et al. * ADC values of cystic parts of
malignant lesions were lower than ADC values of be-
nign cystic lesions. Zhang et al. reported that although
benign cysts and cystic/necrotic renal tumors may look
similar in conventional MRI, there is a significant differ-
ence in ADC values.”” There are some limitations of our
study including the limited number of the lesions and
the limited pathologies (e.g. absence of metastases ).In
addition, for the malignant lesions the ADC measure-
ments were made from the solid parts and the ADC val-
ues of the cystic/necrotic components of the malignant
lesions could not be compared.

Conclusion

DWTI is useful in differentiating benign and malignant
renal masses.In our study, the ADC values of benign
renal masses were higher than those of normal renal
parenchyma, which is higher than those of malignant
renal masses. Among the benign lesions the lowest ADC
values were observed in AMLs and oncocytomas. The
ADC values of AMLs were higher than those of RCCs.
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ABSTRACT

Introduction and aim. Non-odontogenic orofacial pain (NOFP) is a result of pathology, or injury to the structures in the oro-
facial region including the muscles, temporomandibular joint, neurovascular structures, and glands. This multi-diverse aetio-
pathogenesis poses a challenge in the diagnosis and management of NOPF. To determine the incidence and trend of various
non-odontogenic orofacial pain conditions at a tertiary hospital in Tanzania.

Material and methods. This cross-sectional study was conducted at the Muhimbili National Hospital (MNH) for 6 months. The
information gathered included socio-demographic characteristics of participants, characteristics of pain, and cause of pain.
Pain intensity was assessed using the Visual Analogue Scale (VAS).

Results. The incidence of NOFP was 3.3%. The male to female ratio was 1.7:1 and the mean age of patients was 44.2 + 17.4 years.
The mean intensity of the pain using the VAS was 47.27 + 5.66. Most (36.7%) patients experienced sharp pain. The common
causes of NOFP were trauma (43.3%) and malignant lesions (38.3%). A statistically significant association between the age and
sex of the patients and the causes of non-odontogenic pain was observed (p < 0.05).

Conclusion. The incidence of non-odontogenic orofacial pain is low. Trauma and malignant conditions were the leading caus-
es of NOFP.

Keywords. incidence, inflammation, non-odontogenic pain, pattern, Tanzania

Introduction

Orofacial pain (OFP) which has been defined as pain
whose origin is below the orbito-meatal line, above the
neck, and anterior to the ears, including pain within the
mouth is a common affliction that affects between 10
and 50% of the population.’” The pain in the facial re-
gion can be classified broadly based on its origin as od-
ontogenic (arising from the tooth and its supporting
structures) or non-odontogenic (which can arise from
musculoskeletal, neurological, or vascular structures
around the head and neck).>*

When pain occurs in the orofacial area, it is very im-
portant to identify and diagnose its cause.” Odontogen-
ic pain is the most common orofacial pain and it can be
managed well and predictably.>® However, non-odonto-
genic orofacial pain (NOFP) represents a challenge to
the clinician since the pain can arise from many sources
with overlapping signs and symptoms.>”

The clinical presentation of non-odontogenic pain
varies and can be very mild and intermittent or se-
vere, sharp, and continuous depending on the etiology/
source.*® Obtaining a detailed history from the patient
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including the location, duration, frequency, periodicity,
character, and quality of pain assists in reaching to cor-
rect diagnosis.’ This is of key importance to guide the
delivery of appropriate treatment and avoiding unneces-
sary treatment without eliminating the source.®

Currently in Africa there is a paucity of studies on
orofacial pain especially of the non-odontogenic type.
2 and Tanzania is not exceptional. This makes it a chal-
lenging task to quantify the extent of the problem in our
population. It is important to have local epidemiological
information regarding non-odontogenic pain in Tanza-
nia instead of basing on western literature due to con-
siderable differences in sociocultural and environmental
factors. With local information at hand, it will become
easier for clinicians to have a high suspicion index for
the cause when a person with orofacial pain present to
them for treatment.

Aim

This study was conducted to determine the incidence
and trend of various non-odontogenic orofacial pain
conditions at a tertiary hospital in Tanzania.

Material and methods

This was a cross-sectional hospital-based study that was
conducted at the Muhimbili National Hospital (MNH)
from September 2019 up to February 2020. A conve-
nient method of sampling was used whereby all patients
with orofacial pain were received and screened. Only
those with non-odontogenic OFP were further physi-
cally examined, investigated and those who consented
were included in the study. Patients who were mentally
challenged, aged under 18 years, and/or had been pre-
viously diagnosed with non-odontogenic orofacial pain
and in whom management had already been instituted
before the commencement of the study were excluded.
All patients who qualified were recruited until the end
of the data collection period (i.e Feb 2020).

A specific questionnaire that was translated to the
Swahili language was used for this study. It captured
information regarding the socio-demographic char-
acteristics of participants, the characteristics of pain
(intensity, nature, aggravating factors, and relieving fac-
tors), and the cause of pain (which was obtained after
a thorough examination of the patient to ascertain di-
agnosis). The questionnaire used was reviewed by spe-
cialists in the field of oral and maxillofacial surgery and
medicine for the assessment of its validity. A pilot study
was conducted to ascertain the clarity of the questions
asked.

Pain intensity was assessed using the Visual Ana-
logue Scale (VAS) which is a continuous scale com-
prised of a horizontal line of 10 centimeters (100 mm)
in length, anchored by “no pain” (score of 0) and “pain
as bad as it could be” or “worst imaginable pain” (score

of 100 [100-mm scale]). The respondent was asked to
place a line perpendicular to the VAS line at the point
that represents their pain intensity and that was meas-
ured with a ruler. The VAS scale was graduated into ten
intervals for ease of understanding for the patients. Be-
fore administering the questionnaire, patients were giv-
en an explanation and demonstration of how to score
the VAS scale.

The management of NOFP in this study followed
the protocol of managing orofacial pain in the depart-
ment on oral and maxillofacial surgery - MNH. All pa-
tients were managed on the same day of reporting after
establishing the cause of pain. Chronic pain due to
malignancy was managed initially by acetaminophen
and non-steroidal anti-inflammatory drugs (diclofenac
and/or ibuprofen). The 2" line of treatment included
weak opioids (tramadol), and strong opioids (mor-
phine) depending on the severity of pain. Pain due to
trauma and inflammatory conditions was managed by
either acetaminophen alone or in combination with
non-steroidal anti-inflammatory drugs (NSAIDs). The
neuropathic pain was managed by anticonvulsants
(carbamazepine) and antidepressants (amitriptyline).
The myofascial pain and temporomandibular joint
disorders were managed by the use of acetaminophen
and/or NSAIDs and antidepressants/ muscle relaxants
(diazepam).

Age was grouped into 18-40, 41-60, and > 60 years.
Marital status was dichotomized into those without a
partner (single, divorced, and widowed) and those with
a partner (cohabiting and married). Education was di-
chotomized into lower (no formal education and pri-
mary education) and higher education (secondary,
college education, and above). The occupation was di-
chotomized into those with a stable income (civil serv-
ants, businesspersons, the self-employed, and those who
were employed privately were considered to have a sta-
ble income) and with unstable income (no formal em-
ployment, students, peasants, petty traders). The pain
intensity was categorized into no pain (0-4 mm), mild
pain (5-44mm), moderate pain (45-74 mm), and severe
pain (75-100 mm)."

The data obtained from this study were coded, en-
tered into the computer program, and analyzed using
SPSS software version 23.0. Data was presented in the
form of the mean for continuous variables and percent-
ages for categorical variables. The probability level of
p<0.05 was selected for statistical significance.

The study was approved by the Institution Review
Board of the Muhimbili University of Health and Al-
lied Sciences (Ref.N0.287/298/01A) and permission was
granted by the MNH. Participation was voluntary and
for each participant, a signed informed consent form
was obtained before data collection. The participants
were assured of confidentiality and their right to par-
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ticipate or withdraw without any conditions. No names
were used to avoid identification. All patients were
treated according to the established protocol in MNH,
and refusal to participate or withdraw from the study
did not compromise the management of the patient.

Results

A total of 3651 patients with orofacial pain (OFP) were
attended to at the oral and maxillofacial clinic through-
out the study period. Those who had orofacial pain due
to non-odontogenic causes were 120 (3.3%). Most (75,
62.5%) were male, with a male to female ratio of 1.7:1.
The age of the patients ranged from 19 to 89 years, with
amean age of 44.2 + 17.4 years. Almost half (61, 50.8%)
of the patients were aged < 40 years, most (82, 68.3%)
had a low level of education and a few had a stable
source of income (Table 1).

Table 1. Distribution of patients with non-odontogenic
orofacial pain according to socio-demographic features

Socio-demographic Gender
characteristics Male Female Total
n (%) n (%) n (%)
Age (years)
18-40 46 (61.3%) 15(33.3%) 61 (50.8%)
41-60 17 (22.7%) 13(28.9%) 30 (25.0%)
>60 12(16.0%) 17 (37.8%) 29 (24.2%)

Marital status
Without partner
With partner

32 (42.7%) 20(44.4%) 52(43.3%)
43 (57.3%) 25(55.6%) 68 (56.7 %)

Education
Lower level 51(68.0%) 31(68.9%) 82 (68.3%)
Higher level 34(32.0%) 14(31.1%) 38(31.7%)
Occupation

40 (53.3%) 16(35.6%) 56 (46.7%)
35(46.7%) 29 (64.4%) 64 (53.3%)

Stable income

Unstable income

The onset of the pain in the majority (91, 75.8%)
was gradual and the remaining ones (29, 24.2%) report-
ed a sudden onset. Pain radiation to the other side was
reported by 47 (39.2%) patients. The intensity of the
pain using the visual analogue score (VAS) ranged from
13 to 100 with a mean of 47.27 + 5.66. Most (44, 36.7%)
patients experienced sharp pain (Fig 1). The factors that
aggravated pain included chewing (105, 87.5%), tooth
brushing (70, 58.3%), speaking/talking (63, 52.5%), and
washing face (14, 11.7%). Most (72, 60%) patients took
medication for pain relief, other methods included rest-
ing (59, 49.2%) and massaging the painful region (4,
3.3%). The common causes of non-odontogenic oro-
facial pain were trauma (52, 43.3%), malignant lesions
(46, 38.3%), inflammatory conditions (11, 9.2%), neu-
ralgia (7, 5.8%) and myofascial pain disorder (4, 2.3%)
(Fig. 2).
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Fig. 1. Distribution of patients with non-odontogenic
orofacial pain according to the nature of pain experienced
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Fig. 2. Percentage distribution of patients according to the
cause of non-odontogenic orofacial pain

A statistically significant association between causes
of non-odontogenic pain and socio-demographic char-
acteristics of the patients was observed (p < 0.05). Trau-
ma was the most common cause of pain orofacial pain
in males, individuals aged less than 40 years, and those
with a stable source of income. Malignant conditions
were the cause of pain in females and those aged above
40 years. Myofascial pain disorder was predominantly
noted in females (Table 2). With an exception of neural-
gia, non-odontogenic pain due to all causes was most-
ly of gradual onset, with mild to moderate intensity and
aggravated by chewing (Table 3).

Discussion

Non-odontogenic orofacial pain (NOFP) is a result of
pathology, or injury to the structures in the orofacial re-
gion including the muscles, temporomandibular joint,
neurovascular structures, and the glands.® Thus, the ae-
tiology of non-odontogenic pain can be trauma to the
facial structures, idiopathic (burning mouth syndrome),
orofacial neoplasms, inflammatory conditions (sinusi-
tis), and psychogenic.!' The pain of non-odontogenic
cause is not a common entity, with a reported preva-
lence of less than 10% from different studies, similarly
in the current study a low incidence (3.3%) was ob-
tained.>!>*?

The findings of this study depicted that the com-
mon causes of NOFP in our setting were trauma, neo-
plastic conditions, and inflammatory conditions. This is
contrary to findings from Nigeria which reported infec-
tive process, neoplasia, and psychological stress as the
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Table 2. Causes of non-odontogenic pain in respect to the sociodemographic characteristics of the patients

Causes of non-odontogenic pain

Socio-demographic

characteristics Trauma Malignancies Inﬂa.njmatory Neuralgia Myofascial pain ~ p-value
n (%) n (%) conditions n (%) n (%) n (%)

Sex
Male 48 (64%) 19 (25.3%) 6 (8%) 2 (2.7%) - <0.001
Female 4 (8.9%) 27 (60%) 5(11.1%) 5(11.1%) 4 (8.9%)

Age group
<40years 44 (72.1%) 11 (18%) 4 (6.6%) 1(1.6%) 1(1.6%)
41-60 years 8 (26.7%) 14 (46.7%) 4 (13.3%) 3 (10%) 1(3.3%) <0.001
> 60 years - 21 (72.4%) 3(10.3%) 3(10.3%) 2 (6.9%)

Income
Stable 33 (58.9%) 13 (23.2%) 6 (10.7%) 2 (3.6%) 2 (3.6%) 0.01
Unstable 19 (29.7%) 33 (51.6%) 5(7.8%) 5(7.8%) 2(3.1%)

Education
Low level 32 (39%) 41 (50%) 4 (4.9%) 4 (4.9%) 1(1.2%) 0.001
High level 20 (52.6%) 5(13.2%) 7 (18.4%) 3(7.9%) 3 (7.9%)

Table 3. Distribution of patients according to clinical characteristics of pain from different causes

Causes of non-odontogenic pain

Clinical characteristics Trauma Malignancies Inflammatory Neuralgia Myofascial pain
n (%) n (%) conditions n (%) n (%) n (%)
Onset
Gradual 39 (75%) 39 (84.8%) 9 (81.8%) 1(14.3%) 3 (75%)
Sudden 13 (25%) 7 (15.2%) 2(18.2%) 6 (85.7%) 1(25%)
Nature of pain
Burning - 22 (47.8%) 2(18.2%) - -
Shar 39 (75%) 2(18.2%) - -
P 26.7% 3 (6.5%)
Throbbing 3 (5.8%) 5(10.9%) 2(18.2%) - -
Shock-like - 7 (100%) -
Boring/Piercing 9(17.3%) 5 (32.6%) 4 (36.3%) - -
Pounding 1(1.9%) 1(2.2%) 1(9.1%) - -
Dull - - - - 4 (100%)
Intensity
Mild 40 (76.9%) 17 (37%) 5 (45.5%) - 2 (50%)
Moderate 12 (23.1%) 15 (32.6%) 2(18.2%) 1(14.3%) 1 (25%)
Severe - 14 (30.4%) 4 (36.4%) 6 (85.7%) 1(25%)
Aggravating factor
Chewing 49 (94.2%) 37 (80.4%) 9 (81.8%) 6 (85.7%) 4 (100%)
Brushing 36 (69.2%) 24 (52.2%) 3(27.3%) 6 (85.7%) 1 (25%)
Speaking 30 (57.7%) 21 (45.7%) 4 (36.4%) 7 (100%) 1(25%)
Washing face 2 (3.8%) 5(10.9%) - 7 (100%) 4 (100%)
Reliving factor
Medication 43 (87.2%) 21 (45.7%) 4 (36.4%) 2 (28.6%) 2 (50%)
Resting 36 (69.2%) 9 (19.6%) 7 (63.6%) 3 (42.9%) 4 (100%)
Massaging - - 1(9.1%) - 3(75%)

leading cause. A study from India found the common
causes of NOFP were temporomandibular joint disor-
ders, facial pain, and oral sores.>** The different causes of
NOFP as seen in different studies, including the current
one can be attributed to the environmental and socio-
cultural differences in the study population, and design

of the studies (retrospective vs prospective, duration,
and setting).

In this study, it was illustrated that there was a sta-
tistically significant association between the causes of
NOFP and the sociodemographic characteristics of the
patients. Trauma as the leading cause of the pain was
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more common in males and young individuals with sta-
ble income. Several local and international studies have
reported that males and young individuals are prone to
orofacial injuries due to their risk-taking behaviour and
tendency of being active and remaining outdoors.'>2!

Malignant conditions of the orofacial region were
the second most common cause of NOFP. Females, el-
derly individuals aged above 60 years, and those with
unstable income were more affected. It was not surpris-
ing to find that most patients who suffered from NOFP
due to neoplastic conditions had an unstable income,
because, most individuals with malignancy were elder-
ly, who could not work, due to their debilitating physi-
cal condition caused by their ailment. Though previous
epidemiological studies from the setting of the current
study pointed out males were more affected with ma-
lignant conditions, in this study females reported more
with NOFP due to malignant conditions.?>* These find-
ings may indicate a shift in the trend of orofacial ma-
lignancies or easy accessibility of hospital services to
females compared to what was in the past. Another rea-
son can be the mere fact that females have a lower pain
threshold compared to males, thus most of the males
with malignancy did not complain of pain, therefore,
were not included in this study.*

In this study, inflammatory conditions included an
array of pathologies that affected the; TMJ (TM] arthri-
tis), salivary glands (sialadenitis), and sinuses (sinusitis).
Inflammation is the physiological response of the body
to injury which can be either acute or chronic and the
NOFP due to inflammatory conditions is often chron-
ic.!"» There is evidence in humans that some chronic
pain conditions reflect a heightened central excitato-
ry state, resulting from a decrease in central inhibitory
control mechanisms.”® Animal studies have shown that
central sensitization is associated with a reduction in
descending inhibition and enhancement of descending
facilitation from some structures.” Due to central sensi-
tization, the neuronal hyperexcitability may not be read-
ily reversible and may become sustained resulting in a
chronic state of nociceptive neuronal hyperexcitability.”

Pain can either be of sudden onset which begins
within a few seconds and steadily increases in severity
over the next several minutes, or of gradual onset which
begins slowly and becomes more severe only after sev-
eral hours or even days have elapsed.?® The findings of
the current study depicted that with an exception of
neuralgia, the NOFP due to the rest of the causes was of
gradual onset. These findings are supported by literature
which reports that neuralgia is usually of sudden onset
and that pain of gradual onset is commonly associated
with neoplasms, trauma, and chronic inflammatory pro-
cesses.!128%

In this study, the diverse clinical characteristics of
NOFP due to different causes as shown in Table 3 may

be partly explained by pain transmitting fibers. It is a
fact that the majority of nociceptive impulses from the
orofacial region are mainly (but not exclusively) medi-
ated by the trigeminal nerve, which has both the A- and
C-fibers.® The A-fibers are fast conducting myelinated
fibers and result in a short-lasting-sharp-pricking type
of pain sensation, while the C-fibers are slow conducting
unmyelinated fibers which often results in poor localiza-
tion and dull pain sensation.’*®*" Chronic inflammatory
pain which can be due to malignancy and trauma is typ-
ically mediated by C-fibers, while A-fibers mediate neu-
ropathic pain.’*3

The intensity of the pain ranged from mild to severe.
The malignant conditions had a wide range of intensity
from mild to severe. A major concept in the level of pain
in malignant lesions is dependent on the stage of pres-
entation of the condition, The more advanced the lesion
the more the intensity of the pain.* In the current study
of the patients with malignant conditions presented to
us late with advanced lesions. Thus moderate to severe
intensity of pain was not a surprising finding. Most pa-
tients with trauma had mild to moderate pain intensity.
These findings are concurrent to the report by Dilunga
et al.*® One of the possible explanations for this may be
because most patients who were seen in our setting had
sustained trauma more than 3 days before reporting to
us, as such the acute inflammatory phase had waned off
hence less severe pain.

Study limitation

There were certain limitations in the study that should
be mentioned. First, the cross-sectional study de-
sign cannot infer the causative effect of the variables
strongly. Secondly, the study data were collected from
a single tertiary hospital as such patients with mild
chronic pain in the community might not have come
to the particular center for management. However,
despite these limitations, the results from the current
study are very valuable as they provide very useful in-
formation to the clinicians and thus making it easier
for them to have a high suspicion index for coming up
with a cause of orofacial pain when an odontogenic
cause is not found.

Conclusion

The incidence of non-odontogenic orofacial pain is low,
however, it is important to take into cognizance, the ex-
istence of such pain for adequate diagnosis and man-
agement of patients. Trauma and malignant conditions
are the leading causes of NOFP. There was a statistically
significant association between the cause of NOFP and
sociodemographic characteristics of patients. Most of
the patients with NOFP have the pain of gradual onset
which is of mild to moderate intensity.
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ABSTRACT

Introduction and aim. The aim of this study is to evaluate the effects of topical lidocaine application for nasopharyngeal sam-
pling, on pain perception, the comfort of the patients, and the application difficulty for healthcare staff.

Material and methods. This study conducted with 100 healthy volunteers (50 participants in Lidocaine group and 50 partici-
pants in Placebo group). Two ml of a solution containing 10 mg/ml of lidocaine was applied to each nostril of the participants
in the Lidocaine group, and the same dose of 0.9% NaCl to the Placebo group. We compared the changes in pain intensity and
discomfort intensity using two numerical rating scales, the frequency of undesirable reactions, and the judgment of the prac-
titioner staff.

Results. There were statistically significant decreases in pain and discomfort scores in the Lidocaine group. Similarly, there were
statistically significant decreases in the frequency of all undesirable reactions except “grimace”, in the second sampling in the
Lidocaine group, however, there was a statistically significant decrease only in “holding staff’s hand” in second sampling in the
Placebo group.

Conclusion. Intranasal lidocaine application reduces the pain that occurs during nasopharyngeal sampling and makes the pro-
cedure easier for the patient and the healthcare worker.

Keywords. COVID-19 testing, lidocain, nasopharynx, swab

Introduction polymerase chain reaction (PCR) test, which is accepted

The Coronavirus Disease 2019 (COVID-19) pandemic
has had different effects on emergency service."* Emer-
gency medicine staff take part in the diagnosis and
treatment of COVID-19.*¢ Performing nasal or naso-
pharyngeal sampling for the polymerase chain reaction
(PCR) test in suspected cases presenting to the emer-
gency department is one of the tasks performed by the
emergency department staff within this period.**
Nasopharyngeal sampling is used in the diagno-
sis of many respiratory diseases. It is also used for the

as the current standard procedure of case detection in
the COVID-19 pandemic.”® Failure to use an appropri-
ate technique in this diagnostic method for COVID-19
cases may cause false-negative results.” Although it is a
generally safe diagnostic method, the application of this
test, which is performed millions of times a day global-
ly due to the pandemic, without using the correct tech-
nique can cause a serious number of complications."
McElfish et al. aimed to investigate the perceived
barriers to COVID-19 testing, and they reported that the
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people’s perception of the nasal swab method is irritat-
ing and too painful is one of the primary barriers to test-
ing." The general opinion of participants is that this test
is painful and uncomfortable, a more “patient-friend-
ly” method can convince more people to take the test,
and researchers should find a “new test method” for this
purpose.' If there is no chance of contactless sampling,
the staff being at a distance of less than 2 meters to the
case creates a low risk of contamination even if they
have sufficient personal protective equipment.’ The less
pain and more compliant the patient is; the easier nasal
swab will be applied. This may also reduce the risk of
case-to-healthcare worker transmission, because of re-
ducing the potential aerosol-generating characteristic
of nasopharyngeal sampling."® Lidocaine has been used
for local anesthesia of the nasopharynx, and has been
found to be effective and safe in different studies for dif-
ferent purposes, but, to the best of our knowledge, not
nasopharyngeal swab sampling.'*** However, Kanodia
et al. studied to evaluate the effects of topical lignocaine
application on the patient’s comfort in oropharyngeal
swab sampling for COVID-19.'¢

Aim

Our study aimed to evaluate the effects of topical lido-
caine application for nasopharyngeal sampling, on pain
perception, the comfort of the individuals, and the ap-
plication difficulty for healthcare staff.

Material and methods

Study design and setting

This study is a prospective randomized placebo-con-
trolled study with restricted randomization of an alloca-
tion ratio of 1:1. We used Random Allocation Software
(RAS) for randomization."” The study was conducted fol-
lowing the CONSORT guideline and the tenets of the
Declaration of Helsinki at our Emergency Department
between 01.09.2020 and 30.09.2020 after obtaining the
approval of the Clinical Research Ethics Committee.'® We
have been registered in a clinical trial database (Clinical-
Trials.gov Identifier: NCT04885777). Also, the written in-
formed consent of all participants was obtained.

The study population consisted of 100 healthy vol-
unteers, 50 individuals in the Lidocaine group, and 50
individuals in the Placebo group. Initially, we evaluated
all participants for eligibility by the inclusion and exclu-
sion criteria. The inclusion criteria of the study were: (1)
being 18 years and older, and (2) volunteering to par-
ticipate in the study. The exclusion criteria of the study
were: (1) taking analgesic drugs before admission, (2)
pregnancy, (3) lactation, (4) having a bleeding disorder,
(5) known allergy to Lidocaine, (6) previous nasal trau-
ma or operation, (7) having respiratory tract infection
symptoms (such as fever, headache, runny nose, sore
throat, cough, sneeze, breathlessness), and (8) having a

chronic disease (diabetes, cancer, heart disease, asthma,
COPD, etc.).

Allocation to the study arms was performed using
sealed and opaque envelopes to ensure allocation con-
cealment. The participants were allocated using the ran-
dom allocation sequence list which we generated via
RAS software.

Measurements

The sample collection procedure was categorized into
four steps, which were; (1) inserting the swab in the nos-
tril, (2) hitting the back of the nasopharyngeal cavity, (3)
rotating five times, and (4) removing slowly. To evaluate
the placebo effect, we performed two-stage sampling pro-
cedure. Initially, a naso pharyngeal swab was performed
on each group without any intervention. We waited at
least one hour for the second sample collection. If the
participant was still in pain or felt discomfort due to the
first sampling, the waiting time has been extended. At this
stage, one ml of a solution containing 20 mg/ml of lido-
caine (Aritmal %2, OSEL Ilag San. ve Tic. A.S., Turkey),
was applied to each nostril of the participants in the Li-
docaine group. Thus, a total of 40 mg of lidocaine, 20 mg
for each nostril, was given to the individuals of the Lido-
caine group. The Placebo group received only a total of
2 ml of 0.9% NaCl (one ml for each nostril). The second
samples were collected after waiting 5 minutes following
the administration of the solution. All participants were
instructed not to eat or drink for 30 minutes following
the sampling procedure to avoid the risk of aspiration.
All these procedures were performed by two emergen-
cy medicine physicians. We did not send the samples to
any laboratory test. All used swabs were disposed of in a
medical waste box following the healthcare waste-man-
agement policy of our hospital.

To provide double-blinding, all solutions (both with
and without Lidocaine) were previously prepared in
coated 5 ml syringes without needle (BD Biosciences,
USA), and numbered these syringes consecutively by
an independent physician. Participants and performer
physicians did not know the group number represents
which solution until inputting the study data.

Age (year) and sex of the participants were recorded.
There are four primary outcomes of the study. The first
and second are the changes in the severity of pain and
discomfort that were felt during the sampling procedure.
These outcomes were measured via a paper question-
naire that had two Numerical Rating Scale (NRS) which
the first one is for pain intensity and the second one is for
discomfort intensity. The NRSs were 100 mm scales rang-
ing from 0 to 10 (0 as the absence of pain/discomfort and
10 as unbearable pain/discomfort). We gave the question-
naire to the participants and explained how to perform.
The scores were recorded two times by the participants
after the first and second sampling processes.
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The third primary outcome is the frequency of un-
desirable reactions during sample collection. We re-
corded head retraction, holding practitioner staff’s
hand, grimace, cough, and sneeze as the undesirable re-
action during the sampling procedure.

The fourth primary outcome is the judgment of the
practitioner staff about the sampling procedure. We in-
cluded the appropriateness and the difficultness of the
sample collection procedure, for this outcome. If four
steps of the sampling procedure (inserting in the nos-
tril, hitting the back of the nasopharyngeal cavity, ro-
tating five times, and removing) have been completed
successfully, practitioner staff defined the sampling as
appropriate. If one or more of these steps has not been
completed, the staff retried one more time. If still there
has been a problem in these steps, the staff defined the
procedure as inappropriate. The practitioner staff per-
formed a five-point Likert scale (1-minimally difficult,
2-slightly difficult, 3-moderately difficult, 4-substantial-
ly difficult, 5-extremely difficult) for measuring the dif-
ficultness of the procedure.

Statistical analysis

We calculated the minimum required sample size us-
ing G Power 3.1 software as 41 individuals in each study
group (totally of 82 participants with an allocation ra-

tio of 1:1), with a medium effect size of 0.5, type 1 error
of 0.05, and a power of 0.80 for Mann-Whitney U Test
. Also, we calculated the sample size as 31 individuals
(for each group) with the same parameters for Wilcoxon
Signed Rank Test. After then, we performed one more
calculation for McNemar Test with an Odds ratio of 3,
type 1 error of 0.05, a power of 0.80, and a total pro-
portion of expected discordant pairs, and we found the
minimum required sample size as 39 for this test. Final-
ly, we approved the minimum required sample size for
the study was 82 (41 people in each group).

Statistical analyses were conducted using the SPSS
version 20 statistical software (IBM Corp. in Armonk,
NY). Descriptive data are presented as mean with stan-
dard deviation and median with interquartile range for
numerical variables, and the frequency with percentage
for categorical variables. Shapiro-Wilk and Kolmogorov
- Smirnov tests were used to evaluate the distribution of
the numeric data. Independent-Samples Mann-Whit-
ney U test was used for comparing non-normally dis-
tributed numeric and ordinal data between Lidocaine
and Placebo groups. Related-Samples Wilcoxon Signed
Rank Test was used for comparing non-normally dis-
tributed numeric and ordinal data among first and sec-
ond samplings. Pearson chi-square and Fisher’s Exact
Test were used for comparing categorical variables be-

Assessed for eligibility (n=111)

Excluded (n=11)
* 2 taking analgesic drugs before

admission
* 2 pregnancy
»| o | lactation

* 3 previous nasal trauma or
operation

* 3 having respiratory tract
infection symptoms

Randomized (n= 100)

A 4

Allocated to Lidocaine group (n= 50)

®  Received intervention (n= 50)

h 4

Discontinued intervention (n= 0)

Analyzed (n=50)

Fig. 1. CONSORT flow diagram of study

A4

Allocated to Placebo group (n= 50)

®  Received intervention (n= 50)

Y

Discontinued intervention (n=0)

Analyzed (n= 50)
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tween two study groups. Related-Samples McNemar
Test was used for comparing categorical variables be-
tween first and second samplings. p<0.05 was consid-
ered as the statistically significant level.

Results
This study was conducted with healthy volunteers. We
assessed the participants for eligibility according to the
inclusion and exclusion criteria. After excluding 11 in-
dividuals, 100 people were randomized into two study
arms half and half. There was no lost to follow-up, and
we analyzed all 100 participants” data (Fig. 1).

The mean age of participants was 34.5+9.8 years and
35.418.9 years, and the males were 30.0% and 33.0% in
Lidocaine and Placebo groups, respectively (Table 1).

Table 1. Demographics of the patients

Lidocaine Placebo
group (n=50) group (n=50)

Demographics

Age (years)

Mean + SD 345+9.8 35.4+£8.9

Median (IQR) 32.0 (26.0- 36.0 (27.8-
42.3) 40.3)

Sex (male), n (%) 30 (60.0) 33 (66.0)

SD - standard deviation, IQR - interquartile range

In the first sampling process, pain and discomfort
scores were statistically similar in both Lidocaine and
Placebo groups. In the second sampling, there were sta-
tistically significant decreases in pain and discomfort
scores when compared to the first sampling procedures
in the Lidocaine group (p<0.001 and p<0.001, respec-
tively). However, pain and discomfort scores were statis-
tically similar among first and second samplings in the
Placebo group (Table 2).

The frequencies of all undesirable reactions were
statistically similar among the Lidocaine group and
the Placebo group in the first sample collection. There
were statistically significant decreases in the frequen-
cy of head retraction, holding staft’s hand, coughing,
and sneezing in second sampling when compared to
first sampling in the Lidocaine group (<0.001, <0.001,
<0.001, and <0.001, respectively). However, there
was a statistically significant decrease only in holding
staff’s hand in second sampling in the Placebo group
(p=0.004). On the other hand, there was no statistically
significant difference in grimace between first and sec-
ond sampling processes both in Lidocaine and Placebo
groups (Table 3).

Table 4 presents health staff’s judgments on sam-
pling procedure. The appropriateness rate of the first
sampling process was statistically similar according to

59
Table 2. Comparison of pain and discomfort scores
Placebo Lidocaine
Variables group group p*
(n=50) (n=50)
Mean
6.3+2.2 6.1+2.0 0.756
Pain scorein first +SD
sampling Median
6.0 (5.0-8.0) 6.5 (5.0-8.0
(IQR) ( ) ( )
_ . Mean 5102 1017 -
Pain score in +SD
d li i
secondsampling Median ¢\ ) 6 0) 2.0 (1.0-2.0)
(IQR)
p** 0.309 <0.001
Meant 0123 71419 0813

Discomfortscore  SD

in first samplin i
pling - Median 5 .0y 7.0 (6.0-8.3)

(IQR)
. Mean =
Discomfort score D 6.7+2.2 2.0+1.8 -
in.second sam- Median
pling (IQR) 7.0 (5.0-9.0) 2.0 (0.0-3.0)
p** 0.226 <0.001

SD - standard deviation, IQR - interquartile range, *
independent-samples Mann-Whitney U test was used, **
related-samples Wilcoxon signed rank test was used

Table 3. Comparison of patient reactions

Placebo Lidocaine

Variables group group p
(n=50) (n=50)
- "
Head retraction in first 36(720) 32 (64.0) 0.391

sampling, n (%)

Head retraction in sec-
ond sampling, n (%)
p** >0.999 <0.001

36(72.0) 5(10.0)

Holding staff’s hand in 20 (40.0) 14 (28.0) 0.205*
first sampling, n (%)

Holding staff’s hand in
second sampling, n (%)
p** 0.004 <0.001

8(16.0) 0(0.0) -

Grimace in first sam- 47 (94.0) 46(92.0) >0.999***
pling, n (%)
Grimace in second sam- 48 (96.0) 44 (88.0) -

pling, n (%)

p** >0.999 0.754

Cough in first sampling, 18 (36.0) 25(50.0) 0.157*%
n (%)

Coughin second sam- 13 (26.0) 4(8.0) -
pling, n (%)

p** 0.063 <0.001

Sneeze in first sampling, 12 (24.0) 14(28.0) 0.648*
n (%)

Sneeze in second sam- 18 (36.0) 0(0.0) -
pling, n (%)

p** 0.238 <0.001

* Pearson chi-square test was used, **related-samples
McNemar test was used, *** Fisher’s exact test was used
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health staff among the two study groups. Also, there was
no statistically significant difference in the appropriate-
ness between the first and the second samplings both in
Placebo and Lidocaine groups.

Table 4. Comparison of staff’s judgments

Placebo Lidocaine
Variables group group p
(n=50) (n=50)

Appropriateness of first >0.999*
sampling, n (%)

Appropriateness of sec- i
ond sampling, n (%) 48(96.0) 49(98.0)

46 (92.0) 45 (90.0)

p** 0.625 0.219
leﬁculty of first sam- 0.649%%*
pling, n (%)
Minimal 9(18.0) 7 (14.0)
Slight 8(16.0) 11 (22.0)
Moderate 16(32.0) 19(38.0)
Substantial 10(20.0) 8(16.0)
Extreme 7 (14.0) 5(10.0)
Difficulty of second sam-
pling, n (%) )
Minimal 3 (6.0) 26 (52.0)
Slight 14 (28.0) 15(30.0)
Moderate 15(30.0) 6(12.0)
Substantial 13 (26.0) 3(6.0)
Extreme 5(10.0) 0(0.0)

pFH** 0.589 <0.001

* Pearson chi-square test was used, **related-samples
McNemar test was used, *** independent-samples Mann-
Whitney U test was used, **** related-samples Wilcoxon
signed rank test was used

The difficulty of first sample collection was statistically
similar among Placebo and Lidocaine groups according
to staff opinion. However, practitioner staff expressed
that the second sampling process was easier than the
first sampling in the Lidocaine group. This difference
was statistically significant (<0.001). Besides this, staff
found the difficulty of first and second sampling proce-
dures similar in the Placebo group (Table 4).

Discussion

Although we found that the pain and discomfort scores
were similar among the two study groups before the in-
tervention, there were statistically significant decrease
in pain and discomfort scores only in the Lidocaine
group after intervention. Similarly, there were statisti-
cally significant decreases in the frequency of all unde-
sirable reactions except grimace, in the second sampling
in the Lidocaine group, however, there was a statistically
significant decrease only in holding staft’s hand in sec-
ond sampling in the Placebo group. The practitioner
staff expressed that the second sampling was easier than
the first in the Lidocaine group, but the difficulties of the
first and second sampling processes were similar in the

Placebo group. Besides, they decided that the appropri-
ateness of the first and second procedures were similar
both in the Lidocaine group and Placebo group.

Among the important control approaches to com-
bating the COVID-19 pandemic is increasing the num-
ber of tests to detect as many cases as possible.” In
COVID-19 diagnostic testing, upper respiratory tract
(URT) samples such as nasal, nasopharyngeal, and oro-
pharyngeal samples are recommended at the first stage.
However, it is recommended to take lower respiratory
tract samples in patients with negative results in URT
samples and still clinically suspected COVID-19.2* Na-
sal (middle turbinate), oropharyngeal, and nasopha-
ryngeal sample collection are acceptable alternative
methods for PCR, although nasopharyngeal sample
collection is generally recommended by the Center for
Disease Prevention and Control and the World Health
Organization.”* The nasopharyngeal swab is a wide-
ly used specimen worldwide, because of its high-grade
sensitivity.” However, due to the difficulties in applica-
tion, methods based on other body fluids or regions are
also preferred. >%

In our study, we found that the use of local anesthet-
ic will facilitate nasopharyngeal sampling, both for the
patient and for the healthcare personnel. For patients,
less pain and more comfort during sampling may be
a cause to overcome the prejudgments and barriers to
testing.!" For healthcare workers, sampling performed
in a shorter time and without more repetition, patients’
resistance and/or undesirable reactions, may reduce the
workload and transmission caused by sampling.”"?

It may be thought that the application of local anes-
thetic before sampling may increase the waiting time of
the patients for the test. This is important because sus-
pected cases staying together for too long will increase
the risk of COVID-19 transmission to potential nega-
tives during testing.? However, our findings showed that
only a 5-minute wait may provide adequate anesthesia.
Also, lidocaine, which we used as the local anesthetic in
our study, is easily available, and its intranasal applica-
tion is a safe option.”>” The most important reason for
choosing lidocaine in our study is its short-acting effect
as well as its sufficient effect during the procedure.” Lo-
cal anesthetics reduce pain by binding voltage-gated so-
dium channels and blocking the excitation threshold of
nociceptive afferent neurons, and inhibit the inflamma-
tory cascade in the dorsal horn of the spinal cord, which
sensitizes the free-end nociceptor, thereby reducing ex-
cessive excitability.”® A long-acting nasopharyngeal lo-
cal anesthetic may increase the risk of adverse effects
such as aspiration pneumonia due to ingestion of drug
downward from the nasopharynx, and the risk of other
systemic side effects.?**° This may create significant con-
troversy in particular for COVID-19, the most import-
ant clinical presentation of which is pneumonia.
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Limitations

This study has several limitations. The first is that the
study is a single-center study with relatively small sam-
ple size. This negatively affects the external validity of
the study. On the other hand, because the study was
conducted with healthy volunteers, we cannot say exact-
ly that lidocaine will provide similar effects in the “real”
patients. In placebo-controlled studies, “the placebo ef-
fect” may be an essential confounder. In our study, we
repeated the nasopharyngeal sampling twice, before and
after the intervention, to get ahead of this potential bias.
The results show us that there is no significant placebo
effect in our study design. On the other hand, we did not
evaluate the effect of lidocaine or isotonic saline appli-
cation on the result of the test, such as PCR. However,
the aim of our study is only to examine the convenience
of lidocaine in the application of nasopharyngeal swab,
Kanodia et al.' reported that oropharyngeal lignocaine
application for oropharyngeal swab sampling did not
change the SARS-CoV-2 viral load in RT-PCR test of
the COVID-19 patients.

Conclusion

Considering that its effect on diagnostic test such as
PCR has not been evaluated, intranasal lidocaine appli-
cation reduces the pain that occurs during nasopharyn-
geal sampling and makes the procedure easier for the
patient and the healthcare worker. Studies with broad
participation in which the effects of the use of local an-
esthetics before sampling on diagnostic tests such as
PCR are also investigated, may pave the way for devel-
opments in this area.

Declarations

Funding

The authors declared that this study has received no fi-
nancial support or any funding.

Author contributions

Conceptualization, K.A.O. and C.Z.; Methodology, D.S.
and T.D,; Software, D.S.; Validation, T.D., C.Z.; Formal
Analysis, D.S.; Investigation, K.A.O.; Resources, I.A,;
Data Curation, D.S.; Writing — Original Draft Prepa-
ration, T.D.; Writing - Review& Editing, .A. and T.D.;
Visualization, C.Z.; Supervision, C.Z.; Project Adminis-
tration, K.A.O.

Conflicts of interest
The author(s) declare no competing interests.

Data availability

The data sets generated during and/or analyzed during
the current study are available from the corresponding
author on reasonable request.

Ethics approval

The study was conducted following the CONSORT
guideline and the tenets of the Declaration of Helsin-
ki at our Emergency Department between 01.09.2020
and 30.09.2020 after obtaining the approval of the Atat-
urk University Clinical Research Ethics Committee. We
have been registered in a clinical trial database (Clini-
calTrials.gov Identifier: NCT04885777). Also, the writ-
ten informed consent of all participants was obtained.

References

1. Niforatos JD, Chaitoff A, Zheutlin AR, Feinstein MM, Raja
AS. Barriers to emergency department usage during the
COVID-19 pandemic. ] Am Coll Emerg Physicians Open.
2020;1:1261-1268.

2. Pines JM, Zocchi MS, Black BS, et al. The effect of the
COVID-19 pandemic on emergency department visits
for serious cardiovascular conditions. Am ] Emerg Med.
2021;47:42-51.

3. Nourazari S, Davis SR, Granovsky R, et al. Decreased hos-
pital admissions through emergency departments during
the COVID-19 pandemic. Am ] Emerg Med. 2021;42:203-
210.

4. Carpenter CR, Mudd PA, West CP, Wilber E, Wilber ST.
Diagnosing COVID-19 in the Emergency Department:
A Scoping Review of Clinical Examinations, Laboratory
Tests, Imaging Accuracy, and Biases. Acad Emerg Med.
2020;27:653-670.

5. Tolia VM, Chan TC, Castillo EM. Preliminary Results of
Initial Testing for Coronavirus (COVID-19) in the Emer-
gency Department. West ] Emerg Med. 2020;21:503-506.

6. Mehta N, Mazer-Amirshahi M, Alkindi N, Pourmand A.
Pharmacotherapy in COVID-19; A narrative review for
emergency providers. Am ] Emerg Med. 2020;38:1488-
1493.

7. Petruzzi G, De Virgilio A, Pichi B, et al. COVID-19: Nasal
and oropharyngeal swab. Head Neck. 2020;42:1303-1304.

8. Tsujimoto Y, Terada J, Kimura M, et al. Diagnostic accu-
racy of nasopharyngeal swab, nasal swab and saliva swab
samples for the detection of SARS-CoV-2 using RT-PCR.
Infect Dis (Lond). 2021:1-9.

9. Zedtwitz-Liebenstein K. Correctly performed nasal swabs.
Infection. 2021:1-2.

10. Foh B, Borsche M, Balck A, et al. Complications of na-
sal and pharyngeal swabs - a relevant challenge of the
COVID-19 pandemic? Eur Respir J. 2021;57(4):2004004.

11. McElfish PA, Purvis R, James LP, Willis DE, Andersen JA.
Perceived Barriers to COVID-19 Testing. Int ] Environ Res
Public Health. 2021;18(5):2278.

12. Brandt MP, Jager W, Epple S, Haferkamp A, Schroder A.
SARS-CoV-2 outbreak in medical employees in a large
urologic department: Spread, containment and outcome.
Am J Infect Control. 2021;49:674-677.

13. Pasomsub E, Watcharananan SP, Boonyawat K, et al. Sa-
liva sample as a non-invasive specimen for the diagnosis


https://creativecommons.org/licenses/by/4.0/

62

European Journal of Clinical and Experimental Medicine 2022; 20 (1): 5662

14.

15.

16.

17.

18.

19.

20.

21.

22.

of coronavirus disease 2019: a cross-sectional study. Clin
Microbiol Infect. 2021;27:285.e1-.e4.

Yu X, Wang ], Huang L, Yu X, He Z. Efficacy and safety
of bupivacaine versus lidocaine in local anesthesia of
the nasopharynx: A meta-analysis. Am ] Rhinol Allergy.
2016;30:176-180.

Ozkiris M, Aydin R, Gencer ZK, Saydam L. Comparison
of topical anesthetic effects of lidocaine, prilocaine, ropiv-
acaine, and bupivacaine in transnasal fiberoptic nasophar-
yngolaryngoscopy. Am ] Rhinol Allergy. 2014;28:e141-e143.
Kanodia A, Srigyan D, Sikka K, et al. Topical lignocaine
anaesthesia for oropharyngeal sampling for COVID-19.
Eur Arch Oto-Rhino-Laryngol. 2021;278:1669-1673.
Saghaei M. Random allocation software for parallel group
randomized trials. BMC Med Res Methodol. 2004;4:26.
Schulz KE, Altman DG, Moher D. CONSORT 2010 state-
ment: updated guidelines for reporting parallel group ran-
domised trials. BMJ. 2010;340:c332.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a
flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods.
2007;39:175-191

Vandenberg O, Martiny D, Rochas O, van Belkum A, Ko-
zlakidis Z. Considerations for diagnostic COVID-19 tests.
Nat Rev Microbiol. 2021;19:171-183.

World Health Organization. Diagnostic testing for SARS-
CoV-2: interim guidance, 11 September 2020. World
Health Organization. https://apps.who.int/iris/bitstream/
handle/10665/334254/WHO-2019-nCoV-laboratory-
2020.6-eng.pdf. Accessed 20 March 2021.

Centers for Disease Control and Prevention. Inter-
im Guidelines for Collecting and Handling of Clinical
Specimens for COVID-19 Testing. Centers for Disease

24.

25.

26.

27.

28.

29.

30.

Control and Prevention. https://www.cdc.gov/coronavi-
rus/2019-nCoV/lab/guidelines-clinical-specimens.html.
Accessed 20 March 2021.

. Bwire GM, Majigo MV, Njiro BJ, Mawazo A. Detection

profile of SARS-CoV-2 using RT-PCR in different types of
clinical specimens: A systematic review and meta-analysis.
J Med Virol. 2021;93:719-725.

Zou L, Ruan F, Huang M, et al. SARS-CoV-2 Viral Load in
Upper Respiratory Specimens of Infected Patients. N Engl
J Med. 2020;382:1177-1179.

Butler-Laporte G, Lawandi A, Schiller I, et al. Compar-
ison of Saliva and Nasopharyngeal Swab Nucleic Acid
Amplification Testing for Detection of SARS-CoV-2: A
Systematic Review and Meta-analysis. JAMA Intern Med.
2021;181:353-360.

Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann
H]J. Physical distancing, face masks, and eye protection to
prevent person-to-person transmission of SARS-CoV-2
and COVID-19: a systematic review and meta-analysis.
Lancet. 2020;395:1973-1987.

Chi PW, Hsieh KY, Chen KY, et al. Intranasal lidocaine for
acute migraine: A meta-analysis of randomized controlled
trials. PLoS One. 2019;14:€0224285.

Covino BG, Giddon DB. Pharmacology of local anesthetic
agents. | Dent Res. 1981;60:14549.

Dickerson DM, Apfelbaum JL. Local Anesthetic Systemic
Toxicity. Aesthet SurgJ. 2014;34:1111-1119.

Neal JM, Barrington MJ, Brull R, et al. The Second ASRA
Practice Advisory on Neurologic Complications Associat-
ed With Regional Anesthesia and Pain Medicine: Execu-
tive Summary 2015. Reg Anesth Pain Med. 2015;40:401-
430.


https://creativecommons.org/licenses/by/4.0/

© Wydawnictwo UR 2022
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2022.1.9

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine
Eur J Clin Exp Med 2022; 20 (1): 63-69

ORIGINAL PAPER

Adesola Ojo Ojoawo ©@ ', Blessing Ige !, Kanode Kunnuji 2

Muscle energy technique and static stretching in patients
with mechanical neck pain - a randomized study

! Department of Medical Rehabilitation, Faculty of Basic Medical Sciences, College of Health Sciences, Obafemi
Awolowo University, lle Ife, Nigeria
> Department of Physiotherapy, Obafemi Awolowo University Teaching Hospitals Complex, lle Ife Nigeria

ABSTRACT

Introduction and aim. Neck pain is becoming increasingly common throughout the world with a considerable impact on in-
dividuals. This study compared the effects of muscle energy techniques (MET) and static stretching (SS) on pain intensity and
functional disability of patient with mechanical neck pain.

Material and methods. Fifty subjects with mechanical neck pain recruited were randomly allocated into MET and SS groups
equally. Subjects in MET received MET protocol, and SS groups were treated with SS; both groups had treatment twice a week
for six weeks. Pain intensity and functional disability at baseline, 3rd and 6th week of treatment were measured. Descriptive
and Inferential statistics were used to analyze the data. Alpha level was set at <0.05.

Results. There were 12 males and 13 females for MET with age ranged between 31-53 years mean was 42.41+ 7.35 years and
11 males and 14 females in SS group with age range 22-60 years and mean age of 42.91+£10.44 years. There was a significant
reduction in pain intensity and disability in MET’s and SS group (p<0.05) when pre-treatment, 3rd week and 6th week treat-
ment were compared. Pain intensity was lower at SS than MET while functional disability was lower in MET than SS p<0.05 at
6th week

Conclusion. MET reduces ND more than SS and SS reduces pain intensity better MET.

Keywords. muscle energy techniques, neck disability index, neck pain, static stretching, visual analogue scale

Introduction

Neck pain is becoming increasingly common through-
out the world with a considerable impact on individuals,
communities, health-care systems and businesses.’ Neck
is the most common site of non-traumatic musculoskel-
etal pain.” Roughly two-thirds of the general population
have neck pain at some time in their lives and the prev-
alence is highest in middle age.? Prevalence of neck pain
has an increasing trend up to 50 years followed by a de-
cline and it has been found to be more in females.* With
up to 37% of individuals developing persistent symp-

toms, neck pain is a condition that places a large eco-
nomic burden on the health care system.’

Mechanical neck pain is a generalized neck pain with
mechanical characteristics, including symptoms provoked
by maintained back postures, neck movement, or by pal-
pation of the cervical muscles.® Causes of neck pain are
poor posture, muscle tension and strain, injury, osteopo-
rosis, fibromyalgia, disc herniation and protrusion, spinal
stenosis, meningitis.” The neck is particularly vulnerable
to injury, especially in falls, car accidents, and sports where
the muscle and ligaments of the neck are forced to move
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outside of their normal range, neck injury due to sudden
jerking of the head is commonly called ‘Whiplash’® In an
estimated 50-80% of cases involving back or neck pain, an
underlying pathology cannot be definitively determined.’

Combined manual therapy and exercise has resulted
in improved patient outcomes or satisfaction levels when
compared to spinal manipulation or exercise alone.*
Muscle Energy Technique (MET) is a manual medicine
procedure that has been described as a gentle form of ma-
nipulative therapy effective for treating movement re-
strictions of both the spine and extremities."* MET is a
method of treatment that involves the voluntary contrac-
tion of a subject’s muscle(s) in a precisely controlled di-
rection, against a counterforce provided by the operator.
Muscle energy techniques may be used to decrease pain,
stretch tight muscles and fascia, reduce muscle tonus, im-
prove local circulation, strengthen weak musculature and
mobilizes joint restrictions. MET was reported to be effec-
tive in the management of long term neck pain, it increas-
es joint range of motion, chronic lateral epicondylitis and
is useful to increase range of motion when there is limita-
tion in function. This technique can also strengthen phys-
iologically weakened muscles and reduce localized edema
through muscle pump action.'” Muscle energy technique
has been demonstrated to be effective in increasing the re-
stricted range of trunk rotation and ameliorating rotation-
al asymmetry in asymptomatic subjects.'?

Stretching involves the application of manual or me-
chanical force to elongate structures that have adaptive-
ly shortened and are hypo-mobile.' Stretching is believed
to provide many physical benefits including improved
flexibility, injury prevention, improved muscle or athletic
performance, improved running economy, promotion of
healing and possibly decreased of set of muscle soreness.'®
Static stretching involves stretching a muscle to a point of
discomfort and holding the stretch for a length of time,
followed by a return to normal resting muscle length."®

Both MET and stretching are widely used tech-
niques in the field of physiotherapy.'” Studies using
these two techniques individually in symptomatic as
well as in asymptomatic population have been shown
improvement, but very few studies have compared these
techniques in a symptomatic population, where con-
flicting results are seen.'®"

Neck pain is a common problem within our soci-
ety affecting individual’s physical and social function-
ing considerably and interfering with the patient’s daily
activities. A wide variety of treatment protocols for me-
chanical neck pain are available. However, the most ef-
fective management remains an area of debate.

Aim

Therefore, this study was done to compare effect of MET
with static stretching in the management of pain and
functional disability in patients with mechanical neck

pain. The intension was to be able to pick the best effec-
tive protocol for the management of neck pain.

Material and methods
Subjects
Subjects for this study were patients diagnosed of me-
chanical neck pain in Physiotherapy Outpatient De-
partment of Obafemi Awolowo University Teaching
Hospitals Complex (OAUTHC), Ile-Ife, Nigeria
The following categories of individuals were consid-
ered for this study;
a. Male and female patients with history of mechani-
cal neck pain of more than 3 months,

Exclusion criteria

a. Patients with acute neck pain

b. Subjects were excluded if they have neck pain associ-
ated with an underlying pathology such as fracture of
the cervical spine, neck pain radiating into the arms
or upper extremity or associated with headaches or
facial pain, malignancy, infections, inflammatory
disorders, osteoporosis or cases of disc prolapse.

c. Patients with history of surgery of the cervical spine
during the previous 12months

Sample Size Determination

N=  40® (Zcrit + Zpwr)?
DZ
Where,
N is the total sample size
o is the assumed SD of each group (assumed to

be equal for the groups),”® this is assumed to be
16.63 from a previous study of Ojoawo et al., *!

Zcrit is the standard normal deviate corresponding to
the selected significant criterion, i.e. .05 (95% =
1,960)

Zpwr is the standard normal deviate corresponding to
the selected statistical power (i.e. 0.80 = 0.842)

D  is the minimum expected difference among the
three means and D = 18 from a previous study of
Ojoawo et al. !

Therefore, N = 4x(16.3)* (1.96 + 0.842)*

18°

Thus, N = 41.22

10% which is 4 of the sample size was added to make
making 46, but the sample was rounded up to 50 to ac-
commodate for non-response and attrition. Fortunately,
all the 50 completed the study

Research design
This was a quasi-experimental study

Sampling technique
Purposive sampling technique was used to recruit pa-
tients with mechanical neck pain.
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Randomization

Individuals who meet the inclusion criteria were ran-
domly allocated to MET Group and SS Group using the
simple random assignment method without replace-
ment (Fish Bowl) Fig 1

58 patiems with neck disorders were
examined. 3 had acute neck pain, 5 had
underline pathology, 50 patients were found

suilable for the study

N = 50 patients were randomized
= 25 MET Group

= 25 $8 Group

d follow up from

Interventi

Intervention and follow up
from July- Nov 2019 July - N
Outcome measures assessed Outcome v

ssessed,

4 subject dropped

3 subject dropped after 4 o after 4 weeks, based
weeks, based on minimal r on minimal pain
pain intensity intensity

22 Subjects completed the &
215ubjects  completed  the 6
weeks  treatment period.

weeks treatment period

Intension to treat was used to Intension to treat was used to

analysis all the 25 subjects

analysis all the 25 subjects

Fig. 1. Flow chart for the Randomized Control Trial (RCT)

Instrumentation

Neck disability index (NDI)

The neck disability index (NDI) was used for patients with
neck pain and assess two domains (pain and disability)
perceived in the last three months. The NDI for measur-
ing disability in patients with neck pain has a pivotal role
in research and clinical settings and is interpreted to have
a good reliability.** The NDI is strongly correlated (r=0.70)
to a number of similar indices and moderately related to
both physical and mental aspect of general health.”

The NDI can be scored as a raw score or doubled and
expressed as a percent.** Each session is scored on a 0 to
5 rating scale, in which zero means ‘No Pain’ and 5 means
‘Worst Imaginable Pain’ All the points can be summa-
rized as a total score. The test can be interpreted as a raw
score with a maximum score of 50 or as a percentage.

Some benchmark has been found in literature but
methodologically, they were not described and their
validity and reliability are questionable. Vernon and
Moir presented the following interpretations: 0-4 points
(0-8%): No disability, 5-14 points (10-28%): Mild dis-
ability, 15-24 points (30-48): Moderate disability,
25-34 points (50-64%): Severe disability 35-50 points
(70-100%): Complete disability.**

Visual analogue scale
The visual analogue scale (VAS) is a frequently used meth-
od for the assessment of variations in intensity of pain. In

clinical practice, the percentage of pain intensity assessed
by VAS, is often considered as a measure of the efficacy of
treatment. VAS is considered to be one of the best meth-
ods available for the estimation of the intensity of pain.*®
High correlations have been reported between VAS and
verbal and numerical rating scales.?® Visual analogue scale
and NRS were found reliable in the assessment of pain at
the without an appreciable differences between them.””
Based on the distribution of pain VAS scores in post-sur-
gical patients (knee replacement, hysterectomy, or laparo-
scopic myomectomy) who described their postoperative
pain intensity as none, mild, moderate, or severe, the fol-
lowing cut points on the pain VAS have been recommend-
ed: no pain (0-4 mm), mild pain (5-44 mm), moderate
pain (45-74 mm), and severe pain (75-100 mm).>®

Procedure

Application of muscle energy techniques (MET)

Patient was positioned at sitting position on a chair with
a pillow to support the back, the neck range of motion
was free from all obstructions. Muscles energy tech-
nique (MET) with Post Facilitation Stretch protocol was
applied to the patients according to Nagrale et al.” There
was a set of 5 repetitions per session, and 2 sessions
per week for six weeks according to Sadria et al. each
stretching was held for 10 seconds.”” Kneading massage
was administered for the patient with methyl salicy-
late ointment for 5 minutes. Subjects in MET Group re-
ceived 12 treatment sessions of MET two times a week.’

Application of static stretching (SS)

Subjects in SS Group received 12 treatment sessions of
static stretching according to Reid et al., two times a
week.? The neck was placed in a side flexion position
first to the right side, the shoulder on the contralateral
side was stabilized with one hand and the other hand was
used to stretch the neck towards the side of flexion. This
was held for 20 seconds and ten repetition per a section.*

Kneading massage was applied to the patients with
methyl salicylate ointment for 5 minutes according to
Weerapong.®> Kneading massage was administered as
follows: muscles of the neck were held, lifted up, rolled
and squeezed in a compressive action using methyl sa-
licylate gel as coupling medium. The techniques was ap-
plied to the muscles of the posterior region of the neck
as well, the underline muscles were well compressed
with deep pressure.*!

Pain intensity and functional disability were as-
sessed at the baseline, after 3*d week and at the end of 6
weeks intervention. The application of methyl salicylate
was considered as base line for all the subject as adjunct.

Ethical approval
Approval (no.:IRB/IEC/0004553; NERC/27/02/2009a)
of the Health Research and Ethical Committee, Obafemi
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Awolowo University Teaching Hospitals Complex Ile-Ife
was obtained before the commencement of data collec-
tion. The study procedure and rationale were explained
to the subjects and their informed consent to participate
was obtained. They were assured that all information
provided by them on the questionnaire would be treated
with utmost confidentiality.

Data analysis

The data collected were analyzed using Statistical pack-
age foe social sciences International Business machine
IBM 21 ((SPSS Inc., Chicago, IL, USA). Descriptive sta-
tistics and Mixed Model ANOVA was used to compare
the mean values of outcome measures within and across
the group. Alpha level was set at 0.05

Results

Physical characteristics of subjects

Shown in Table 1 is the physical characteristics of the sub-
jects in the two groups. The age range for MET group
is 31-53 years and the mean of age, height, weight and
BMI were 42.92+10.45/yrs., 1.65+0.1/m, 67.50+13.36/kg,
and 24.55+3/kg/m? respectively while the age range for
SS group was 22 -60 years, the mean age, height, weight
and BMI for the Static Stretching group were 42.42+7.35/
yrs.,1.66+0.05/m, 70.67+10.59/kg and 25.65+3.76/kg/m?
respectively. There was no significant difference (p>0.05)
when the physical characteristics of the two groups were
compared. There were 12 males and 13 females for MET
and 11 males and 14 females in SS group.

Effect of muscle energy technique on pain intensity and
functional disability
Shown in Figure 2 is the line graph of mixed method
ANOVA comparing the pre-treatment, 3*¢ week and 6t
week treatments of the subjects in MET group. The re-
sults revealed that there was a significant difference in
the VAS as well as ND of pre-treatment, 3¢ week and 6"
week treatment (p<0.001). The mean values were stated
in table 1.

Effects of static stretching technique on pain inten-
sity and functional disability

Shown in Figure 3 is line graph from mixed mod-
el ANOVA comparing the mean values of the pre-treat-
ment, 3¢ week and 6t week treatments of the subjects

Table 1. Physical characteristics of the subjects (N= 50)*

in static stretching group. The results revealed that there
was a significant difference in the PI and ND when the
pre-treatment, 3¢ week and 6 week treatment p<0.001).
The actual mean values could be found in table 1.
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Fig. 2. Effect of muscle energy techniques on pain intensity
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Fig. 3. Effect of static stretching techniques on pain
intensity and disability

Variables MET SS Total t p
Mean=SD, n=25 Mean=SD, n=25 Mean=SD, N=50

Age (yrs.) 42.92+10.45 42.42+7.35 42.67+8.84 -0.136 0.893

Height (m) 1.65%0.1 1.66+0.05 1.66+0.08 0.643 0.527

Weight (kg) 67.50+13.36 70.67+10.59 69.08+11.9 0.263 0.795

BMI (kg/m?) 24.55+3 25.65+3.76 25.10+3.38 0.795 0.435

* MET - muscle energy techniques SS - static stretch, BMI - body mass index
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Comparisons between the effect of muscle energy tech-
nique and static stretching on pain intensity and func-
tional disability

Shown in table 2 is the Mixed Model ANOVA com-
paring the mean values of the pre-treatment, 3¢ week
and 6t week of PI and ND of subjects in MET and SS
Groups. There was a significant difference in both 3r¢
and 6™ week PI (P= 0.001) and ND (P= 0.001) when
the MET and Static Stretching groups were compared.
The means value of PI and ND in MET (2.00£1.92; 5.25
+2.52) at the 6™ week was also found to be more than
that of SS (1.66+0.98; 6.33+3.33). This implied that SS
may be more effective in pain management while MET
may be more effective in ND management.

Discussion

The specific objectives of this study were to evaluate the
effectiveness of MET, SS and compare their effects on
pain intensity and functional disability of patients with
mechanical neck pain.

In this study, a significant reduction among the
pre-treatment, 3*¢ and 6 post-treatment pain intensity
and functional disability of subjects that received MET
and SS was observed. Study revealed that perception
of pain intensity was ameliorated by MET due to raise
in stretch tolerance of the patient. In every muscle and
joints, there are mechanoreceptors and proprioceptors;
these organs are stimulated whenever a group of muscle
contract isometrically and stretched.'" The effects of these
will consequently lead to drop in discomfort, the mus-
cle is easier to be stretch and patient has more tolerance
The results obtained for pain reduction in the MET group
could be similar to the previous studies where pain inten-
sity was reduced following MET over the neck area and
also at other areas of the body.>*>** A study by Gupta et
al,, on effects of post-isometric relaxation versus isomet-
ric exercises in nonspecific neck pain also concluded that
MET showed significant improvement in pain and func-
tional status.*> However, the results of our study when
compared the two groups indicated that SS relieves pain
than MET but MET reduced disability than MET. Results
of a study by Sharmila on effects of the MET versus con-
ventional exercises in nonspecific neck pain in second-
ary school teachers are in accordance with the results for

MET Group, which concluded that post-isometric relax-
ation had better reduction in pain and disability.**

The reduction in the pain following static stretch-
ing could be due to the inhibitory effects of Golgi tendon
organs, which reduces the motor neuronal discharg-
es, thereby causing relaxation of the musculotendinous
unit by resetting its resting length and pacinian corpus-
cle modification. These reflexes will allow relaxation in
musculotendinous unit tension and decreased pain per-
ception.*® Kostopoulos et al. found a significant pain re-
duction in the group treated with passive stretching of
upper trapezius, which is in accordance with this study.*®
The results of this study for the stretching group was in
tandem with study conducted by Paolo et al. on effects of
global posture re-education and static stretching on pain,
range of motion and quality of life in women with chronic
neck pain which concluded that stretching showed signif-
icant improvement in outcome measures.”’

There was a statistically significant difference found
in ND in the treatment groups. This could be because the
NDI assesses different aspects of neck pain which consists
of pain intensity, daily activities, suggesting that improve-
ment in the score might be due to the reduction in pain.

However, comparing the mean values of the 6%
week of PI and ND of subjects in MET and SS groups
in this study, there was a reduction of ND in the MET
group than that of SS, indicating that MET may be bet-
ter than SS in improving functional disability. The high-
er the values of NDI the more the disability, hence MET
seems to have improved neck disability than SS. On the
other hand, there was a reduction in the values of pain
intensity in the SS group than that of MET. The lower
the values of visual analogue scale, the less the pain. This
implies that SS seems to have improved pain intensity
better than MET. The results of this study was not totally
in line with the study of Shady et al., and Apoorva et al.,
they both VAS and NDI scores showed better improve-
ment in the MET group as compared to the stretching
group.'”*® The work of Apoorva et al. was very similar
with our own study however their study was for six days
whereas our study was for six weeks.'” The similar re-
sults found in the two separate researches is an affirma-
tion of the authenticity of the findings. However, Hatefi
et al. though it was on nonspecific low back pain report-

Table 2. Mixed Method ANOVA comparing the METG and SSG pretreatment, third week and sixth week mean values of pain

intensity and neck disability, N=50 *

Variables METG SSG
Pre Rx W3Rx W6RxX Change PreRx W3Rx W6Rx Change p
Pl 6.42 (1.31)2 3.92(0.90)b 2.00 (1.92)c 4.37 (4.40) 6.00 (0.74)d 3.83 (0.94)e 1.66 (0.98)f 4.34(0.154) <0.0001

NDI 18.00 (6.42)g 11.50 (4.1)h 5.25(2.52)i 12.75(3.4)j 19.83 (6.65) 12.33 (6.38)l 6.33 (3.33)m 13.50(1.01) <0.0001

* METG - muscle energy techniques group, SSG - static stretching group, Rx — treatment, W — week, indicate significant at
p<0.001. Post-hoc List of Significant Difference: mean mode with the same superscript (a,b,c,d ---------- ) show no significant
difference but mean mode with different superscript shows significant different
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ed improvement in pain intensity using static stretching
exercises which was in agreement with our study.*

Recommendation

There may be an interaction between the treatment ef-
fects of conventional exercise program and muscle en-
ergy technique/ static stretching. Therefore, the results
could demonstrate only the relative effectiveness of the
two protocol. To find out whether each program was in-
deed effective in treating mechanical neck pain, further
studies are required.

Limitation

There was no blinding in the study. This may have influ-
ence on the assessment of outcome measures. The use of
methyl salicylate as massage medium could have effect
on the outcome measure especially pain intensity. How-
ever, massage was carried out for the two groups. The ef-
fect may be generalized.

Conclusion

It can be concluded from the study that both Muscle Ener-
gy Technique and Static Stretching are effective in improv-
ing pain intensity and functional disability in patients with
mechanical neck pain. However, MET reduces both dis-
ability more than SS while SS reduces pain more than MET.
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ABSTRACT

Introduction and aim. Meningitis is an acute inflammation of the protective membranes covering the brain and spinal cord,
known as the meninges. In this study, oxidative and nitrosative stress were evaluated in cerebrospinal fluid (CSF) and blood
samples that were taken from patients with meningitis. Our goal was to identify a fast and a reliable biomarker using these pa-
rameters in order to the early diagnose of bacterial meningitis.

Material and methods. In this study, 37 bacterial meningitis, 30 tuberculous meningitis and 30 viral meningitis cases were
included. Serum/CSF total oxidant status (TAS) and total antioxidant status (TOS) were measured by the Erel method. Nitroty-
rosine concentrations were quantified by using ELISA in both serum and CSF

Results. Serum nitrotyrosine, CSF TAS and TOS levels were not significantly different in three groups (p>0.05). CSF nitrotyrosine
levels were significantly higher in bacterial meningitis than tuberculous meningitis group (p<0.05). Viral meningitis patients
had higher serum TOS and TAS concentrations than tuberculous meningitis group (p<0.05).

Conclusion. As a result, we can say that the oxidative and nitrosative stress markers studied are not a rapid and reliable bio-

marker in bacterial meningitis’s diagnosis.

Keywords. bacterial meningitis, oxidative stress, nitrotyrosine, tuberculous meningitis, viral menengitis

Introduction

Meningitis is the most serious infection of the central
nervous system (CNS) and affects in the meninges,
the membranes that cover the brain and spinal cord. It
caused by many microorganisms, including bacteria, vi-
ruses, parasites and fungi.”* Meningitis is an important
public health problem in developing countries, includ-
ing Turkey.

The brain is particularly vulnerable to oxidative
stress due to its high metabolic requirements and the
presence of polyunsaturated fatty acids. Under physio-
logical conditions, the total antioxidative activity of the
cerebrospinal fluid (CSF) is only one tenth of plasma. It
has been reported that free radicals can cause neuronal
cell death.’ In addition, bacterial and host-derived reac-

tive oxygen and nitrogen species combine to form high-
ly reactive, tissue-damaging intermediates. Therefore,
it is assumed that the levels of endogenous antioxidant
molecules in the CSF elevated in response to infections
that can place severe stress on the human body.** There
are studies that found that free radicals are produced in
CNS compartment in cases with meningitis.>*

Studies on children with bacterial meningitis (BM)
have shown that antioxidant molecule levels and lipid
peroxidation in serum/CSF increase as a result of oxi-
dative stress.>

Nitrotyrosine (NT) is a widely used marker for the
formation of reactive nitrogen species, such as peroxyni-
trite. It has been found that tyrosine nitration is great-
ly increased during meningitis. This increase has been
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dedected to be more pronounced in inflammatory cells
and blood vessels in the subarachnoid space. Therefore,
it has been reported that reactive nitrogen species (RNS)
may contribute to oxidative brain damage during men-
ingitis.*”

Aim

Our aim was to investigate oxidative and nitrosative
stress in blood and CSF samples of bacterial, viral and
tuberculous meningitis (TM) cases. According to our
knowledge, this is the first study.

Material and methods

Study setting and population

We conducted this study on CSF and blood samples of
patients who applied to Gaziantep University Faculty
of Medicine Infectious Diseases Clinic and received a
pre-diagnosis of meningitis between January 2018 and
June 2020. Thirty-seven BM, 30 TM and 30 viral men-
ingitis (VM) cases were included in the study. Paired
serum and CSF samples were collected on admission,
before the empirical antimicrobial and supportive ther-
apy had started.

The protocol was approved by the Clinical Research
Ethics Committee of Gaziantep University with the pro-
tocol number (No: 2015 /363) and the research was con-
ducted in compliance with the Declaration of Helsinki
(version 2008).

The purpose and procedures of the study were ex-
plained and written informed consent was received
from each participant or their guardians prior to par-
ticipation.

Exclusion criteria: Cases who were hospitalized with
a prediagnosis of meningitis, cerebrovascular event, ma-
lignant infiltration of the menix, immunocompromised
patients for any reason, pregnant women, and those
lacking laboratory data used for routine diagnosis were
excluded from the study.

Diagnosis of meningitis

The diagnosis was made according to the patient’s clin-
ics and CSF examination criteria. Lumbar puncture (LP)
was performed if clinical signs and symptoms suggest
meningitis. LP can be safely performed in the absence of
increased intracranial pressure, focal neurological find-
ings and/or papillary edema. The diagnosis of bacterial
meningitis is based on a course of clinical history and
laboratory experiments. Clinical features were such as
the acute onset of headache, fever, and signs of menin-
geal irritation. Laboratory diagnosis of acute bacterial
meningitis (ABM) was made by CSF examination. Pos-
itive CSF findings were pleocytosis (25/mm?, mainly
neutrophilic), elevated protein concentration (245 mg/
dL), a reduced ratio of CSF glucose to serum glucose
(<0.60) in additionally a positive CSF culture, smear, or

PCR for bacterial pathogens or a good specific response
to antibacterial therapy.

Viral meningitis cases had such as clinical features,
the acute onset of headache, fever, and signs of menin-
geal irritation. In addition, there were no signs of corti-
cal involvement such as altered consciousness, aphasia,
or seizures. Viral meningitis CSF findings were also
pleocytosis (=5/mm?, mainly lymphocytic), a negative
CSF stain, culture, or PCR for bacteria, mycobacteria,
fungi and a positive PCR for viral pathogens or full re-
covery without any specific treatments including anti-
bacterial or antituberculosis therapy.

Diagnosis of TM clinical symptom, CSF criteria, ce-
rebral imaging criteria and It was placed on the basis of
other evidence of tuberculosis. If mycobacterium tuber-
culosis was detected in CSF of cases a definite diagnosis
of TM was made.

Measurements

Blood and CSF taken for analysis before starting treat-
ment. The serum was separated with standard centrifu-
gation procedure and immediately divided in portions
which were kept tightly closed at —70°C until analysis

Measurement of TAS

TAS measurement was performed using an Aeroset 2.0
analyzer and a total antioxidant status kit (Rel Assay Di-
agnostic, Turkey). In this kit the reduced ABTS (2,2-az-
inobis(3-ethylbenzothiazoline-6-sulfonate)) molecule is
oxidized to ABTSe+, using hydrogen peroxide alone in
an acidic medium (acetate buffer 30 mmol/L; pH 3.6).
The concentrated ABTSe+ molecules (deep green) re-
main more stable for a long time in the acetate buffer
solution. The color is spontaneously and slowly bleached
when it is diluted with a more concentrated acetate buf-
fer solution at high pH (acetate buffer 0.4 mol/L; pH
5.8). In the sample’s antioxidants accelerate the bleach-
ing rate to a degree proportional to their concentrations.
This reaction can be monitored spectrophotometrical-
ly and the bleaching rate is inversely related to the total
antioxidant capacity (TAC) of the sample. The reaction
rate is calibrated with Trolox, which is widely used as a
traditional standard for TAC measurement assays, and
the assay results are expressed as mmol Trolox equiva-
lent/L.?

Measurement of TOS

TOS measurement was performed using an Aeroset 2.0
analyzer and a TOS kit (Rel Assay Diagnostic, Turkey).
In the sample’s oxidants oxidize the ferrous ion-o-di-
anisidine complex to ferric ions in this kit. In the reac-
tion medium glycerol molecules enhance the oxidation
reaction. The ferric ions make a colored complex with
xylenol orange in an acidic medium. The color inten-
sity, which can be measured spectrophotometrically, is
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related to the total quantity of oxidant molecules in the
sample. The assay is calibrated with hydrogen peroxide
and the results are expressed as the micromolar hydro-
gen peroxide equivalent per liter (umol H,O, Equiv./L).”

Nitrotyrosine Analysis

The NT levels were detected in plasma samples using the
Bioxytech sandwich ELISA immunoassay (OxisResearch,
USA) according to the manufacturer’s instructions.

Statistical Analyses

All statistical analyses were performed using PASW, ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA) for Windows.
Continuous variables are presented as mean + SEM and
categorical variables are presented as # of patients (%). The
Kolmogorov-Smirnov test was used to test the normality
of the distribution of continuous variables. Statistical
analysis of data between two groups was performed using
unpaired ¢-test for parametric data and Mann-Whit-
ney U-test for nonparametric data. A two-tailed p-value
< 0.05 was considered statistically significant.

Results
Comparison of demographic and laboratory profiles of
cases in CSF and serum are illustrated in Table 1.

CSF bacterial culture is known as the gold standard
method for confirming acute bacterial meningitis, but
most cases cannot be confirmed by culture. In this study,

of 37 patients with BM, 11 had positive CSF cultures,
smears, or PCR for bacterial pathogens, including 2 with
Streptococcus species, 7 with Staphylococcus species,
and 2 with other species.

It was determined that the oxidative/nitrosative
stress parameters analyzed did not correlate with demo-
graphic data such as age and gender.

Among the analyzed markers, a weak positive cor-
relation was found between only serum TAS and labora-
tory profile parameters CSF glucose (r: 0.267; p: 0.036).

Cerebrospinal fluid and serum NT, TAS and TOS
concentrations of the subjects are given in Table 2.

Discussion

Activated phagocytic cells (neutrophil eosinophil and
macrophages of all types) produce O,s" by NADPH ox-
idase. This event, called oxidative burst (burst), is im-
portant in clearing phagocytosed bacteria. Meanwhile,
O, consumption in phagocytic cells increases 4 to 100
times. Reactive oxygen (ROS) and nitrogen species are
produced by the human immune system in response
to infection such as meningitis. According to in the re-
sults of cases with bacterial meningitis different animal,
and several human studies it has been determined that
ROS/RNS are produced in activated PMNs during the
inflammatory response of the host when bacteria reach
the subarachnoid space.”'*** The mechanisms of cen-
tral nervous system damage during meningitis are not

Table 1. Comparison of demographic and laboratory profiles of cases with bacterial, tuberculosis and viral meningitis

Parameters Bacterial meningitis Tuberculosis Viral meningitis p
(n=37) meningitis (n=30) (n=30)
Demographic Profile
Men, n (%) 18 (48.6) 17 (56.7) 19 (63.3) >0.05
Age*, years 40.19£2.73 42.60+3.31 45.40+2.56 >0.05
Blood Profile 9.42 (2.35-26.21) 8.80(3.61-17.82) 7.91 (4.60-20.80) >0.05
WBCtx10%/L
Neutrophilt (%) 75.50 (46.0-91.0) 76.0 (46.0-90.0) 75.0 (51.0-92.0) >0.05
ESHt (mm/hour) 35.0 (2-103) 56.0 (2-120) 29.0 (2-96) >0.05b <0.052c
CRPt (mg/L) 55.0(0.5-328.0) 55.0 (2-250) 24.0 (0.78-145.0) >0.052 <0.05b' ¢
CSF Profile
WBCt/mm? 450 (70-1100) 250 (40-850) 90 (20-450) >0.052
<0.05b' ¢
Lymphocyte percentaget 40 (10-75) 87.5 (20-90) 90 (60-100) <0.052b >0.05c¢
Proteint (mg/dl) 153 (26-1361) 647 (34-1640) 90 (34-215) <0.05
Glucose ratio *(CSF/Blood) 0.41£0.06 0.30+ 0.04 0.59+0.03 <0.052c >0.05b
Clinical Profile
Systolic Blood Pressuret (mmHg) 120 (90-171) 120 (100-206) 119 (90-168) >0.05
Diastolic Blood Pressuret (mmHg) 70 (50-96) 70 (47-99) 70 (60-86) >0.05
Death, n (%) 10 (27) 4(10) 1(3.3) <0.05
Sequelag, n (%) 5(13.5) 2(6.7) 1(3.3) <0.05

T Median (interquartile range)*Mean+SEM a: BM vs. TM; b: BM vs. VM; c: TM vs. VM
CRP: C-reactive protein, CSF: cerebrospinal fluid, WBC: white blood cell, ESH: erythrocyte sedimentation rate; CRP: C-reactive
protein; BM: Bacterial meningitis; TM: Tuberculous meningitis; VM: Viral meningitis
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fully elucidated, but a wealth of evidence suggests that
reactive oxygen and nitrogen species may contribute to
brain damage.

Some studies have shown that ROS may have an
important role in various pathological processes such
as vascular damage, cerebral edema formation and ce-
rebrospinal fluid pleocytosis in BM.'*'* It has been
suggested that oxidative stress has a role in the patho-
physiology of TM-associated seizures.'®

It has been determined that the nitration of tyro-
sine is increased at the cellular level, especially in ce-
rebral vessels and inflammatory cells in BM. In these
cells, 4-hydroxynonenal compound, a lipid peroxidation
marker, was detected suggesting a role for RNS in oxida-
tive brain injury. In addition, high concentrations of NT
in CSF were associated with worsening of the disease.’

Previous studies found significant increases in CSF
nitrite and NT levels in children with BM. In this study in
cases of BM serum and CSF NT levels were found higher
than TM and VM groups.'>'”'® However, only NT levels
in CSF samples of cases with BM were statistically signifi-
cant compared to the levels of TM cases (p<0.05).

These results indicate that ROS/RNS production is
more increased in CSF and serum of cases with BM and
that oxidative damage may contributes to the patho-
physiology of such cases. CSF and blood TOS, TAS, oxi-
dative stress index and S-100B levels were found to vary
in pediatric cases with BM. This change was found to be
parallel to inflammation."’

In our study TAS and TOS levels in CSF samples
were not statistically different from each other in all 3
meningitis groups (p>0.05). In serum samples, TAS and
TOS values showed statistically significant difference
only between TM and VM groups (p<0.05)

In BM, ROS and RNS are considered to mediate the
disruption of the blood brain barrier. Moreover, it has

been found that treatment with antioxidants prevents
the deterioration of the blood brain barrier."*

This may be because the inflammation that occurs
is due to the proliferation of bacteria, the release of ex-
cessive amounts of oxidants produced in phagocytes to
destroy bacteria, and the use of antioxidants to neutral-
ize them.

The CSF/plasma glucose ratio in healthy adults is
about 0.6 and therefore an abnormal level is less than
that, usually 0.5 or less.?! In our study, this ratio was de-
termined as BM (Mean+SEM: 0.41+0.06) TM (0.3+0.04)
and VM (0.59+0.03). The CSF/plasma glucose ratio of
the TM group is statistically significantly lower than the
other two groups (p<0.05).

In our study, the percentage of sequelae (13.5%) in
cases with BM was found to be higher than in cases with
other meningitis (TM: 6.7% and VM: 3.3% ; p<0.05).
ROS and RNS have been associated with cognitive se-
quelae, especially since they cause cellular damage.”?

In addition, the mortality rate was found to be sta-
tistically significantly higher in cases with BM than in
TM and VM cases (BM: 27%, TM: 10%, VM: 3.3% ;
p<0.05).

Conclusion

As a result, we can say that the oxidative and nitrosative
stress markers studied are not a rapid and reliable bio-
marker in BM’s diagnosis, but we might conclude that
oxidative stress contributes at least in part to the severe
neurological dysfunction found in meningitis especial-
ly bacterial meningitis. However, in parallel with the in-
flammation in bacterial meningitis, changes had been
occured in CSF and blood TOS, TAS and NT levels, and
these changes should be examined in larger case groups
in future studies.

Table 2. Cerebrospinal fluid and serum NT, TAS and TOS concentrations of the subjects

Bacterial Meningitis Tuberculous Meningitis Viral Meningitis p value
(n:37) (n:30) (n:30)
Serum
NT (ng/ml) 393.48+73.4 268.74+31.1 237.14+44.0 >0.052bc
TAS (mmol/L) 1.38+0.1 1.22+0.1 1.43£0.1 >0.052b
<0.05c
TOS (umol/L) 12.16+0.9 9.41+1.1 13.4£1.1 >0.052b
<0.05c
CSF
NT (ng/ml) 183.39+13.4 129.29+10.8 156.08+£14.7 <0.052
>0.05bc
TAS (mmol/L) 0.95+0.1 0.91+0.1 1.09£0.1 >0.05%bc
TOS (umol/L) 8.07+0.9 6.97+0.9 9.06+0.9 >0.05%bc

BM: Bacterial meningitis; TM: Tuberculous meningitis; VM: Viral meningitis CSF: cerebrospinal fluid, Data are given as mean +

standard error, a: BM vs TM; b: BM vs VM; ¢.TM vs VM
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ABSTRACT

Introduction and aim. Assessment of risk of complications in umbilical hernia is important. The aim of this study was to evalu-
ate the effect of size of the umbilical ring on the risk of complication occurring in umbilical hernia.

Material and methods. This was a prospective study of children who had umbilical hernia repair for symptomatic umbilical
hernia. Using Vernier caliper, the umbilical ring diameter (URD) was measured at surgery and the patients were divided into 2
groups. Group A had URD of less than of 15 millimeter (mm) and group B patients had URD of 15 mm and above. The 2 groups
were compared.

Results. Thirty two cases were evaluated. Their mean age was 42 months. All the patients had umbilical pain. Twenty six (81.3%)
patients had URD of less than 15 mm (group A) whereas 6 (18.7%) patients had URD of greater or equal to 15 mm (group B).
Group A patients had a mean URD of 12.1£3.4 mm whereas group B patients had a mean URD of 30.5+5.0 mm (p=0.001).
Conclusion. Children who have URD of less than 15 mm are at a higher risk of developing umbilical hernia complications.

Keywords. complications, diameter, risk

Introduction

Umbilical hernia is a ventral hernia located at the umbi-
licus and is very common in blacks, both in Africa and
rest of the world.» Umbilical hernia has been report-
ed to occur in 15% of Caucasian children and 85% of
black children; it usually closes spontaneously during
the early years of life." It is speculated that the increased
incidence of umbilical hernia in blacks may be due to in-
herited physiologic characteristics. Umbilical hernia re-
sults from imperfect closure or inherent weakness of the
umbilical ring after separation of the umbilical cord.>*
Complications occurring in umbilical hernia could be
incarceration, obstruction or strangulation of the ab-
dominal viscera, though these complications are rare.>*
The content of the umbilical hernia could be preperito-

neal fat, omentum or intestine. In developing countries,
the most common indication for umbilical hernia repair
is complicated umbilical hernia. This in contrast to what
is obtainable in developed countries where cosmetic
reason is a common indication.”® Surgery for umbili-
cal hernia is umbilical herniorrhaphy with some form
of umbilicoplasty. The umbilical ring forms the fascial
boundaries of the umbilical hernia and is at this level
constriction of the viscera occurs. However, the extent
of the umbilical skin protrusion is not indicative of the
size of the fascia defect.

Some previous studies have suggested that the size
of the umbilical ring affects the risk of complication oc-
curring in umbilical hernia, while some of the studies
have not reported any difference in this risk measure.
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Aim

The aim of this study was to evaluate the effect of size of
the umbilical ring on the risk of complications occur-
ring in umbilical hernia.

Material and methods

This was a prospective study of pediatric patients who
presented to the pediatric surgery unit of Enugu State
University Teaching Hospital (ESUTH), Enugu with
symptomatic umbilical hernia between January 2009
and December 2018. ESUTH is a tertiary hospital locat-
ed in Enugu, South East Nigeria. The hospital serves the
whole of Enugu State, which according to the 2016 esti-
mates of the National Population Commission and Ni-
gerian National Bureau of Statistics, has a population of
about 4 million people and a population density of 616.0/
km?. The hospital also receives referrals from its neigh-
boring states. Ethical approval was obtained from the eth-
ics and research committee of ESUTH (ESUTH/CMAC/
RA/034/VOL.2/07). Patients who have recurrent umbili-
cal hernia and those who are above 15 years of age were
excluded from this study. Patients whose caregivers re-
fused to participate in the study were also excluded.

Pre-operative protocol

Consecutive children, less than 15 years, who present-
ed with symptomatic umbilical hernia were recruit-
ed into the study. Patients operated on both electively
and emergently were evaluated. On presentation, the
patients were clinically evaluated and appropriate in-
vestigations done to ascertain fitness for surgery. The
procedure is explained to the parents/caregiver and in-
formed consent obtained. At induction of anesthesia,
preoperative ceftriaxone was given.

Intra-operative protocol

Access was through a subumbilical curvilinear incision
which was deepened to the umbilical fascial ring. The di-
ameter of the umbilical ring was measured using Verni-
er caliper (made of stainless steel and produced by ESAL
medicals) which was sterilized before the surgery. The di-
ameter of the umbilical ring was measured transversely,
longitudinally and diagonally. The widest diameter was
taken and the measurements were documented in milli-
meters (mm). At least, two measurements of the diame-
ter of the umbilical ring were made and the average taken.
This minimized observer variations. The patients were di-
vided into two groups: Group A represented those whose
umbilical ring diameter (URD) was less than 15 mm and
group B represented those whose URD was greater or
equal to 15 mm. Group A patients were considered to have
narrow umbilical ring while Group B patients were con-
sidered to have wide umbilical ring. Simple primary su-
ture repair of the umbilical defect was done and the wound
closed in layers. Firm dressing was subsequently applied.

Post-operative protocol and follow up

The wound was examined on the seventh post-operative
day on out-patient basis. The cases were performed as
day cases except children with co-morbidities and those
who experienced delayed recovery from anesthesia. The
follow up period was for 6 months. The follow-up was
done physically and the patients were seen monthly
during the follow-up period.

Data collection

The following data were collected: Age of the patient,
gender, duration of symptoms before presentation, time
interval between presentation and surgery, diameter of
the umbilical ring in mm, complications of treatment,
duration of hospital stay and outcome of treatment.

Data analysis

Statistical Package for Social Science (SPSS) version 23
(manufactured by IBM Cooperation, Chicago Illinois,
USA) was used for data entry and analysis. Data were
expressed as percentages, means and standard devia-
tion. Chi square test or student’s T test was used to test
for significance. P value < 0.05 was considered statisti-
cally significant.

Results

Patients’ demography

Thirty-five cases of umbilical hernia were repaired
during the study period but only 32 patients had com-
plete case records and formed the basis of this report.
There were 20 (62.5%) males and 12 (37.5%) females
which correspond to a male female ratio of 1.6:1.
The ages of the patients ranged from 12 months to 96
months with a mean of 42 months. Seventy five percent
of the patients were less than 48 months of age. Details
are depicted in Table 1.

Table 1. Demographic profiles of the patients

Parameter Value
Gender
Male, n (%) 20 (62.5)
Female, n (%) 12 (37.5)
Mean age of the patients 42 months
(range: 12-96)
Mean duration of symptoms 2.1 days
(range: 1-4)
Interval from presentation to surgery 1.4 days
(irreducible hernias) (range: 1-3)
Mean duration of hospital stay 1.5 days
(non-day cases) (range: 1-3)

Clinical and operative findings

All the patients (100%) had abdominal pain at the um-
bilical area. In addition to pain, 18 (56.2%) patients had
vomiting, 10 (31.3%) had constipation and abdominal
distension was present in 4 (12.5%) patients. All the pa-
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tients were symptomatic. Fifteen (46.9%) patients had
reducible symptomatic umbilical hernia; another 17
(53.1%) umbilical hernias were irreducible. Among the
irreducible hernias, 2 were strangulated and the omen-
tum was involved. Non-viable omentum was resected.
There was no bowel resection.

Umbilical ring diameter (URD)

Twenty six (81.3%) patients had URD of less than 15 mm
(group A) whereas 6 (18.7%) patients had URD of greater
or equal to 15 mm (group B). Table 2 shows details.

Table 2. Umbilical ring diameters, means, standard
deviations and p value

Group A Group B
Mean SDha pvalue Mean SD
URDb 12.1 mm 34 0.001* 30.5mm 5.0
Number 26 6 (18.7%)
(%) (81.3%)

aSD=Standard deviation; bURD=Umbilical ring diameter,
*statistically significant

Post-operative complications
Complications in the 2 groups of patients are shown in

Table 3, p value 0.636.

Table 3. Post-operative complications

Complications Group A Group B
None 20 4
Surgical site infection 2 1
Wound breakdown 2 1
Hypertrophied scar 2 0
Total 26 6

Outcome of treatment

Overall, 30 (93.8%) patients did well and were discharged.
Two (6.2%) patients signed out, in post-operative period,
against medical advice. There was no mortality.

Discussion

Umbilical linea alba is formed by the umbilical aperture
through which umbilical herniation occurs. Umbilical
hernia sac protrudes through a defect in the umbilical
ring due to failure of complete obliteration at the site
where the fetal umbilical vessels are joined to the placen-
ta during gestation.” Natural history of umbilical hernia
is spontaneous closure.'® However, when umbilical her-
nia fails to close or becomes symptomatic, there is need
for surgical repair.'! There is a report of omental content
of an umbilical hernia as a determinant of the risk of a
patient developing complicated umbilical hernia; this is
due to adherent nature of the omentum which prevents
complete reduction.'? In the present study, we assessed
the risk of umbilical hernia complication with respect to
the diameter of the umbilical ring.

The male predominance recorded in the present study
is consistent with the report of other series on umbilical
hernia.>'>'* However, a study done in Jos, Nigeria report-
ed female predominance.'® The reason for this gender dif-
ference is not known. The mean age of our patients tally
with the report of some studies but is at variance with the
result of others.>'*'*'® The differences in sizes of the um-
bilical ring may explain the discrepancies in the mean ages.
Late presentation of our patients is manifested in the 2-day
lag period. Poverty and ignorance may be responsible for
the late presentation. Mean duration of hospital stay of our
patients is unsupported by other studies where umbilical
hernia repairs were performed as day cases.'”** The length
of time a patient stays in the hospital may depend on the
extent of the procedure and post-operative status.

The symptoms present in our patients is in line with
findings of other studies; pain in the umbilical region
been the most consistent.**® The symptoms manifested
by the patients at presentation may be related to the time
of presentation to the hospital. Our protocol for man-
aging symptomatic umbilical hernia is immediate sur-
gery (emergency) for irreducible umbilical hernia and
day case surgery for reducible hernia. This may explain
the mean interval of 1.4 days between presentation and
surgery for irreducible umbilical hernia.

A statistically significant number of our patients who
had surgery for symptomatic umbilical hernia had um-
bilical ring diameter of less than 15 mm. A study also re-
ported that patients with small umbilical fascial defects (5
to 15 mm in diameter) are more prone to incarceration.”
One study performed at Mayo clinic, Rochester, USA re-
ported that complications in umbilical hernias are more
likely in smaller defects.'® However, other studies on um-
bilical hernia reported increased incidence of incarcera-
tion in children whose umbilical ring diameter were more
than 15 mm.>'>** The reason for the increased incidence
of umbilical hernia complications in narrow URD may
be explained by the mechanism of hernia incarceration:
When intra-abdominal pressure increases, like when the
child cries, contents of the hernia are squeezed through
a narrow hernia neck into the hernia sac. The subse-
quent recoil of the hernia neck entraps the contents of
the hernia preventing the contents from returning into
the abdomen and thus incarceration occurs.'” The above
mechanism of incarceration may not happen when the
neck of the hernia is wide. A study done in Senegal re-
ported that the main factors contributing to incarceration
of umbilical hernia was age of the child and size of the
umbilical defect.*® The exact reason for the differences in
the findings of the different studies is not known.

The post-operative complications recorded in the
present study is comparable to the reports of other stud-
ies.*® However, the post-operative complications were
not statistically significant between the 2 groups of pa-
tients in the present study.
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During the 6 months follow up period, 2 patients
in group A developed an abnormal scar that required
plastic surgical review. Komlatse et al in their series
also reported abnormal scar following umbilical her-
nia repair.*! One study reported hematoma and sero-
ma formation as post-operative complications following
umbilical hernia repair.'® Firm dressing which helps in
obliterating dead space assists in preventing hematoma
and seroma formation. None of our patients had umbil-
ical hernia recurrence.

Most of our patients did well and were discharged
home. Other studies also documented good outcomes
following repair of the umbilical hernia.***!

Recommendation and limitations of the study
Umbilical hernias with smaller diameters should be re-
paired early to avoid complications.

Although this was a prospective study, it was limited
by the small number of cases. A larger number of cases
would have availed better analysis. This study was a sin-
gle institution experience which may not be generaliz-
able to other institutions and other countries.

Conclusion

Umbilical hernia is a common condition particularly in
black children. Children who have URD of less than 15
mm are at a higher risk of developing umbilical hernia
complications. Early repair of umbilical hernia with nar-
row URD is therefore recommended.
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ABSTRACT

Introduction and aim. Vitamin-A-deficiency is a public health problem among preschool children of Nigeria. Study determined
the contribution of bread and biscuits to vitamin A-daily-requirement of preschool children in Lagos-State, Nigeria.

Material and methods. A community-based-study using a cross-sectional-design with analytical component was carried out
from 2013-2015. Multi-stage-sampling-technique was used to select mothers of preschool-children (n=1599) in 5 Local-Gov-
ernment-Areas of Lagos. Respondents’ socio-demographic information and samples consumption-pattern were collected us-
ing validated, food-frequency-questionnaire/dietary recall. Retinyl palmitate content of randomly selected commonly-con-
sumed brands of oven-fresh-bread stored for 5-days and biscuits (30- to 60-days) at prevailing outdoor-market-temperatures
were analysed using High-Performance-Liquid-Chromatography. Contribution to preschool children’s vitamin A-daily-require-
ments were determined. Data were analysed using Student’s t-test and ANOVA at p<0.05.

Results. Mean age of preschool children was 31.44+5.28 months. Mean intakes of samples were bread (117.6 +15.9 g/d) and bis-
cuits (59.8+27.9 g/d). Range of contribution to vitamin-A-daily-requirement of preschool-children was 0-178.4 %. Samples contri-
bution to vitamin A-daily-requirement of pre-school-children were oven-fresh bread (68.3 %); 5 days bread (20.7%); 30-days biscuits
(25.0%) and 60-days biscuits (6.8%). Overall contribution to vitamin A-daily-requirement were bread (51.4%) and biscuits (22.4%).
Statistically significant difference existed between samples contribution and vitamin-A-daily-requirement of preschool children.
Conclusion. Bread and biscuits samples contributed significantly to the vitamin-A-daily-requirement of preschool children.
Keywords. biscuits, bread, vitamin A daily requirement

Introduction Consequences of VAD include preventable child-

Vitamin A deficiency (VAD) is a global public health
problem. The global prevalence of VAD is 29% and this
is similar to that of Nigeria (29.5%)." In 2013, vitamin
A deficiency affected approximately one third of pre-
school children (24 to 59 months), with the highest rate
in Sub-Saharan African countries (48%) and South Asia
(44%).* The main demographic groups most vulnerable
to VAD are preschool children (0-59 months), pregnant
and lactating mothers.

hood night-blindness in children, increased risk of dis-
eases (diarrhoea and measles), stunting, anaemia and
premature death from severe infections."**> A com-
mon cause of vitamin A deficiency might be a shift in
the local diet to imported, processed and ready-to-eat
foods. The high prevalence of VAD in Nigeria might be
as a result of low dietary intake of vitamin A rich foods
because Nigerian food staple is dominantly carbohy-
drate-rich foods which are very low sources of vitamin
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A except the biofortified crops which are rich in be-
ta-carotene.® Nigeria is biofortifying cassava and sweet
potatoes with beta-carotene (a pre-cursor of vitamin A)
but the availability and accessibility of these biofortified
crops to consumers in the local markets is limited.

Food fortification is recognised as a long-term strat-
egy, most reliable, safe, and cost-effective means of erad-
icating and controlling micronutrient deficiencies and
delivering nutrients to the population at large.”* While
vitamin A supplementation reduces child mortality
by 23-35%, vitamin A fortification of commonly con-
sumed processed foods reduces deaths among infants
and preschool children by 11-45%.° However, an Indo-
nesian study reported that some fortified products do
not contribute substantially to the total vitamin A in-
take of the poorest segments of the society.'® To make
good judgments on the benefits of current fortification
practices and the opportunities for fortification in the
future, it is important to assess how fortified foods con-
tribute to nutrient intakes across the population.'* For-
tified foods are foods to which important nutrients that
are not naturally contained in them are added in order
to prevent or eradicate some demonstrated deficiencies
of those nutrients in the at-risk groups. These fortified
foods thereby serve as food vehicles for delivering the
nutrients to the vulnerable groups. Example is vitamin
A. Wheat flour has been fortified with vitamin A in Ni-
geria since 2004 at 30,000IU/Kg as a long-term strate-
gy to eradicate vitamin A deficiency in the country and
it is a major raw material for the production of bread
and biscuits. This fortification level has been recently re-
viewed.'> Low vitamin A stability has been reported in
vitamin A fortified wheat flour, bread and biscuits in Ni-
geria. >

In Ghana, the average consumption weight of flour
products was 56 g/day.'” Lagos State has the highest
consumption of flour products (8.89%) and household
expenditure pattern in the consumption of baked/pro-
cessed products (5.1%) in Nigeria (share in food expen-
diture).’®!® However, the contribution of these vitamin
A fortified wheat flour products to the daily nutrient
requirement of preschool children has not been deter-
mined. The vitamin A Recommended Daily Allowance
(RDA) for preschool children (1-6 years) has been given
as 400 ug retinol/day (1,333 IU/day).*® Generally, pro-
vision of 15-50% of the RDA can meet both nutritional
and safety goals of vitamin A.*'"** Vitamin levels used in
food fortification are normally within the safe range of
15-25% of the RDA per serving or at least one-third (10-
15%) of the children’s vitamin A RDA.?* Some countries
have assessed the RDA contribution of their vitamin A
fortified foods in their preschool children and reported
thus: 50% South Africa; 35-55% from Chapattis in ru-
ral Bangladesh; 15-30% in Brazil and Vietnam and 33%
in baked Pandesal in Philippines.”***” Fortified foods

contributed one-half of recommendation in vitamin A
intake in poor urban Guatemalan Toddlers. *®

Vitamin A contents and stability in flour, bread
and biscuits and their compliance level have been
studied in Nigeria.'*"'®? But the contribution of
bread and biscuits to vitamin A daily requirement
of preschool children in Nigeria has not been joint-
ly determined. It cannot be assumed that just because
bread and biscuits were made with ‘vitamin A forti-
fied wheat flour’ that they will contribute adequately
to the vitamin A daily requirement of preschool chil-
dren given that low vitamin A stability has also been
reported in these products.

Aim

The aim of this study was to determine the contribution
of bread and biscuits to vitamin A daily requirement of
preschool children in Lagos State, Nigeria.

Material and methods

Ethical considerations

The study was approved by the University of Ibadan/
University College Hospital (UI/UCH) Health Re-
search Ethics Committee, Institute of Advanced Medi-
cal Research and Training (IMRAT) (UI/IRC/07/0095).
On-the-spot written voluntary informed consent was
obtained from mothers willing to participate in the sur-
vey. All the bakers that agreed to participate supplied
free bread samples.

Study design/Area

A cross-sectional design with analytical component
was used to carry out a study in 5 out of 20 Local Gov-
ernment Areas (LGAs) in Lagos State namely: Agege,
Mushin, Oshodi/Isolo, Lagos Island, and Ikorodu LGAs
representing the poor-urban communities in the three
senatorial districts in the State. The population of the
LGAs were Oshodi-Isolo (602,159), Agege (459,939),
Mushin (633,009), Lagos Island (317,720) and Ikorodu
(535,619).3°

Study population

The study population comprised of preschool children
who were children from the ages of two to less than 6
years (24-59 months) and their mothers. These group
of children are just beginning to go to school and those
who were enrolled in school earlier than the enrollment
age are in nursery and primary one classes. In Nige-
ria, parents enroll their children in schools earlier than
the age of enrollment probably because some of them
are working class mothers. These group of children are
among the at-risk groups for VAD. The respondent was
the mother since preschool children cannot remember
their food intake.** Until children have reached the de-
velopmental stage when they are able to give account of
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their food intake and can begin to conceptualize (ap-
proximately 7-8 years), the onus for dietary reporting is
on the parents.’” In a dietary recall studies, which com-
pared the results of direct observation of children’s food
intake with 24-hour recalls by parents, the evidence sug-
gests that parents can be reliable reporters of their chil-
dren’s food intake in the home setting.**

Study sample products

The study sample products were breads and biscuits
baked with wheat flour fortified with vitamin A (30,000
IU/Kg). After the study population, it became necessary
to sample biscuits and breads which were the food prod-
ucts under study from bakeries and shops.

Determination of sample size (n)

The sample size for the study was estimated based on the
prevalence of household consumption of flour-based
products (5.1%) considering 95% confidence interval, a
relative precision of 5% and a design effect of 3.>** This
gave a total sample size (n) of 320 preschool children
per LGA.

n= DEFF* Z%pq/ d

where:

n = Minimum sample size

DEFF = Design Effect = 3%

VA = Standard score corresponding to a given confi-
dence level. Example, at 95% confidence level or
5% level of significance (0=0.05), Z=1.96.

P = 5.1% = prevalence of household consumption
of flour-based products (5.1%)"®

q = (1 - p) or percentage of failure which is 100 -
5.1% = 94.9%

d = Precision limit or proportion of sampling error

(standard error) was 5% confidence limit.
n = DEFF + Z°P (1-p) / d*

— n=3*(1.96)*x0.051 x 0.949 = 222

(0.05)
Adjustment of sample size for individual non-response:
10 % non-response (90 % response)
— n=222/0.9 =246
Adjustment of sample size for household non-response:
23 % non-response (77 % response)
— n = 246/0.77 = 319 .5 households
The number was rounded up to 320 households/LGA.
Total Sample size for the 5 LGAs = 320 households * 5
LGAs = 1600 households

Sample and sampling technique

Eligibility criteria

Inclusion criteria: Households were included in the
study if the households/children (24-59 months) con-
sume bread and biscuits.

Study location was selected based on the State that had
the highest consumption of bread and biscuits. Lagos
State was chosen for this study because it had the high-
est consumption of bread and similar foods (8.89 %) in
Nigeria.'®

Exclusion criteria: Households were excluded from
the study if the households/children (24-59 months)
does not consume bread and biscuits.

A three-stage stratified systematic random sam-
pling technique was used to select LGAs, wards and
households using probability proportionate to size tech-
nique. Lagos State is made up of 3 Senatorial Zones and
20 LGAs. The state was stratified into three senatorial
zones namely Lagos Central, Lagos East and Lagos West
Zones. Five (5) LGAs were selected out of the twenty
(20 LGAs) as a representative sample. The number of
LGAs that was randomly selected from each of the sena-
torial zones was proportionately calculated to get Lagos
Central (1 LGA); Lagos East (1 LGA) and Lagos West
(3 LGAs). Probability proportionate to size technique
was also used to selected 22 wards out of 107 wards as
follows: Oshodi/Isolo LGA (4 wards); Ikorodu LGA (7
wards); Mushin LGA (4 wards); Lagos Island (4 wards)
and Agege LGA (3 wards). This technique was also
used to select the number of children across the wards
to make up the sample size per LGA. A pair of moth-
er and child between 24 -59 months old was selected
from the identified households to make up the 320 pre-
school children selected from each of the five LGAs. All
eligible pairs in the selected households were included
in the study.

Data collection

Data on socio-demographic information, food con-
sumption pattern and repeated 24-hour dietary re-
call were collected using a pre-tested, structured and
semi-quantitative interviewer-administered food fre-
quency questionnaire (FFQ).>**® After the pre-test,
leading, ambiguous, repetitive and irrelevant questions
were eliminated and double barrel questions were re-
written as separate questions based on literature and
expert advice. The FFQ were administered to mothers
with the help of 15 trained research assistants. In the
3-days dietary recall including one weekend day 24-
hour dietary recall, respondents were asked ‘Since this
time yesterday, has the child eaten bread/biscuits? If the
answer was yes, they were probed more for brand names
and quantities in packets, prices (N) and slices with-
in the three days similar to the study done by Brand.*
Names and quantities in packets, prices and slices en-
abled the researchers to source and calculate the actual
grammes of samples consumed by the preschool chil-
dren for the estimation of the contribution (vitamin A
intake IU/g) of the samples to the daily nutrient require-
ment of the children. Sample conversion from price to
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grammes weight, slice to grammes weight and packet
to grammes weight were determined afterwards to get
gramme consumptions per child.*” Children that con-
sumed same grammes of bread/biscuits were grouped
together for each LGA and mean number of children
calculated. These portion sizes and number of children
were then used to calculate the vitamin A (IU) content
of samples per gramme, mean, total vitamin A in sam-
ples consumed and their contribution to the daily re-
quirement of the children (% RDA). A ‘narrow interval’
was used for bread consumption (g)/child to enable the
researchers to calculate the actual vitamin A intake per
child. One 3-day including one weekend day 24-hour
recall each was done during school and holiday periods
to accommodate the effects of seasonal variation.
Samples for vitamin A analysis were sourced from
retail outlets (biscuits) and bakeries (bread) rather than
directly from factories and milling companies because
the study was seen as an evaluation of the levels of vita-
min A actually present in samples as finally consumed
by the public rather than levels present at the point of

manufacture as done by*® The most commonly con-
sumed bread samples were collected by researcher from
15 bread hawkers and non-hawkers and 8 brands of
biscuit samples were purchased in cartons from major
markets in the study LGAs (Ejigbo, Mushin and Osho-
di markets). Samples consumed by at least 5% of the to-
tal population per LGA were included and regarded as
commonly consumed.*®

Laboratory analysis of vitamin A contents of bread and
biscuits

Data on pre-storage (at collection (day 1)) and post-stor-
age (5-days storage (bread) and biscuits (30- and 60-
days storage)) vitamin A (retinyl palmitate) contents of
samples were obtained by direct laboratory analysis us-
ing HPLC as cited in sources.'®'>'®

Calculation of contribution of samples to the vitamin A
daily requirement of U-5

The contribution of bread and biscuits to vitamin A dai-
ly nutrient requirement of pre-school children was esti-

Table 1. Socio-demographic characteristics of children and their mothers (N=1599)

Local Government Areas

Variables Agege lkorodu Lagos Island Mushin Oshodi/lsolo
Gender of children
Male, n (%) 141 (44.1) 146 (45.6) 177 (55.5) 183 (57.2 159 (49.7)
Female, n (%) 179 (55.9) 174 (54.4) 142 (44.5) 137 (42.8) 161 (50.3)
Age of children (months)
23-35,n (%) 196 (61.3) 160 (50) 274 (85.9) 138 (43.1) 102 (31.9)
35-47,n (%) 74 (23.1) 100 (31.2) 29(9.1) 81 (25.3) 127 (39.7)
47-59, n (%) 50 (15.6) 60 (18.8) 16 (5) 101 (31.6) 91 (28.4)
Mean age (months) 31.44+5.28
Child’s education
None, n (%) 74 (23.1) 134 (41.9) 39(12.2) 50 (15.6) 60 (18.8)
Nursery, n (%) 230(71.9) 150 (46.9) 241 (75.6) 170 (53.1) 246 (76.8)
Primary 1, n (%) 16 (5) 36 (11.2) 39(12.2) 100 (31.3) 14 (4.4)
Age of mothers (Years)
18-29, n (%) 62(19.4) 134 (41.9) 153 (48) 16 (5) 205 (64.1)
30-39, n (%) 206 (64.3) 150 (46.9) 135 (42.3) 228 (71.3) 115 (35.9)
40+, n (%) 52(16.3) 36(11.2) 31(9.7) 76 (23.7) 0(0)
Mean age (years) 36.11+£4.22
Maternal education
No formal education, n (%) 2(0.6) 10 (3.1) 21 (6.6) 39(12.2) 16 (5)
Primary School, n (%) 34(10.6) 48 (15) 18(5.6) 34(10.6) 68 (21.3)
Secondary School, n (%) 121 (37.8) 136 (42.5) 154 (48.3) 58 (18.1) 134 (41.8)
Tertiary Institution, n (%) 142 (44.4) 110 (34.4) 91 (28.5) 189 (59.1) 102 (31.9)
Dropped out, n (%) 21 (6.6) 16 (5) 35(11) 0(0) 0(0)
Maternal occupation
Full house wife, n (%) 57(17.8) 50(15.6) 31(9.7) 48 (15) 66 (20.6)
Artisan, n (%) 46 (14.4) 40(12.5) 15 (4.7) 42 (13.1) 57(17.8)
Skilled worker, n (%) 122 (38.1) 110 (34.4) 73 (22.9) 157 (49.1) 66 (20.6)
Trading, n (%) 95 (29.7) 120 (37.5) 159 (49.8) 73(22.8) 115 (36)
Unemployed, n (%) 0(0) 41(12.9) 0(0) 16 (5)



84

European Journal of Clinical and Experimental Medicine 2022; 20 (1): 8092

mated as a proportion of vitamin A contents of samples
and mean consumption grammes of commonly con-
sumed samples per child per sample to the recommend-
ed dietary allowance (RDA) using data from the 3-days
24-hour dietary recall. This estimation was based on the
vitamin A RDA (400 pg retinol/day (1,333 IU/day)) for
pre-school children.?® Calculation was done based on
grammes weight and number of packets eaten by specif-
ic number of children. Percentage DNR was calculated
for day 1, day 2, one weekend day, and the mean val-
ue taken. Samples that had zero vitamin A values in the
2 storage periods were excluded from the study during
data calculation and analysis. The percentage contribu-
tion of each sample to vitamin A DNR was calculated
using the following formulae:

Mean vitamin A intake per child per sample =

— Total vitamin A intake per sample (IU)

Total number of children

% vitamin A daily requirement/child =

— Sample mean vitamin A intake/child (IU) y 1gq
RDA of age group (1,333 IU/day)

Statistical analysis

Data were entered into Excel sheet, cleaned and pre-
sented in tables, mean and percentages. Student’s t-test
and ANOVA were used to analyse the statistically sig-

nificant differences between samples using the Statistical

Package for the Social Sciences (SPSS) 15.0 version 15 at
p<0.05. Out of the 1,600 questionnaires collected, one

was disqualified during data entry because consumption

of bread and biscuits by the child were not reported thus

bringing the total questionnaires used to n = 1,599. Re-
sponse rate was 99.94 %.

Results

Table 1 shows the socio-demographic characteristics of
the children and their mothers who were the respon-
dents for the study (N=1599). The mean age of children
across the LGAs was 31.44+5.28 months.

Table 2 shows that the bread brands most common-
ly consumed by pre-school children across LGAs were
Agege bread (70.6 %), Premium HarvestPlus sliced bread
(8.9 %) and Queensmeal sliced bread (6.9 %). The un-
branded Agege bread was the most frequently consumed
white bread across the LGAs 1130 (70.6 %).

Table 3 shows the eight (8) commonly consumed
biscuit brands: wafers (6.9%), coaster (16.87%), crackers
(12.73%), butter bread (15.2%), spicy fish (6.3%), diges-
tive (8.9%), richtea (10.5%) and noreos (15.8%). These
were the brands of biscuits normally consumed by the
preschool children.

Tables 4 shows that a statistically significant difference
existed between commonly consumed brands of bread as-
sessed for vitamin A content and other brands of bread

Table 2. Brands of bread consumed by pre-school children across the LGAs

Local Government Areas

Oshodi/lsolo Agege Mushin Lagos Island lkorodu Total
Bread Brand n (%) n (%) n (%) n (%) n (%) n (%)
None 19 (5.9) 16 (5) 16 (5) 15 (4.7) 10 (3.1) 76 (4.8)
Agege 210 (65.7) 250(78.1) 236 (73.8) 180 (65.8) 254 (79.4) 1130 (70.6)
HarvestPlus 32(10) 10 (3.1) 58(18.1) 11 (3.5) 12(3.8) 123(7.7)
Queens meal 27 (8.4) 13 (4.1) 0(0) 60 (18.8) 10(3.1) 10 (6.9)
Fresh bake 11 (3.4) 7(2.2) 0(0) 0(0) 10 (3.1) 28(1.8)
Family bake 5(1.6) 10 (3.1) 0(0) 15 (4.7) 4(3.1) 34 (2.1)
Today'’s bread 0(0) 0(0) 0(0) 14 (4.4) 7(2.2) 21(1.3)
UTC 6(1.9) 4(1.3) 0(0) 5(1.6) 0(0) 15(0.9)
Val-U 5(1.6) 0(0) 0(0) 9(2.8) 8(2.5) 22(1.4)
Ok Special - - 2(0.6) 2(0.6) 4(0.3)
Butter Field - 1(0.3) 2(0.6) 1(0.3) 4(0.3)
Tea Mate - 1(0.3) 2(0.6) 1(0.3) - 4(0.3)
Quin Tea 1(0.3) 1(0.3) - - 2(0.1)
DonitPremium - 1(0.3) 1(0.3) 2(0.1)
Good Luck - 1(0.3) - 1(0.3) 2(0.6) 4(0.3)
Flourish - 1(0.3) - - 1(0.3)
Premier Special - 3(0.9) - 2(0.6) - 5(0.3)
Malta Chocolate - 2(0.6 1(0.3) - 3(0.2)
Nouvelle - - 2(0.6) 1(0.3) - 3(0.2)
Ifelodun 4(1.3) 1(0.3) 2(0.6) 1(0.3) - 8(0.5)
Total 320 320 320 319 320 1599
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consumed by preschool children (F =107.163, p=<.001).
The Post hoc test conducted also shows that the consump-
tion of Agege bread brand was significantly higher than the
consumption of other bread samples (p<0.05).

Table 5 also shows that there was a statistically
significant difference between commonly consumed
brands of biscuits used for vitamin A content analysis
and other brands of biscuits consumed by preschool
children (F=3.605, p<.001).

Table 6 shows the vitamin A contents of bread
and biscuit samples according to their storage periods.
Mean vitamin A content of oven-fresh bread was 7,571.6
IU/Kg and at the 5th day (1,460.6 IU/Kg). Mean vita-
min A content of 1- and 2-months stored biscuits were
5,164.7+4,851.7 IU/Kg and 739.9 +1361.5 IU/Kg respec-
tively. Mean calculation excluded samples that had zero
vitamin A values in the 2 storage periods in order to get

the actual vitamin A value in the samples that retained
vitamin A to avoid ‘watering down effect. For those sam-
ples that had zero vitamin A, it could be that there was
zero vitamin A fortification compliance or very poor
premix was used in the fortification of their wheat flour

Table 7 presents the mean quantity of bread con-
sumed by the children in the repeated 3-days 24- hour
recall including one weekend day 24-hour dietary recall
across LGAs. The highest weight (in gramme) of bread
and the children (in %) that consumed the biscuits
across the LGAs were Oshodi/Isolo LGA 88.3 g (12.6
%), Agege LGA 120.2 g (15.9 %), Mushin LGA 87.7 g
(2.8 %), Lagos Island LGA 76.8 g (6.6 %), and Ikorodu
LGA 113.9 g (12 %). Mean consumption of bread was
117.6+15.9 gramme per day per child.

Table 8 shows the quantities of biscuits (packets)
and number of preschool children that actually con-

Table 3. Brands of biscuits normally consumed by Preschool children in LGAs

Local Government Areas

Oshodi/lsolo Agege Mushin Lagos Island lkorodu Total
Biscuit Brand n (%) n (%) n (%) n (%) n (%) n (%)
None 62 (19.4) 171 (53.4) 205 (64) 167 (52) 170 (53.1) 775 (48.5)
Wafers 22 (6.9) 9(2.8) 25(7.8) 16 (5) 10 (3.1) 82 (5.1)
Coaster 43 (13.5) 43(13.5) 0(3.1) 65 (20.3) 10 (3.1) 171 (10.7)
Crackers 38(11.9) 41(12.9) 0(3.1) 37(11.6) 12(3.8) 138 (8.6)
Butter bread 46 (14.4) 3(0.9) (1 .3) 1(0.3) 9(2.8) 63(3.9)
Spicy fish 19 (5.9) 2 (0.6) 5(4.7) 4(1.3) 12(3.7) 52(3.3)
Mini cookies 7(2.2) 3(0.9) 10 (3.1) 3(0.9) 6(1.9) (1.8)
Digestive 27 (8.5) 4(1.3) 5(1.6) 2(0.6) 8(2.5) 46 (2.9)
Richtea 32(10) 3(0.9) 4(1.3) 1(0.3) 5(1.6) (2.8)
Parle-G Glucose 7(2.2) 1(0.3) 2(0.6) 4(1.3) 10(3.1) (1.5)
Pepper Snacks 1(0.3) 2(0.6) 0(0) 0(0) 0(0) 3(0.2)
Pearl 1(0.3) 2(0.6) 2(0.6) 2(0.6) 0(0) 7 (0.4)
Cabin 2(0.6) 11(3.4) 0(0) 8 (2.5) 0(0) 21(1.3)
Football 2(0.6) 2 (0.6) 14 (4.4) 1(0.3) 8(2.5) 27 (1.7)
Twist 2(0.6) 1(0.3) 5(1.6) 2(0.6) 0(0) 10 (0.6)
Beloxxi 2(0.6) 3(0.9) 1(0.3) 3(0.9) 7 (2.2) 16 (1)
Chic-choc 1(0.3) 7(2.3) 6(1.9) 1(0.3) 5(1.6) 20(1.4)
Noreos 3(0.9) 8(2.5) 2(0.6) 2(0.6) 48 (15) 63 (3.9)
Short cake 3(0.9) 4(1.3) 0(0) 0(0) 0(0) 7(0.4)
Total 320(100) 320(100) 320 (100) 319 (100) 320(100) 1599 (100)
*Numbers in brackets are in percentages; Total of children who did not consume biscuit 775 (48.5%).
Table 4. ANOVA table showing differences in consumption of commonly consumed brands of bread in Lagos State
Brands of bread Mean* Standard Deviation F-ratio p-value
Agege 226.02 30.9 107.163 <0.001
HarvestPlus 28.6b 23.6
Sliced bread A 22.0b 233
Fresh bake 8.6d 5.6
Family bake 8.8d 5.4
Today'’s bread 4.2c 6.2
UTC 2.0c 2.8
Val-U 4.4c 43

*Means with the same letters along the same column are not significantly different
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sumed biscuits in the repeated 24-hour recall across
the LGAs. Most of the children consumed 1 packet of
biscuit per day. Mean gramme consumption of biscuits
was 59.8+27.9 gramme per day. It was observed that in
the 2h-hr dietary recall, the number of children that ac-
tually consumed biscuits were lower than that report-
ed by their mothers in Table 3. This might be expected
because biscuits were eaten as snacks and the preschool

children use them to go to school. So their consumption
in the dietary recall might have been affected by family
meals and weekend days when mothers were at home to
prepare meals for their children who are also at home.
Table 9 shows the mean biscuit consumption by
children across the LGAs in the repeated 3-day includ-
ing one weekend day 24-hr dietary recall. Approximate-
ly 59.8 % of the children did not consume biscuits and

Table 5. ANOVA table showing differences in consumption of commonly consumed biscuit brands*

Mean* Std. Deviation F-value p-value

Wafers 16.40002 7.09225 3.605 <0.001
Coaster 34.2000° 23.84743

Crackers 27.6000° 15.24139

Butter bread 12.6000° 18.90238

Spicy fish 10.4000¢ 7.23187

Mini cookies 5.8000¢ 2.94958

Digestive 9.2000¢ 10.18332

Richtea 9.0000¢ 12.94218

Parle G 4.8000¢ 3.70135

Pepper Snacks 1.4000f 0.89443

Pearl 5.4000¢ 5.54977

Cabin 2.0000f 1.87083

Football 3.2000f 2.28035
Twist 4.0000¢ 2.82843

Beloxxi 12.6000¢ 19.94492
Chic-choc 1.4000f 1.94936

Noreos 3.8000f 3.03315

Short cake 3.8000f 3.63318

*Means with the same letters along the same column are not significantly different

Table 6. Vitamin A contents of bread and biscuit samples according to their storage periods

Bread samplesb

Vitamin A content (IU/Kg)

Vitamin A content (1U/kg)

S/Na LGAs Oven-fresh 5 (days) Biscuit brands 1 month 2 months
Agege bread (A)
1 Agege 3,434 Spicy fish 0 0
2 Agege 12,597 Coaster 1,847.7 0
3 Agege 0 Digestive 6,797.6 0
4 Agege 18,239 6,344 Richtea 12,873 3,136
5 Agege 0 Wafers 0 0
6 Agege 17,472 Cream Cracker 0 0
7 Agege 5615 Butter bread 3,361.5 0
8 Agege 998.7 678.8 Noreos 943.8 563.6
9 Agege 3,438.1 2,221.8 aMean 5,164.7 739.9
10 Agege 4,826.8 3,031.2 +4,851.7 +1361.5
1 Sliced bread B 0
12 Sliced bread B 0
13 Sliced bread C 0
14 Sliced bread C 0
15 Sliced bread C (Mixed 1524 869.7
flour)
cMean 7,571.6 1,460.6
+6,730.6 +2,132.7

a1-2=Agege LGA; 3-4, 13-15=Mushin; 5-6=Lagos Island, 7-8=0shodi/Isolo LGA; 9-10= Ikorodu LGA; 11-12 Ojo LGA; bBread
samples; cExcluding samples that had zero vitamin A values in the 2 storage periods.
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Table 7. Mean bread consumption quantities by preschool children in repeated 24-hour recall across the LGAs

Local Government Areas (LGAs)

Bread consumption Oshodi/lsolo Agege Mushin Lagos Island lkorodu
(9)/child (%) (%) (%) (%) (%)
0 213.5+134 214+14.1 286+2.8 251.5+6.4 246.5+0.7
(65.0) (66.9) (89.4) (78.8) (77)
384 3.5+2.1 - - 9+1.4 -
(1.3) (2.8)
65.1 - - - 21+1.4 12.5+£3.5
(6.6) (3.9)
76.8 2 45+35 4.0+1.4 4.5+3.5 -
(0.7) (1.4) (1.3) (1.4)
80.1 - 16+8.5 8+1.4 1£1.4 -
(5.0) (2.5) (0.3)
87.7 - 1£1.4 9+1.4 14+£1.4 -
(0.3) (2.8) (4.4)
88.3 38.5+4.9 314 - - -
(12.6) (0.9)
97.7 - - - - 18.5£5.0
(5.8)
113.9 - - - - 38.5%+2.1
(12)
115.3 7.0+ 0.0 51.0+12.7 3.0£14 3.5+4.9 -
(2.3) (15.9) (0.9) (1.1)
120.2 - 0+1.4 6.512.1 2. -
(0.9) (2.0) (0.6)
130.2 - - - - 4.0+5.7
(1.3)
1324 28.5%+2.1 - - - -
(9.2)
147.8 - 1£1.4 1£14 4+1.4 -
(0.3) (0.3) (1.4)
153.7 0.5+ 0.7 17.5£12 1.0£1.4 4.0+2.8 -
(0.3) (5.5) (0.3) (1.4)
160.2 - 7142 1.5+£0.7 3+14 -
(2.2) (0.5) (0.9)
176.5 26.5+7.8 - - - -
(8.6)
240.3 - 2 - 1+£2.1 -
(0.6) (0.3)
Total 320(100) 320(100) 320.0 (100) 319.0(100) 320(100)

aFigures in parenthesis are in percentages; Mean total zero (0.0) consumption was 1211.5 (75.76 %)

Table 8. Mean number of children and quantity of biscuit brands commonly consumed in packets in 24-hr dietary recall

Number of biscuit packets per child/LGA

Biscuit Oshodi/lsolo Agege Lagos Island Mushin lkorodu
brands LGA LGA LGA LGA LGA

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

pkt pkts pkts pkts pkt pkts pkts pkts pkt pkts pkts pkts pkt pkts pkts pkts pkt pkts pkts pkts
Wafers 10 14 7 7 5 4 0 0 3 0 0 0 8 2 0 0 7 3 0 0
Coaster 19 13 10 1 24 16 2 1 47 20 1 0 20 5 0 0 8 2 0 0
Crackers 16 14 8 0 22 18 1 o 17 13 7 0O 10 O 0 0o 10 2 0 0
Butter 25 14 11 2 2 1 0 0 0 0 0 0 4 0 0 0 8 1 0 0
bread
Spicyfish 8 7 3 1 0 0 0 0 0 0 0 0 13 2 0 0 12 0 0 0
Digestive 12 10 4 1 0 0 0 0 2 0 0 0 5 0 0 0 5 0 0 0
Richtea 17 10 2 1 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0
Neroes 0 0 0 0 8 0 0 0 2 0 0 0 2 0 0 0 40 6 0 0
Total 107 82 45 13 61 39 3 1 71 33 8 0 62 9 0 0 9 14 0 0

Pkts = packets
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Table 9. Mean biscuit consumption in 3-days including one weekend day 24-hr dietary recall by children across the LGAs

Biscuit consump- Oshodi/lsolo Agege Lagos Mushin lkorodu Mean Total
tion Island
(Packets)
0 73(22.8) 216 (67.5) 207 (64.9) 249 (77.8) 211 (65.9) 956 (59.7)
1 107 (33.4) 61(19.1) 71(22.3) 62 (19.4) 95 (29.7) 396 (24.8)
2 82 (25.6) 39(12.2) 33(10.3) 9(2.8) 14 (4.4) 177 (11.1)
3 45 (14.1) 3(0.9) 8(2.5) 0(0) 0(0) 56 (3.5)
4 13 (14.1) 1(0.3) 0(0) 0(0) 0(0) 14 (0.9)
Total 320 (100) 320 (100) 319 (100) 320(100) 320(100) 1599 (100)
Table 10. Contribution of bread to vitamin A daily requirement of preschool children
Bread Vitamin A con- Portion size Total vitamin A %
Sample? tent (9) IU (ugRE) /day Contribution to RDAb
1U/g (ugRE/g)
1 Agege bread 128.2+11.5
Oven-fresh 3.4(1.0) 447.5+44.5 (134.4+13.4) 33.6£3.3
2 Agege bread 128.2+11.5
Oven-fresh 12.6 (3.8) 1614.7+145.2 (484.9+43.6) 121.1£10.89
3 Agege bread 100.0+0.3
Oven-fresh 18.2 (5.5) 1821.4+2.4 (547+0.7) 136.6+0.2
5 days 6.3(1.9) 635.0+1.2 (190.7+0.4) 47.6+0.1
4 Agege bread 131.7+27.9
Oven-fresh 17.5(5.3) 2377.6£377.6 (714+£113.4) 178.4+28.4
5 Agege bread 131.7£27.9
Oven-fresh 5.6(1.7) 764.08+121.37 (229.45+36.45) 57.319.1
6 Agege bread 126.5+2.3
Oven-fresh 1.0 (0.3) 126.4+2.3 (38+0.7) 9.5+0.1
5 days 0.7 (0.2) 85.9+1.6 (25.8+0.5) 6.45+0.1
7 Agege bread 126.5+2.3
Oven-fresh 3.4(1.0) 435.7 £7.8 (130.8+2.3) 32.7+.6
5 days 2.2(0.7) 281.2+5.0 (84.4%1.5) 21.1+4
8 Agege bread 102.4+4.6
Oven-fresh 4.8 494.7+22.2 (148.4+6.7) 37.1x1.7
5 days 3.0 296.8+5.2 (89.1+£26.7) 22.3+04
9 Sliced bread (C) 93.9+1.4
Oven-fresh 1.5(0.5) 138.8+18.3 (41.68+5.5) 10.5+1.3
5 days 0.9(0.3) 79.2+10.4 (23.78+3.1) 6.0+0.8
Total 5.8+6.0 117.6%£15.9 685.5+725.1 (205.7) 51.4+54.4

RDA= Recommended Dietary Allowance; 2 Samples with zero vitamin A contents were excluded; bRDA = 1333 |U/ 400 ugRE/
day for 24-59 months old children'; 1 RE = 3.33 IU for fortified foods or vitamin A activity from retinol; 1 .U = 0.3 ugRE

this was considered high even though not unexpected
since biscuits are snacks and not the main meals eaten
by the preschool children. The number of children that
actually consumed biscuits were 643 (40.2 %). Approxi-
mately 25% consumed 1 packet of biscuit.

Table 10 shows the vitamin A contribution of ov-
en-fresh and 5-days bread to vitamin A daily requirement
of preschool children. Mean daily consumption of bread
was 117.6+15.9 g. The contribution of bread to preschool
children’s vitamin A nutriture ranged from 6 to 178 % ex-
cluding six (6) samples that had zero vitamin A content.
Mean vitamin A contribution was 51.4 %+54.4.

Table 11 presents mean contribution of common-
ly consumed biscuit brands to vitamin A daily require-
ment of preschool children. The mean grammes intake
of biscuits per day was 59.8+27.9g while the mean to-
tal vitamin A intake of biscuits per day was 298.8+354.1
IU/day (98.3 ugRE/day) and this contributed 22.6+26.5
percent to vitamin A daily requirement of the children.

Figure 1 shows the vitamin A contents of bread and
biscuits derived after vitamin A analysis at different storage
periods. These values were used to estimate the contribu-
tion of the samples to the vitamin A daily requirement of
the preschool children in IU per day and RDA percentages.
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Table 11. Mean contribution of biscuits to vitamin A daily requirement of U-5 children

Vitamin A con-

Biscuit N tent Portion size Total vitamin A % Contribution
IU/g (9) IU/g to RDA

Coaster

Oshodi/lsolo 43 1.9 499 923 6.9

Agege 43 41.7 771 5.8

Lagos Island 68 36.0 66.5 5.0

Mushin 25 32,6 60.3 4.5

Mean 45 40.1+7.6 74.0+14.0 5.6x1.1

Digestive

Oshodi/lsolo 32 6.8 142.0 965.5 724

Lagos Island 2 85.8 582.9 43.7

Mushin 4 85.8 5829 43.8

Mean 13 104.5+32.5 710.4+220.9 53.3+16.6

Richtea

1 (day)* 30 12.9 826 1063.1 79.8

30 (days)* 30 3.1 51.7 162.1 12.2

Mean 67.1+21.9 612.6+637.1 46.0+47.8

Butter bread

Oshodi/lsolo 52 34 735 2244 16.8

Agege 3 34 47.7 160.3 12.0

Mushin 4 34 35.8 120.2 9.0

Mean 52.31+19.29 175.6+65 13.2+4.9

Nereos

Ikorodu

1 (day)* 46 1.0 345 325 24

30 (days)* 46 0.6 353 19.4 1.5

Mean 34.9+0.6 26.0+9.3 2.0+0.7

Total 31+21 4.0+£3.3 59.8+27.9 300.7+352.7 22.61+26.5

RE=Retinol equivalent; 1 ugRE = 3.33 U for fortified foods or vitamin A activity from retinol; RDA, Recommended Daily
Allowance; RDA = 1333 LU or 400 pgRE/day"; 1 1.U = 0.3 pugRE; N = Number; *storage period
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ment of pre-school children across the 5 LGAs in La-
gos State. The mean vitamin A contribution of bread
was 51.4+54.4% per day while that of biscuits were
22.6%26.5% per day.
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Fig. 1. Vitamin A contents of bread and biscuit samples at
different storage periods

Figure 2 shows the mean contribution of bread and
biscuits to the vitamin A daily requirement in Inter-
national Units per day (IU/day) of preschool children
across the 5 LGAs in Lagos State. The mean vitamin A
intake (IU/day) for bread and biscuits were 685.5+725.1
IU/day and 300.7+352.7 IU/day respectively.

Figure 3 shows the mean percentage contribution
of bread and biscuits to the vitamin A daily require-
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Fig. 2. Mean contributions of bread and biscuits to the

vitamin A daily requirements of preschool children in
International Units per day (IU/day).
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Fig. 3. Mean percentage contributions of bread and
biscuits to the vitamin A daily requirement of preschool
children

Discussion

The mean consumption gramme of bread by the pre-
school children was approximately 118 g per day while
the mean total vitamin A intake was approximately 686
IU (206 pg RE). This vitamin A intake was more than
half of the level recommended by the Indian Council of
Medical Research (ICMR) (1333 IU/day) for preschool
children.?® Oven-fresh bread contributed significantly
to the vitamin A daily requirement (68.3%) of preschool
children than the five days bread (20.7%) (p<.05). This
contribution of bread ranged from 0 -178 % inclusive
of samples that had zero vitamin A contents. The mean
total contribution of bread to vitamin A requirement of
the children was 51%. Bread therefore contributed one-
half of recommended vitamin A daily requirement in
poor-urban Lagosian pre-school children. This result in-
dicated that bread made from vitamin A fortified wheat
flour can make an important contribution to the vitamin
A daily requirement of preschool children if adequately
fortified and consumed. This contradicts the concern that
some fortified products do not contribute substantially to
the total vitamin A intake of the poorest segments of the
society.'® The contribution of bread to vitamin A require-
ment of the children in this study was similar to and even
higher than the values obtained in Bangladesh chapat-
tis, 35-55% and Philippine pandesal, 33%.>** Preschool
children are one of the at-risk groups for VAD. The aim
of vitamin A fortification of wheat flour is to use it as one
of the long-term sustainable strategies to eradicate VAD
among vulnerable groups.

Nevertheless, a closer look at those three bread sam-
ples that contributed above 100 % vitamin A to this
study group might spark a little worry for consumers
from affluent homes who have access to animal sourc-
es of vitamin A and also consume bread regularly. They
might stand a risk of over-consumption of vitamin A.
This is due to the unusually high level of vitamin A forti-
fication of wheat flour in Nigeria. Nigeria started fortify-
ing wheat flour with vitamin A with 30,000 IU/kg (9 mg/
kg) in 2004. Even though, most of the bread samples did

not have vitamin A content, some of those that had, had
excess and contributed as high as 178%. A study sug-
gested that there may be no risk of pre-disposition of
consumers to hyper-vitaminosis as previously speculat-
ed.”® But the result of this study has confirmed that the
possibility of hyper-vitaminosis is a fact not speculation.
This result helps to justify the revised Nigerian vitamin A
fortification level which is now less than 30,000 1U/kg."
Fortification programs that add preformed vitamin A to
foods should carefully adjust the fortification levels to
benefit consumers whose diets are most deficient with-
out exposing wealthier segments of society, whose diets
might be richer in preformed vitamin A, from consum-
ing excessive amounts. This is because vitamin A if con-
sumed in excess, is hypertoxic. However, vitamin A zero
bread samples contributed zero vitamin A to the dietary
intake of children that consumed them. To ensure that
all the groups of consumers benefit from vitamin A for-
tification, proper choice of vehicles should be made, use
of good premix or vitamin A matrices, lower fortifica-
tion levels and enforcement of compliance will bridge
all these risks.

The average weight consumption of biscuits (59.8
g) was similar to that reported in Ghana (56 g/day of
flour products).'” Biscuits stored for one month contrib-
uted a higher vitamin A value (25%) than that stored
for 2 months (6.8 %). Biscuits contributed one-fifth
(22.4%+26.6%) of the vitamin A daily requirement of the
children. This result was within the range obtained in
Phillipine for 4-6 years old children (10-46% for vita-
min A); lower than that obtained in Vietnam (30%) and
South Africa (50%).>?>** Conclusively, the result ob-
tained in this study is within the recommendation that
wheat flour products fortified at 2.1 ugRAE/g or 7 IU/g
at <75 g/day flour intake will contribute approximate-
ly 22% of RDA for preschool-aged children vitamin A
daily requirement.?' The Researchers recommend that
Nigeria should fortify wheat flour at 7,000 IU/kg using
a good vitamin A matrix for the premix. Consequently,
Nigerian vitamin A fortification of wheat flour has been
revised to 6,000 [U/kg."

While fortified foods contribute one-half of recom-
mendation in vitamin A intake in poor urban Guatema-
lan Toddlers, bread alone contributed the same amount
(one-half) of vitamin A requirement of pre-school-aged
children in Lagos state and biscuits contributed one-
fifth of the DNR.*” The classification of fortified foods
is the responsibility of the authorities of each country.>®
Vitamin levels used in food fortification are normally
within the safe range of 15-25% of the RDA per serv-
ing or at least one-third (10-15%) of the children’s vi-
tamin A RDA.?* Nigerian bread and biscuits therefore
qualify to be called fortified foods. The mean vitamin
A contribution of bread and biscuit samples fell with-
in this safe range 15-25%. According to Food and Drug
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Administration (FDA), terms to define a serving of food
that has 20% or more of the RDA include: “high”, “rich
in”, or “excellent source of” vitamin A.*® In Nigeria, a
fortified product is declared an excellent source of vita-
min A if it contributes at least 30% of Nutrient Reason-
able Value (NRV) and a good source if it contributes at
least 15% of NRV per 100g.'* Using the FDA classifi-
cation, fresh bread and biscuits are excellent sources of
vitamin A in poor-urban preschool children in Lagos
metropolis. Based on Nigerian standards, bread is an ex-
cellent source while biscuits are good sources of vitamin
A in the daily nutrient requirements of preschool chil-
dren in this study.

Conclusion

Fresh samples of bread and biscuits contributed ad-
equately to the daily nutrient requirement of the chil-
dren even though some of the samples had zero and over
contribution. There is a need to encourage retention of
vitamin A in flour-products and avoid overdose of the
vitamin if the aim and objectives of vitamin A fortifica-
tion of wheat flour in Nigeria will be met.
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ABSTRACT

Introduction and aim. Large breast sizes frequently contribute to women presenting with severe pain symptoms. This study
determined the association between breast hypertrophy, forward head posture (FHP), neck and shoulder pain related disabil-
ities and selected anthropometric variables of female undergraduate students of College of Medicine, University of Lagos.
Material and methods. A cross-sectional analytical study was conducted among 89 female undergraduate students (mean age
= 21.45+1.29 years) with breast hypertrophy (cup size D and above). Breast cup sizes, neck and shoulder pain related disabili-
ties, forward head posture were measured using a measuring tape, neck pain disability scale, shoulder pain disability index and
craniovertebral angle (CVA) using photography method.

Results. The prevalence of forward head posture among the participants was 43(48.3%). Twenty-eight (31.3%) participants had
a“DD" cup size, twenty-six (29.2%) participants had a“DDD" cup size. Sixty-five (73%) of the participants had neck pain related
disabilities and 10 (11.2%) of the participants had shoulder pain related disabilities. There was association among weight, for-
ward head posture (p=0.027) and breast hypertrophy (p=0.016).

Conclusion. Neck, shoulder pain related disabilities, and forward head posture is prevalent among undergraduates with breast
hypertrophy and weight has an influence on forward posture and breast hypertrophy.

Keywords. breast hypertrophy, craniovertebral angle, neck pain, shoulder pain

al,, revealed that in females with brassiere size A, B, or
C the thoracic kyphosis and lumbar lordosis angle was
smaller than in females with brassiere size D and above.’

Neck pain is an unpleasant sensory experience in the
neck it may present as fatigue, tension or pain that radi-
ates down to the shoulders, upper extremities or head.
Fifty percent of the populace will complain of an episode
of neck pain in their life.® Pain in the neck is associat-
ed with a lot of co-morbidities which includes headache,
back pain, arthralgias, and depression.”® The prevalence
of neck pain is higher in females than in males, and lit-

Introduction

Large breast sizes add to many health issues in women,
which could include discomfort in the neck, upper limb,
back and head, and it has been found that these prob-
lems can be so intense and severe to compel females with
breast hypertrophy to undergo breast reduction for pain
relief.! The mass and dimension of the female breast can
be different between individuals such as difference in
the volume, width, length, projections, shape, and po-
sition on the chest wall.>® Research has also shown that

hormonal changes influence breast size.* Findikcioglu et . . o L
erature is varied as to whether it rises or levels in mid-
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dle age.” Guzman et al., reported that neck pain has a
pathologic cause that can be identified and treated while
others consider neck pain of any form as a primarily
non-organic problem with psychosocial roots.”™

The prevalence of shoulder pain in the general pop-
ulation has been said to vary between 7% and 30% it
increases with age and has been said to be higher in
women than in men."'"'? According to a broad research
on conditions of living of the Japanese People conduct-
ed in 2010, 13% of women and 6% of men complained
of shoulder-neck pain.” Tenna et al. investigated the ef-
fects of decrease in breast size on posture and also de-
scribed an improvement using static stabilometry.'*

Body posture can be defined as the positioning of
the body for a particular time, while the state of slight-
ly engaging the musculoskeletal system in maintaining
body balance without generating discomfort can be re-
ferred to as ideal posture.” Forward head posture (FHP)
is the projection of the head in the sagittal plane so that
the head is placed anterior to the trunk. It can occur be-
cause of anterior shift of the head, lower cervical flex-
ion, or both, and it is also claimed to be associated with
an increase in upper cervical extension.' It is associated
with shortening of the posterior cervical extensor mus-
cles, the upper trapezius, the sternocleidomastoid mus-
cle, and levator scapulae muscle.”” Thus, forward head
posture can also contribute to neck and shoulder pain.'®
Craniovertebral angle (CVA) is one of the common
tools used in assessing forward head posture.'*

The CVA is defined as the angle between a straight
line that passes through the spinous process of the cervi-
cal vertebrae number seven and the line connecting the
spinous process of cervical vertebrae number seven with
tragus of the ear.”” Chiu et al., found that roughly 60% of
individuals with neck pain had FHP.*! Another research
by Griegel-Morris et al., revealed that 66% of forward
head posture was observed in the neck region in a group
of healthy participants between the ages of 20 and 50
years.”? A smaller CVA indicates a greater forward head
posture.” The average normal value of CVA in a pain free
population is about 50°, any value below 50° leads to a
form of cervical disorder referred to as forward head pos-
ture.” Akodu et al., reported differences in the FHP of pa-
tients with neck pain while Hanten et al., failed to detect
such differences in their own study.**

Aim

Since literature is scarce in the association between breast
hypertrophy, CVA, neck and shoulder pain related dis-
abilities, this study was therefore aimed at determining
the association between breast hypertrophy, CVA, neck
and shoulder pain related disabilities and selected anthro-
pometrics variables among female undergraduate stu-
dents of College of Medicine, University of Lagos.

Material and methods

Eighty-nine female undergraduate students with breast
hypertrophy participated in this cross sectional analyti-
cal survey which was conducted between February and
August, 2021. The participants were enrolled from dif-
ferent departments of college of medicine, University of
Lagos with the sample size derived from the formula by
Cochran® where Z= standard normal variate (at 5%),
type 1 error (p< 0.050) is 1.96, using a prevalence of for-
ward head posture in a group of physiotherapy under-
graduates (51.51%)%* A purposive sampling technique
was adopted for this study. Participants were included
in the study if they have breast hypertrophy, and partici-
pants that have breast hypertrophy with neck and shoul-
der pain were excluded from the study.

Before starting the study, permission to conduct the
study was obtained from health research and ethics com-
mittee of college of Medicine, University of Lagos (CMUL)
with approval number (CMUL/HREC/12/19/707), the
objectives of the study was explained to the participants
and they were assured of confidentiality of their informa-
tion. Written informed consent was obtained from all the
participants after explanation of the study objectives. The
participant’s demographic variables such as age, sex, cur-
rent level in the university and department were recorded
while the weight, height, Body Mass Index and the partic-
ipants’ breast size and CVA were measured and recorded
before the distribution of questionnaires; neck and shoul-
der pain disability index.

Study gadgets
Digital Camera: A Sony 7.2 Mega pixels DSC 5650, made
in China was used to take pictures of the participants.

Corel draw X7 software: this software alongside an
HP laptop was used for digitalizing process and calcula-
tion of craniovertebral angle for each participant.

Camera tripod stand: A Pawaca 3Pcs Camera DSLR
Stand tripod extendable 130cm CAM-002 was used to
position the camera.

Plumb line: This is a piece of string that is high
enough to accommodate the tallest participant. A
small weight is attached to the end of the rope to make
it straight and align to the lateral anatomical position.
Laptop: HP 455 G5 15.6” LED HD, A9-9420, 8GB
DDR4, 256GB SSD, WIN10 Pro.

Plumb line stand: this is made of wood that is 7 feet
high with a longitudinal side attached to the top. A rope
was attached to the edge of the longitudinal side. A small
weight will be attached to the end of the rope to make it
align to normal lateral anatomical position.

Breast size assessment

To assess the breast size, this was done by using a tape
measure: which was recorded to the nearest 0.1 centime-
tres and then converted to inches. If band size calculates
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to an odd number, the number is rounded up or down be-
cause bras are available only in even-numbered sizes. Cup

size was then calculated by comparing the size of the band

to bust circumference, which is the circumference of the

chest around the fullest part of the breasts, commonly tak-
en at the level of the nipples with the subject with or with-
out a bra or wearing a pad-less bra. A bust circumference

linch greater than band size matches with an “A” cup, 2

inches matches with a “B” cup, 3 inches to a “C” cup, and

so forth. For example, a woman who has a bust circum-
ference of 39 inches with a band size of 36 would fit a size

36C bra by this formula (39-36=3=C cup).*

Assessment of craniovertebral angle

A 2 meters plumb line was placed away from the partic-
ipant with the tripod stand and camera placed behind it
for the assessment of craniovertebral angle, the plumb
line was to fall in front or through the tragus of the ear.
The participants were instructed to expose their ear, the
neck to its base and the shoulder. Adhesive tape was used
to mark the lateral surface at the tragus of the ear, spinous
process of the seventh cervical vertebrae and the acromi-
on process of the shoulder contrasting the skin. Partic-
ipants’ photographs were taken and imported to Corel
draw X7 software version to measure the CVA."*%

Administration of questionnaire

The questionnaires (neck pain disability index and shoul-
der pain disability index) were self-administered by per-
sonally distributing to female students with large breast
sizes of college of medicine, University of Lagos after the
sizes of the breast was determined using the procedure
of Niddam et al. and they were collected afterwards after
each participant had fully completed the questionnaire.?®

Description of questionnaires
Neck pain and disability scale: The Neck Pain and Dis-
ability scale (NPAD) includes 20 item questionnaire that
was developed for neck pain patients.” The questionnaire
measures problems with neck movements, neck pain in-
tensity, effect of neck pain on emotion and cognition, and
the level of meddling with activities of living. Patients are
required to mark along a 10 cm visual analog scale (VAS).
The ranges of score of each item is from 0-5 while the to-
tal score is a total of the item scores ranging from 0 (no
pain) — 100 (maximal pain). NPAD requires less than 5
minutes to complete.” It has been found to be a valid, re-
liable tool available in other languages for assessing dis-
ability in chronic neck pain patients. Data has shown that
Neck Pain and Disability Scale has better construct valid-
ity with Cronbach’s alpha of 0.93. Items-total correlations
range from 0.45 to 0.73.%

Shoulder pain and disability index (SPADI): is a
self-report questionnaire for measuring pain and dis-
ability of the shoulder. It is a 13 itemed index made up

of two subscales: pain (5 items) and disability (8 items);
each subscale is summed and transformed to a score
out of 100. A mean is taken of the two subscales to give
a total score out of 100, higher score indicating greater
impairment or disability. For a non-specific population:
Test-retest reliability of SPADI total combined subscale
scoring ranging from 0.64 to 0.66.*° Approximately 95%
of the pairs of observation did not differ by more than
17 points.*' ICC for the disability subscale ranged from
0.57 to 0.84.* Correlation ranged from -0.55 to -0.80.%

Data analysis

Data were analyzed using the Statistical package for So-
cial Sciences (SPSS) windows version 22 (IBM, New
York city, New York, USA) and was summarized us-
ing descriptive statistics of mean, standard deviation,
frequencies and percentages. Inferential statistics of
Chi-square was used to find the association between
variables. Level of significance was set at p <0.05.

Result
Eighty-nine copies of questionnaire were distributed
and returned. This gave a response rate of 100%. There-
fore, eighty-nine copies of the questionnaire were valid
for analysis.

In Table 1 more than half 54 (60.7%) of the partici-
pants were within the age range of 21-22 years with mean
age of 21.45+1.29 years. All the participants were females.

Table 1. Demographic characteristics of the participants

Variable Frequency Percentage
Age (years) (n=89) (%)
19-20 20 22.5
21-22 54 60.7
23-24 12 134
>24 3 34
Mean age =21.45+1.29

Height (m)

1.50 - 1.60 22 24.7
1.61-1.70 50 56.2
1.71-1.80 17 19.1
Mean height = 1.65+0.08

Weight (kg)

41 -62 37 41.6
63-82 36 40.4
83-102 10 11.2
>102 6 6.7
Mean weight =

68.30+£16.39

Body mass index (kg/m?)

<18.5 4 4.5
18.5-24.9 46 51.7
25-29.9 24 27
>=30 15 16.9

Mean BMI = 25.11+5.95
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Thirty-six (40.4%) of the participants’ weight was with-
in 63-82kg, and 6 (6.7%) of the participants’ weight was
greater than 102 kg. The mean weight of the partici-
pants was 68.30+16.39 kg. Majority, 50 (56.2%) of the
participants had height between 1.61-1.70 m with mean
height of 1.65+0.08. Twenty-four (27%) of the partici-
pants were overweight with a BMI of 25-29.9 kg/m? with
a mean BMI of 25.11+5.95 kg/m?.

Table 2. Prevalence of forward head posture and breast

Concerning breast hypertrophy, twenty-eight (31.3%)
participants had a “DD” cup-size. Twenty-six (29.2%)
participants had a cup-size “DDD” cup-size.

Table 3 shows that sixty-five (73.00%) participants
had pain related disability of the neck while 10 (11.20%)
participants had pain related disability of the shoulder.

Table 3. The prevalence of pain related disabilities of the
neck and shoulder of female undergraduate students with
breast hypertrophy in CMUL

sizes among female undergraduate students of College of Variable Frequency (n=89)  Percentage (%)
Medicine University of Lagos (CMUL) NPAD*
Variables Frequency Percent No pain 24 27
CVA (n=89) (%) Pain 65 73
<50 43 48.3 Total 89 100.
>=50 46 51.7 SPADI*
E"ta' U ; 89 100 No disability 79 88.8
= +

ean CVA= 50.065.9 Disability 10 1.2
Cup-size*
D 27 303 Total 89 100
DDJE 28 313 NPAP - nfeck pain and disability, SPADI - shoulder pain and
DDD/F 26 292 disability index
G 7 7.9
| 1 1.1 Association between breast hypertrophy, forward head
Total 89 100 posture (CVA less than 50°), neck - shoulder pain related

*cup-size (D, DD, DDD, G, |) - breast size classification for
large breast sizes in this study, CVA - craniovertebral angle

Prevalence of forward head posture, breast sizes and
pain related disabilities of the neck and shoulder among
female undergraduate students of College of Medicine
University of Lagos

Table 2 shows that prevalence of forward head pos-
ture (craniovertebral angle less than 50°) was 43(48.3%)
with mean CVA of 50.06+5.98° among the participants.

disabilities, age and selected anthropometric variables
Table 4 shows that there was no significant association
between breast hypertrophy and forward head posture
(p=0.065), neck pain related disabilities (p=0.545) and
shoulder pain related disabilities (p=0.854).

Table 5 shows that there was no significant associa-
tion between breast hypertrophy, age (p=0.243), height
(p=0.243) and BMI (p=0.255). But there was significant
association between the weight and breast hypertrophy
(p=0.016).

Table 4. Association between breast hypertrophy, forward head posture, neck and shoulder pain related disabilities*

X Cup-size
Variables b DD DDD G | X2 p-value
CVA
<50 7 (16.3%) 15 (34.9%) 16 (37.2%) 4 (9.3%) 1(2.3%)
>=50 20 (43.5%) 13 (28.3%) 10 (21.7%) 3(6.5%) 0 (0%) 8.84 0.065
NPAD
No 10 (41.7%) 8(33.3%) 4(16.7%) 1(4.2%) 1(4.2%)
Mild 15 (28.3%) 17 (32.1%) 17 (32.1%) 4 (7.5%) 0 (0%) 10.81 0.545
Moderate 1(12.5%) 2 (25%) 3(37.5%) 2 (25%) 0 (0%)
Severe 1(25%) 1(25%) 2 (50%) 0 (0%) 0 (0%)
SPADI
No 24 (30.4%) 24 (30.4%) 23 (29.1%) 7(8.9%) 1(1.3%)
Mild 3(33.3%) 4 (44.4%) 2(22.2%) 0 (0%) 0 (0%)
Moderate 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%) 4.04 0.854
Severe 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

*NPAD - neck pain and disability, SPADI - shoulder pain and disability index, NO — no pain related disability, MILD — mild pain
related disability, MODERATE — moderate pain related disability, SEVERE — severe pain related disability, CVA - craniovertebral
angle, x? - Chi-square value, cup-size (D, DD, DDD, G, I) - breast size classification for large breast sizes in this study
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Association between forward head posture, neck-shoul-
der pain related disabilities, age and selected anthropo-
metric variables

In table 6 there was no significant association be-
tween forward head posture, neck pain related dis-
abilities (p=0.434) and shoulder pain related disability
(p=0.384).

While table 7 shows that there was no significant as-
sociation between forward head posture, age (p=0.250),
height (p=0.650) and body mass index (p=0.055) but a
significant association exist between the weight and for-
ward head posture (p=0.027).

Discussion

The prevalence of forward head posture (FHP) (cranio-
vertebral angle (CVA) less than 50°) was observed to be
48.3%, among female undergraduates with breast hy-
pertrophy. The mean CVA was 50.06+5.98°. This corre-
sponds to the findings of the study by Akodu et al., who
reported the prevalence of FHP in female undergrad-
uates to be 51.5% and the mean value of cranioverte-
bral angle was 51.83+5.7°.* The study done by Sutantar
et al., showed the prevalence of FHP among their study
participants to be 73%.% Mamania and Anap, revealed
a prevalence of 70% of FHP.**In a study by Abrish et
al,, 3.1% of the participants had severe FHP, 40.6% of

Table 5. Association between breast hypertrophy, age and selected anthropometric values*

Cup-size

Variables X2 p-value
D DD DDD G |
Age (years)
19-20 5 (25%) 5(25%) 6 (30%) 4 (20%) 0 (0%)
21-22 17 (31.5%) 20 (37%) 13 (24.1%) 3 (5.6%) 1(1.9%) 15.178 0.232
23-24 5 (41.7%) 3(25%) 4 (33.3%) 0 (0%) 0 (0%)
>24 0 (0%) 0 (0%) 3 (100%) 0 (0%) 0 (0%)
Height (m)
1.50-1.60 2 (50%) 8 (36.4%) 6 (27.3%) 0 (0%) 0 (0%)
1.61-1.70 13 (26%) 14 (28%) 18 (36%) 5(10%) 0 (0%) 10.321 0.243
1.71-1.80 6 (35.3%) 6 (35.3%) 2(11.8%) 2(11.8%) 1 (5.9%)
Weight (kg)
41-62 13 (35.1%) 8(21.6%) 14 (37.8%) 2 (5.4%) 0 (0%)
63-82 13 (36.1%) 13 (36.1%) 8(22.2%) 2(5.6%) 0 (0%) 24.828 0.016
83-102 1(10%) 4 (40%) 3 (30%) 2 (20%) 0 (0%)
>102 0 (0%) 3 (50%) 1(16.7%) 1(16.7%) 1(16.7%)
BMI (kg/m?)
<185 2 (50%) 0 (0%) 1(25%) 1(25%) 0 (0%)
18.5-24.9 18 (39.1%) 12 (26.1%) 14 (30.4%) 2 (4.3%) 0 (0%) 14.763 0.255
25-29.9 5 (20.8%) 10 (41.7%) 6 (25%) 3(12.5%) 0 (0%)
>=30 2(13.3%) 6 (40%) 5(33.3%) 1(6.7%) 1(6.7%)

*BMI - body mass index, x* - Chi-square value, CUP-SIZE (D, DD, DDD, G, |) - breast size classification for large breast sizes in

this study

Table 6. Association between forward head posture and neck-shoulder pain related disabilities*

CVA

Variable <50 >=50 X2 p-value
NPAD

No 10 (41.7%) 14 (58.3%)

Mild 25 (47.2%) 28 (52.8%) 2.738 0.434
Moderate 6 (75%) 2 (25%)

Severe 2 (50%) 2 (50%)

SPADI

No 40 (50.6%) 39 (49.4%)

Mild 3(33.3%) 6 (66.7%) 1.914 0.384
Moderate 0 (0%) 1(100%)

Severe 0 (0%) 0 (0%)

*NPAD - neck pain and disability, SPADI — Shoulder Pain and Disability Index, NO - no pain related disability, MILD — mild pain
related disability, MODERATE — moderate pain related disability, SEVERE — severe pain related disability, CVA - craniovertebral
angle, x? - Chi-square value
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the participants had moderate FHP, 50% had mild FHP
while 6.3% had normal craniovertebral angle.> The low-
er prevalence in this study could be as a result of the
involvement of only female participants with breast hy-

pertrophy.

Table 7. Association between forward head posture, age

and selected anthropometric variables*

CVA

Variables <50 >=50 X2 p-value
Age (years)

19-20 11 (55%) 9 (45%)

21-22 24 (44.4%) 30(55.6%) 4.104 0.25
23-24 5(41.7%) 7(58.3%)

>24 3 (100%) 0 (0%)

Height (m)

1.50-1.6 12 (54.5%) 10 (45.5%)

1.61-1.7 22 (44%) 28 (56%) 0.86 0.65
1.71-1.8 9(52.9%) 8(47.1%)

Weight (kg)

41-62 17 (45.9%) 20 (54.1%)

63 -82 13(36.1%) 23(63.9%) 9.197 0.027
83-102 8 (80%) 2 (20%)

>102 5(83.3%) 1(16.7%)

BMI (kg/m?)

<18.5 2 (50%) 2 (50%)

18.5-249 20 (43.5%) 26(56.5%) 7.59 0.055
25-299 9(37.5%) 15(62.5%)

>=30 12 (80%) 3 (20%)

*CVA - craniovertebral angle, BMI - body mass index, x* -
Chi-square value

Seventy-three (73) percent of the participants in
this study presented with pain related disabilities of the
neck but in a study carried out by Gharib and Hamid
the prevalence of mechanical neck pain among female
students was 54%.* Findings in the study carried out by
Chan et al., on the prevalence of neck pain and associ-
ated risk factors among undergraduate students showed
the point prevalence of neck pain as 17.5%.%” In a study
done by Fahad and Sana, the results showed a total of
51.8% students had neck pain ranging from mild to se-
vere.” The high prevalence rate of pain related disabili-
ty of the neck in this study could be as a result of large
breast sizes that all the participants present with.

The prevalence of shoulder pain related disabilities
was observed to be 11.2% but in a study carried out by
Luime et al., the results showed a point prevalence of
6.9-26% for shoulder pain."* The results of these two
studies confirms that shoulder pain related disabilities
may not really be a common musculoskeletal disorder
that affect individuals with breast hypertrophy.

In this study, there was no significant association be-
tween forward head posture and neck pain related dis-
abilities. This means that having forward head posture
may not necessarily predispose one to having neck pain

and its related disabilities which corresponds to a study
carried out by Martinez-Merinero et al., which report-
ed that there was no association between forward head
posture, neck pain, disability, and headache.” In a study
carried out by Mahmoud et al., it was shown that for-
ward head posture was significantly correlated with neck
pain in adults and older adults which also concurs with
the report of Akodu et al., but there was no association
found between forward head posture and neck pain in
adolescents.>*® Abrish et al., asserted that 50% of the stu-
dents with complaint of neck pain had slight postural
deformity having mild forward head posture (FHP) and
fewer students, 3.1% had severe postural deformity.*
Raoufi et al., revealed a significant reverse correlation
between CV angle and neck pain."

In this study, the cup sizes shows that all the partici-
pants in this study have breast hypertrophy. This did not
corresponds to the result in the study by Dundas et al,*
who reported a percentage of 48% on measurement and
categorization of breast size for radiation therapy who
had a cup size of D or E. In the study by Odebiyi et al,,
the results reported a prevalence of 75% for cup size of
D and above.®

Literature is scarce in the association between
breast hypertrophy and CVA, but in this study the re-
sults showed that there was no significant association
between breast hypertrophy and craniovertebral an-
gle. Szeto et al., and Moore stated that maintaining the
head forward for long periods of time may cause mus-
culoskeletal disorders such as ‘upper crossed syndrome,
which involves having reduced lordosis of the lower cer-
vical, in conjunction with kyphosis of the upper thoracic
vertebrae.** In a research by Findikcioglu et al., it was
reported that women with breast cups size D and above
tends to have greater curvatures of the spine than wom-
en with smaller breast sizes.’

This study shows that there was no significant asso-
ciation between breast hypertrophy and neck and shoul-
der pain related disabilities. This result corresponds to
the findings of the study done by Myint et al., on rela-
tionship between brassiere cup size and shoulder-neck
pain in women, which showed that there was no sig-
nificant relationship between shoulder-neck pain and
breast size.* In a study carried out by Coltman et al., the
results showed young women with breast hypertrophy
with nipple-to-nipple distance have a higher upper tor-
so musculoskeletal discomfort.*”

Age and forward head posture were not associat-
ed in this study. The reason could be due to the limit-
ed margin in the age range of the participants in this
study. In a study by Nemmers et al., the data showed an
age-related effect with the older women showing a more
severe FHP than those that are much younger.*® Kocur
et al,, revealed that with more advancement in age, sub-
jects had smaller craniovertebral angle values which in-
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dicates increased prevalence of forward heads posture
as age increases.”

In this study age and breast hypertrophy were asso-
ciated. This means increase or decrease in age has no ef-
fect on the size of the breast and this result corresponds
to the findings in a study by Brown et al., the results
showed that there was no correlation between age and
breast hypertrophy.®

There was a significant association between weight
and breast hypertrophy of the participants but no signif-
icant association between body mass index and breast
hypertrophy of the participants in this study. In a study
carried out by Brown et al,, it was reported that body
mass was strongly correlated with breast mass which in-
dicates that heavier women had larger breasts.” The re-
sults of the study carried out by Coltman et al., showed
that breast size was significantly influenced by BMI,
with the breast size of overweight and obese women 2
to 3 times bigger than the women with normal BMIs.*
Steele et al., buttressed that the participants classified as
obese had significantly larger breasts sizes.” This corre-
sponds with report of this study.

There was a significant association between weight
and craniovertebral angle of the participants, but no
significant association between BMI and cranioverte-
bral angle of the participants in this study. This means
that the weight of an individual with breast hypertrophy
has an influence on the craniovertebral angle but body
mass index has no specific influence on the cranioverte-
bral angle. A study carried out by Shaghayegh et al.,>* re-
vealed a negative correlation between the BMI and CVA.

Conclusion

Based on the results of this study, the following conclu-
sions were made: There was high prevalence of neck pain
related disabilities, forward head posture among partici-
pants with breast hypertrophy in this study, weight as an
influence on the prevalence of forward head posture and
breast hypertrophy.
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ABSTRACT

Introduction and aim. Nanomedicine is a discipline of technology and science, the potential of which has recently fascinated
scientists in the fields of physics, biotechnology, chemistry and medicine. This department deals with everything on the nano
scale, i.e. on the level of individual atoms and molecules.

This work presents the nano scale, i.e. on the level of individual atoms and molecules. Nanotechnology is currently one of the
most popular and dynamically developing fields, not only in electronics, but above all in pharmacy and medicine.

Material and methods. In this article a narrative review regarding nanomedicine.

Analysis of the literature. The desire to summarize information about nanomedicine application of singlet oxygen is present-
ed. Nanotechnology is a discipline of technology and science, the potential of which has recently fascinated scientists in the
fields of physics, biotechnology, chemistry and medicine.

Conclusion. The use of nanostructures is currently very efficient. The areas in which the potential of nanoparticles is constantly
researched and confirmed by numerous articles are: radio- and chemotherapy, cancer diagnostics and imaging medicine (MRI

and fluorescence imaging).
Keywords. nanomedicine, nanoscale, nanostructure

Introduction

In order to be able to explain the concept of nanostruc-
tures and to present the application of nanotechnology
in various fields of science, the prefix nano should be
specified and explained. Nano is a unit of measure prefix
with the symbol n, which stands for a multiplier of 107
(one billionth of a part).! The name of the nano prefix
comes from the Greek language (Greek: nanos, mean-
ing dwarf). It is therefore a very small size that cannot
be observed with the human eye.?

Nanotechnology is a relatively young technique, the
origins of which date back to 1959, when Richard Feyn-
man, an American physicist and Nobel Prize winner in
physics, gave a lecture at the American Physical Society
congress, entitled There’s Plenty of Room at the Bottom.?

Feynman presented the concept of miniaturization and the
possibilities of using technology in the nanometer range. In
the following years, numerous studies in the field of semi-
conductor and lithographic techniques made it possible to
distinguish another physical field under the name of nan-
otechnology. The term was first used by a scientist, Profes-
sor Norio Taniguchi from the University of Tokyo during
a scientific conference.’ Since then, this field has been con-
stantly evolving, and the application of nanostructures in
electronics, physics and biology, chemistry and medicine
is constantly being researched and multiplied.

Aim
The aim of this work is to present the review of nano-
medicine.
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Material and methods
This article is a review done in regards to discuss the role
of nanomedicine in current treatment and diagnostics.

Analysis of literature

Currently, there is a division of nanostructures into nat-
urally occurring in nature and made by human. Natu-
ral nanoparticles result from the decomposition of plant
or animal remains, as a result of the erosion of geolog-
ical materials, volcanic fumes or as a result of the com-
bustion of mineral fuels.* Another type of classification
of nanostructures is their chemical composition. This
division distinguishes between organic and inorganic
nanoparticles. The last classification criterion is division
due to the mutual relation of dimensions and their num-
ber. According to this criterion, the following structures
can be distinguished: three-dimensional, two-dimen-
sional, one-dimensional and zero-dimensional.’ Table 1
shows the classification of nanostructures.

Table 1. The classification of nanostructures based on three

criteria
Due tothewayitis  Due to the chemical .
. - Due to the size
received composition
Natural Organic Three-dimensional (3D)
Human-mad Inorganic Two-dimensional (2D)

One-dimensional (1D)
Zero-dimensional (0D)

Organic nanostructures include: fullerenes, virus-
es, dendrimers and carbon nanotubes. On the other
hand, inorganic nanostructures are compounds such as:
zirconium oxide (ZrO,), calcium, silver, gold or plati-
num.® Due to the last point of the criterion, the follow-
ing structures can be distinguished:

— 3D (these are materials made of nanometer-sized
monoblocks), fullerenes, colloidal particles, quasi-
-crystals, nanoporous silicon or semiconductor qu-
antum dots;

- 2D: nanofibers, carbon nanotubes, magnetic and
metallic nanowires;

- 1D: nano-layer materials, aluminum nano-dust, na-
no-grained surface layers or semiconductor quan-
tum studs;

- 0D (these are structures having nanometer dimen-
sions in three directions), an example of which is a
quantum dot.

Methods of obtaining nanostructures

Thanks to the research carried out in the field of sol-
id state physics, it is possible to obtain nanostructures
by various methods, adapting a given technique to the
scope and method of intended use of the compounds
produced. The most popular techniques are the “top
down” and “bottom up” methods.” The first of the top-

down methods means obtaining structures by grinding,
dividing or disintegrating macroscopic materials. This
technique includes: high-energy grinding, lithographic
process and standard material processing. High-Energy
Ball-Milling HEBM is a common method of obtaining
nanomaterials. The starting material is a pre-powdered
alloy (<100pm) with a specific chemical composition
and a specific crystallographic structure, in contrast
to the mechanical synthesis process where high puri-
ty metal powders are used. During the process, stresses
are induced in the material. After several dozen hours,
amorphous material is obtained. The applied heat treat-
ment (crystallization) causes the return to the crystal
structure, the so-called output. In turn, the lithograph-
ic process is quite commonly used in the electronics in-
dustry. It is used mainly for the production of integrated
circuits and transistors with a silicon substrate.® This
technique consists of several steps. The first is to apply
a protective and photosensitive layer to the surface of
the substrate. In the second step, a pattern in the shape
of a negative or a positive of the structure to be created
is applied to the protective layer. Then the whole is ir-
radiated and etched. The etching agent acts on places
not covered with a protective layer. In this way, the de-
sired layer structure is obtained. In turn, the “bottom up”
method is characterized by the formation of nanoparti-
cles from individual atoms, i.e. the creation of structures
from scratch. This technique includes methods such as
vapor deposition, plasma assisted deposition, and mo-
lecular beam epitaxy. Physical vapor deposition (PVD)
uses the spraying of solid materials (the so-called target),
from which the layer is to be made, eg by means of an
electron beam. A properly prepared substrate (the so-
called substrate) with a strictly controlled temperature
is placed near the sprayed material. The sprayed mate-
rial settles slowly on the substrate. The thickness of the
obtained layer and its structure depend on the depo-
sition time, spray rate and the temperature of the sub-
strate, as well as on the composition of the diluted gas
atmosphere. On the other hand, the method of apply-
ing thin layers with the use of plasma (Plasma Assisted
Chemical Vapor Deposition) enables the deposition of
thin layers on electrically conductive and non-conduc-
tive materials, using radio frequency and low frequency
current discharges. It aims to create hard surface lay-
ers and layers with special surface and volume proper-
ties. Generally, in this process, chemical reactions take
place under the conditions of electrical activation of the
gaseous environment. The last example is the Molecular
Beam Epitaxy (MBE), which consists in depositing thin
semiconductor layers from molecular (atomic) beams
in high vacuum (<10-7 Pa). Thanks to the use of vari-
ous types of techniques, it is possible to obtain the de-
sired nanostructures depending on the destination and
application direction.
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Biological and medical use of nanostructures

As already mentioned, the potential of nanostructures
is enormous. More and more research is being created,
and thus scientific publications about the potential and
explored possibilities of nanoparticles not only in indus-
try, electronics and physics, but also in the field of chem-
istry and biology.® The term nanomedicine characterizes
all branches of medicine in which research and diagnos-
tic activities with a nanometer range are used. It covers
such areas as: pharmacy, surgery, diagnostics, oncology
and many others.

Nanopharmacology

The main goals of nanopharmacology are target thera-
py (TT) and the controlled drug delivery system (DDS).
The use of nanoparticles in pharmacology enables pre-
cise transport of the drug in the appropriate concen-
tration to the neoplastic site, without disturbing the
structure of normal (healthy) cells.”® Currently, there are
several types of nanoparticles that enable the transport
of various types of drugs. These include: polymer and
magnetic nanoparticles, liposomes, polymeric micelles,
dendrimers and nanotubes.

Polymer nanoparticles are stable, colloidal struc-
tures in the form of nanospheres and nanocapsules. They
can come from synthetic and natural polymers. Poly-
mers (from the Greek polymeres - multi-part, made of
many parts) are chemical compounds containing a large
number of repeating structural elements, called mers.
Synthetic polymers include: polycaprolactone, poly-
acrylamide and poly (methyl methacrylate)." On the
other hand, natural polymers are mainly gelatin, hepa-
rin, chitosan and albumin. Nanoparticles made of poly-
mers improve the efficiency of transporting currently
administered drugs or proteins to specific cells, which
means that the compounds are no longer so toxic and
harmful to healthy, i.e. uninfected cells. The size of the
nanostructures allows for increased drug penetration
through cell membranes and thus increased stability,
which means that the administered drug remains much
longer in the patient’s circulatory system. The most pop-
ular materials in nanopharmacology are biodegradable
polymers (CS, PLA, gelatin, HMPA (N- (2-hydroxypro-
pyl) methacrylamide). Table 2 presents a list of selected
biodegradable polymers along with the labeling of the
product that is formed as a result of the decomposition
of a given polymer. due to the fact that these polymers
are completely degraded in the human body, and thus
can be easily excreted, and they do not stimulate the im-
mune system.

According to numerous articles, the drug, created by
combining albumin with paclitaxel (albumin-bound pa-
clitaxel) - in 2005, abraxane was approved for the treat-
ment of breast cancer in the United States. The paclitaxel
capsule in albumin molecules makes it unnecessary to

administer toxic solvents of this type of drug.!> More-
over, albumin facilitates the penetration of substances
through endothelial cells by means of the albumin gp-
60 receptor. There is ongoing research into the use of ab-
raxane to treat other types of cancer. An example would
be non-small cell lung cancer.

Table 2. Examples of biodegradable polymers.

Polymer Product resulting from degradation
Polylactide (PLA) Lacticacid
Polyglycolide (PGA) Glycolic acid
Poly (e-caprolactone) (PCL) Caproic acid
Polyidioxanone (PDS) Glyoxylic acid
Poly (B-hydroxybutyrate) (PHB) Hydroxybutyric acid

In turn, magnetic nanoparticles are compounds that
exhibit magnetic properties. In medicine, there are ex-
amples of iron-based nanostructures. Iron is the basic
building factor of many body structures, including liv-
er, spleen or heart. Additionally, it forms the basis of
important biological compounds such as hemoglobin,
myoglobin and ferritin. Due to their magnetic prop-
erties, iron nanoparticles are used in various fields of
medicine. These structures are used at the diagnostic
and therapeutic level. They can be used for: cell analysis,
biological material purification, and, above all, as MRI
(Magnetic Resonance Imaging) imaging agents."”> How-
ever, at the therapeutic level, they can be used as drug
carriers and in radiotherapy combined with MRI. In
addition, at the level of experimental and experimental
research there are also research projects on iron nano-
structures based on the core-shell structure. Core-shell
nanoparticles are made of a silicon core covered with a
thin layer of gold, to which biological ligands can be ad-
ditionally attached. Due to the high absorption capacity
and the possibility of dispersing electromagnetic radia-
tion in the range from visible radiation to near infrared
radiation (0.38 pm-5 um), it is possible to use them in
optics and in medical imaging. They are mainly used in
targeted therapy in the photodynamic method.! Thanks
to numerous scientific studies, it has been confirmed
that nanomaterials in combination with photosensitiz-
ers can increase the efficiency of photodynamic therapy
and eliminate its side effects. Photodynamic therapy is
a multi-step treatment procedure that uses photosensi-
tive substances that respond to a specific type of light.
When exposed, these substances become toxic to can-
cer cells and other diseased cells. In order to be able to
carry out a photodynamic reaction, it is necessary to
use three basic components such as: a photosensitizer,
which locates in the treated tissue and sensitizes it to
light, and a light source of an appropriate wavelength,
which is excited by the photosensitizer accumulated in
the tumor tissue. Dissolved oxygen in the tissue is also
necessary. The condition for initiating the photochem-
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ical reaction is the correlation of the emission band of
the light source with the dye absorption band. Thanks
to the use of nanomaterials, it is also possible to reduce
the toxic photosensitizer that can enter healthy tissues.
Core-shell nanoparticles were used by the Hirsch team
to treat mouse tumors in vivo and in vitro on the SKBR3
cell line. These nanoparticles were injected interstitial
into the neoplastic lesion and in the next stage were ir-
radiated with low doses of near-infrared radiation (0.82
pum)." After the experiment, strong heating of the in-
side of cancer cells was noticed, causing their destruc-
tion, while maintaining the metabolic balance of healthy
cells surrounding the pathological area.

Liposomes (called liposomes) are another group
of nanoparticles that improve the transport of drugs to
various places in the living organism. They are colloi-
dal structures having a spherical shape. Constructed of
a lipid bilayer, they surround the water zone in which
the drug is placed.’® Liposomes are made of synthetic
or natural phospholipids with a diameter of approx. 100
nm. Their membrane (sheath) is built in the same way as
the cell membranes surrounding cell organelles.

Liposomes occur naturally in living organisms (e.g.
as blood lipoproteins) and are produced on a laborato-
ry and industrial scale (e.g. used in the production of
drugs). For this reason, there is now a division into ar-
tificial and natural liposomes."” Artificial liposomes can
be divided in terms of size, number of envelope layers
and the way they are made. Table 3 shows the generally
accepted division of artificial liposomes.

Table 3. Division of artificial liposomes

Liposomes with more  Single-layer liposomes  Liposomes with lots of
than one lipid layer vesicles

Multilayer liposomes Small unilamellar Multiple vesicle lipo-
(MLV) 0.4-10 yminsize  liposomes (SUV) witha ~ somes (MVV)>1pum
size of insize
0.02-0.03 pm
Oligolamellar vesicles  Large unilamellar lipo-
(OLv) somes (LUV) with a size of
0.05-1pm
Giant unilayer liposomes
(GUY)

In turn, the group of natural liposomes includes:
lipids (e.g. cholesterol, triglycerides), which are trans-
ported in the body’s water environment with blood and
tissue fluid in the form of lipoprotein particles. They
take the form of vesicles or disks surrounded by a dou-
ble or single lipid layer of the membrane, made of phos-
pholipids (which consist of a hydrophilic “head” and
a hydrophobic “tail”) and a surrounding chain (apoli-
poprotein protein).'® Due to this structure, hydrophilic
and hydrophobic substances can be stored in the lipo-
some in various ways. Additionally, there are a number
of other advantages of using liposomes as nanocarri-

ers. These benefits include: improved bioavailability of
drugs placed inside, a significant reduction in the toxic-
ity of the released substances, controlled release of vari-
ous types of substances as a result of internal or external
factors, and (one of the most important) the possibili-
ty of gradual release of substances by liposomes in neo-
plastic tissues. One of the antibiotics that is transported
through the liposomes is the anthracycline antibiot-
ics (daunorubicin and doxorubicin). They are readily
available. Daunorubicin (Doxorubicin-Ebewe) is an an-
ti-cancer antibiotic used in cancer chemotherapy. This
preparation is mainly used in the treatment of soft tis-
sue sarcomas and sarcomas derived from bone tissues.
However, the use of doxorubicin is very limited due to
its high cytotoxicity."!

In turn, polymeric micelles are amphiphilic spher-
ical structures, built of a hydrophobic core and a hy-
drophilic shell. The core acts as a drug depot, the
hydrophilic shell of which stabilizes. Moreover, thanks
to its properties, these polymers are water-soluble. The
substances can be placed inside the micelles in vari-
ous ways, which enables the drug to act more effective-
ly. Polymer micelles are used in the treatment of lung,
breast, ovary and colon cancer.

Dendrimers and carbon nanotubes
Dendrimers (Greek: dendros, tree) are polymers with
a size of approx. 20 nm. They are characterized by a
branched, three-dimensional structure. Their shape
resembles a sphere. In the structural structure, a mul-
tifunctional core is distinguished from which the den-
drimer branches depart.?? These branches are called
dendrons, with free functional groups at their end.
These groups can be changed by various kinds of substit-
uents while changing the properties of the dendrimers.
In general, there are two generations of dendrimers, half
and complete. Half dendrimers are terminated with a
carboxyl group (-COOH), while complete dendrimers
have, among others, amino (-NH,) and hydroxyl (-OH)
groups. Due to the chemical structure of the dendrim-
er, its shape and thus the level of activity are determined.
Thanks to the vacancies in the construction site, the so-
called cavities, dendrimers are a kind of reservoir of
various molecules, which enables the delivery of drugs
directly to the affected areas. On the basis of numerous
studies and publications, dendrimers are used primarily
as a transport of drugs such as cisplatin and doxorubicin.
Carbon nanotubes (carbon nanotubes) are graphene
planes rolled into thin tubes with a diameter of approx. 1
nm and a length ranging from a few nanometers to sev-
eral millimeters. Due to the number of layers, nanotubes
are divided into mono- and polyhedral. They are formed
in the process of slow condensation of hot vapors of car-
bon atoms.”? They are characterized by high mechan-
ical strength and high thermal conductivity. Due to
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their structure, nanotubes are very difficult to dissolve
in water, and therefore functionalisation is carried out.
This process is based on the deposition of various func-
tional groups on their surface. As a consequence, these
nanoparticles can be used, for example, in as drug carri-
ers and biosensors.

Application of nanoparticles - quantum dots in the
marking of neoplastic cells

According to the latest statistical research, cancer is one
of the most dynamically developing diseases on a glob-
al scale. The number of actions taken in the fight against
various types of cancer is constantly expanded with
more and more modern solutions. An example is the
use of nanoparticles in anti-cancer therapy, mainly in
aspects of radiation therapy.** An example of the use of
nanomaterials for imaging and combating various types
of cancer cells are quantum dots as a representative of a
zero-dimension system. A quantum dot is a small vol-
ume completely limited by a semiconductor with a larg-
er band gap, constituting a barrier. The principle of the
material idea is based on the knowledge in the field of
quantum mechanics concerning the motion of a particle
closed in a potential well. Regardless of whether a par-
ticle is confined in an infinitely high potential well or in
a finite height well, its energy and momentum are quan-
tized. This means that they only accept strictly select-
ed permitted values. More importantly - the values of
allowable energy and momentum depend on the width
of the L potential well. In such systems, the processes
of absorption and emission of electromagnetic radia-
tion energy are important. Absorption, i.e. absorption
of the photon’s energy, occurs when the charge carrier at
a certain energy level E, absorbs the radiation quantum
hv, whose energy strictly corresponds to the distance be-
tween a given level of E, and some higher E. The emis-
sion process is the reverse process and is accompanied
by the release of previously absorbed energy AE, while
the charge carrier moves from a higher energy level E to
a lower energy level E:

AE=E e~ Eier

In the material system which is a quantum dot, the
movement of the carrier is quantized in all three direc-
tions, there is no free movement. Most importantly, the
allowed energy of the carrier in such a system is ful-
ly quantized, it depends on the size of the system with
three components L, L, L, and the effective mass of the
carrier. Similarly, all the components of the carrier’s mo-
mentum are also quantized. The most important meth-
ods for producing such thin films are Molecular Beam
Epitaxy (MBE) and Chemical Vapor Deposition (CVD).
The most important for the processes of light emission
in such systems is the form of the density function of

the energy states of the charge carriers of the system, be-
cause the intensity of the optical transition depends on
its value. In addition, in electron transport, the density
of states determines the number of states available for
carrier movement, and their scattering time depends
on the number of states into which they can dissipate.
In the processes of light emission and absorption, two
principles must be met: the principle of conservation
of energy and momentum. Since the momentum of the
carrier has 3 components for the 3D system, in order
for the energy to be emitted at the transition of e.g. an
electron from a higher energy level (in the conduction
band) to a lower one (in the valence band), such a state
of the carrier must be additionally available (e.g. holes
in the conduction band). valence), which has identical
components px, py pz as in the higher state. In other
words, the components px, py from the recombining
electron and the holes must be identical. Along with the
reduction of the size of the system, the number of mo-
mentum coordinates that must be adjusted to each oth-
er decreases, thus the number of available carriers for
the emission process increases. In the 0D system, we no
longer need to reconcile the components, so each ex-
cited electron can recombine with the hole at a lower
energy level. So the light emission due to the 0D recom-
bination of electrons and holes is huge. From the point
of view of the huge possible applications of such systems,
the most important thing is bioimaging used in today’s
science in biology and medicine. Because there is the
possibility of precise introduction of quantum dots into
specific places of living organisms, e.g. into the nucleus
of a cell by injection through a nano-needle, and obser-
vation of the expansion of the material along with the
growing cell (e.g. cancerous). Moreover, by light emis-
sion, it is possible to obtain a precise image of the exam-
ined cell structure fragment. It should be emphasized
that the possibility of maneuvering the wavelength of
light emitted by a quantum dot means that its applica-
tion potential in the field of physics, chemistry and biol-
ogy is constantly expanded.

The main purpose of quantum dots is to label dis-
eased cells. A quantum dot in combination with a
properly selected atom or molecule (ligand) and pre-
cisely placed inside a tissue or cell is a very good mark-
er of cell surface and intracellular structures in in vitro
and in vivo tests. Due to the properties of quantum
dots, long-term monitoring of labeled cells is essential.
Such possibilities are guaranteed by the use of a fluo-
rescent probe based on nanocrystals. The process that
is determined by fluorescent probes is called biocon-
jugation or bioconjugation.”” Molecules that can be at-
tached to the surface of quantum dots include nucleic
acids, various types of peptides and antibodies. In or-
der to make the so-called coupling, cross-linkers and
biomolecules are used, which are attached to nano-
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structures by covalent bonds or electrostatic interac-
tions directly to the material made of nanostructures.
In this method, linker molecules connect given quan-
tum dot functional groups with conjugated biomole-
cules. In this way, a covalent bond is created between
the linkers and groups such as: amino, carboxyl or thiol
groups. Proteins and antibodies are attached directly to
the surface of quantum dots using a polyhistidine tag
to zinc or other metal atoms on the surface of a given
nanocrystal. conjugated polypeptide.”® The attachment
of peptides to the surface of the nanocrystal increas-
es the solubility of quantum dots in aqueous solutions,
and also introduces functional groups to the surface.
So they can be used for further transformations. The
bioconjugation method based on the principle of inter-
action of oppositely charged molecules is also known.?”
At the time of ligand exchange, the quantum dot has a
negatively charged surface, which means that a protein
with a positive charge is attached to its surface. For ex-
ample, such a protein can be and is avidin. Avidin is an
animal protein consisting of four polypeptide chains,
weighing approx. 70 kD.?

Most importantly, avidin exhibits one of the most
powerful unconventional interactions observed in na-
ture. Therefore, the resulting strong binding of avidin
with e.g. biotin enables various functional molecules,
e.g. antibodies, to be attached to the surface of quantum
dots. Due to the emerging difficulties in the prepara-
tion of fluorescent markers, the bioconjugation of mol-
ecules with quantum dots is largely limited. One of the
main barriers is the inability to control the direction and
orientation of attached molecules to the surface of the
quantum dot. As a result, the molecule does not suffi-
ciently fulfill its function. In addition, molecules can un-
controllably attach to the surface of nanocrystals, which
means that the fluorescent probe may not accurately
count the number of particles attached.

On the other hand, the use of quantum dots as a ma-
terial acting as a contrast agent in in vivo research is also
associated with various types of problems. It is known
from the general principles of physics that tissues lo-
cated in deeper states absorb only a part of the fluores-
cent radiation emitted by quantum dots, which makes
the obtained quantum data not fully reliable. The ideal
solution is to mark quantum dots with * particle-emit-
ting radionuclides, thanks to which they can be used in
combined imaging methods, in biology and chemistry
as bimodal agents. Thanks to this, they can function in a
similar way to iron oxide nanoparticles.

Another example of the use of quantum dots is the
transport and observation of drug carriers to specific
locations in the cell. Based on the structure and func-
tioning of quantum dots, systems are created that deliv-
er chemical compounds (including e.g. drugs) with the
simultaneous observation of distribution in the body.

According to the research of numerous research centers,
one of the main examples of the use of quantum dot ma-
terials as drug carriers are experiments on the delivery
of doxorubicin to prostate cancer cells. Additionally, on
the basis of numerous publications, quantum dots are
also used as one of the elements of the system that mon-
itors the extinction of gene expression with small inter-
fering RNA %!

Conclusion

The fundamental element of medical diagnostics is in
vivo imaging of cells, tissues or pathological organs. The
combination of a conventional imaging method with
optical imaging with the use of fluorescent markers
based on the quantum dot model is a great hope in fur-
ther research and an invaluable tool in the treatment of
pathological cells.
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ABSTRACT

Introduction and aim. Herbal medicine is prescribed for various disorders of the menstrual cycle (uterine bleeding, dysmen-
orrhea), for the treatment of premenstrual and climacteric syndromes, inflammatory diseases of the genital organs, mastopa-
thy and mastalgia and other pathological conditions. The aim of the study is to analysis and generalization of data from pro-
fessional literature and own experience in the treatment of patients with pathologies of the female reproductive system by
phytotherapeutic methods, taking into account the influence of medicinal plants on various links in the pathogenesis of the
disease, as well as making recommendations for improvement and prospects for the use of phytotherapy in the treatment of
this pathology.

Material and methods. To make an analysis of literary sources of domestic and foreign authors about usage of medicinal plants
for the treatment of pathologies of the female reproductive system.

Analysis of the literature. In the treatment of primary (spasmodic) dysmenorrhea, herbal remedies with an antispasmodic, an-
algesic, hormone-mimetic effects are prescribed. It can be Chamomile (Matricaria chamomilla L.), Achillea millefolium, common-
ly known as yarrow, Viburnum, Shepherd’s purse (Capsella bursa-pastoris), Greater celandine, Atropa belladonna, Hyoscyamus
niger, commonly known as henbane, black henbane, or stinking nightshade and Abraham'’s tree. Many plants have bactericidal
activity, and this property is used in the treatment of inflammatory diseases of the mucous membranes and skin. Such proper-
ties are possessed by flowers of Chamomile (Matricaria chamomilla L.), Calendula officinalis, infusion of Medicinal sage (Salvia
officinalis L.). For the treatment of functional hyperprolactinemia phytopreparations are also successfully used. It is known that
the medicinal plant Vitex agnus castus has dopaminergic properties, selectively blocking prolactin synthesis, and reduces folli-
cle stimulating hormone levels. Strychnos ignatia, Caulophyllum thalictroides, European cyclamen, Lilium tigrinum, Iris versicolor
provide a complex effect on the female body, effectively reduces the level of prolactin and the severity of mastalgia, which is
confirmed not only by clinical data, but also by mammography data in fibrocystic breast disease. For the treatment of climac-
teric syndrome, a large number of medicinal plants are used, in particular, the most popular is the Cimicifuga racemose.
Conclusion. The effectiveness of phytotherapeutic drugs has been verified by many clinical trials. Modern phytotherapy is be-
coming more widespread in clinical practice, as an alternative to drug treatment.
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Introduction

Dyshormonal disorders are one of the very common
functional pathologies of the reproductive system,
which occurs in women of different ages. Successful
treatment of dyshormonal disorders can restore a wom-
an’s reproductive potential and improve her quality of
life. The manifestations of dyshormonal disorders are
diverse: in young women there are more often cycle dis-
orders, infertility, miscarriage, at an older age — uterine
fibroids, endometriosis, chronic pelvic pain.' The high
frequency of these problems in modern society is as-
sociated primarily with the deterioration of environ-
mental conditions, the acceleration of the pace of life,
chronic stress, unfavorable diet, work and rest; the role
of the characteristics of a woman’s reproductive behav-
ior is also important. All this leads to a deterioration in
the work of adaptation mechanisms, which leads to the
development of dyshormonal disorders of the reproduc-
tive system. The manifestation of dyshormonal disor-
ders most often occurs in active reproductive age and is
based on subclinical disorders that usually begin during
puberty.?

In a complex neuroendocrine system, the main role
is played by five links, interacting with each other ac-
cording to the principle of direct and reverse negative
and positive interconnection, which is determined by
the nature of the signals coming from the periphery.
Physiology and pathology of the menstrual cycle in the
clinical aspect most fully reflect the state of the woman’s
reproductive system. Physiological effects of structures
of the highest level of regulation are carried out through
nervous and humoral connections. The leading place in
these relationships is given to brain neurotransmitters
(catecholamines, serotonin, acetylcholine, g-aminobu-
tyric acid, glutamic acid, enkephalins), which are located
in extrapyramidal formations. Cerebral neurotransmit-
ters regulate the hypothalamic-pituitary-ovarian level of
reproductive function. So, they determine the circadian
and circhoral rhythms, which are leading in the func-
tioning of the entire reproductive system.?

The second level of regulation of the reproductive
system is the hypothalamus. A special role belongs to
luliberin, foliberin and prolactostatin, and the main
role in the regulation of prolactin secretion is assigned
to dopaminergic structures. Dopamine inhibits the re-
lease of prolactin from the pituitary lactophores, and its
antagonists (Methyldopa, Reserpine, Chlorpromazine)
increase it secretion. The pituitary gland produces go-
nadotropic hormones - follicle stimulating hormone
(FSH) and luteinizing hormone (LH), which affect the
function of peripheral endocrine glands. FSH stimu-
lates the growth and maturation of follicles, secretion
of estrogen. The formation and function of the corpus
luteum are controlled by the secretion of LH and pro-
lactin.*

Depending on the concentration and ratio of sex
steroid hormones, the production of the corresponding
tropic hormones of the pituitary gland is inhibited or
activated. Peripheral endocrine organs (thyroid gland,
adrenal glands) are also responsible for the regulation
of ovarian function, where complex processes of sex ste-
roid biosynthesis and follicular development take place.
The female genitals and mammary glands, as well as the
skin, bones and adipose tissue, are target organs with
the corresponding regulatory mechanisms.’

The hypothalamic-pituitary-ovarian system has ver-
satile adaptive mechanisms that change in the process
of maturation, maturity and aging of the body. One of
the important periods of a woman’s life is reproductive,
which is considered as period, intended for conceiving,
carrying and feeding a child. In this age range, abor-
tions and their complications, sexual infections, various
gynecological diseases, breast diseases, infertility, com-
plications during pregnancy and after childbirth are es-
pecially dangerous for a woman’s health. The extinction
of a woman’s reproductive function signals the begin-
ning of the climacteric period, in which premenopause,
menopause and postmenopause are conventionally dis-
tinguished. It is characterized by a high frequency and
severity of symptoms associated with a deficiency of sex
hormones, which significantly reduce a woman’s quality
of life. Often this period is complicated by the develop-
ment of climacteric syndrome of varying severity with
the formation of vegetative-vascular, emotional-men-
tal, metabolic-endocrine disorders and their combina-
tion.® The main symptoms of climacteric syndrome are
vasomotor and psychovegetative climacteric disorders
associated with estrogen deficiency, genitourinary dis-
orders due to atrophy of the lower urinary tract, chang-
es in bone density (osteoporosis). As we know, one of
the leading methods of treating menopausal syndrome
is hormone replacement therapy. However, not all wom-
en are able and willing to start treatment with hormon-
al drugs.

Throughout the history of medicine, the atten-
tion of doctors and scientists is riveted to herbal med-
icine. Avicenna as one of the founders of medicine, a
renowned doctor and scientist, emphasized that there
are three main tools of a doctor in medicine: the word,
herbs and a knife. It is known that biologically active
substances of a plant have much in common in their
structure with substances formed in the cells of ani-
mals and humans, and therefore preparations based on
them are well tolerated and have few contraindications
with high efficiency. More and more phytoprepara-
tions are being created on the basis of plants. The terms
“herbal medicine” and “herbal remedies” were first in-
troduced by the French physician Henri Leclerc, who
is rightfully considered the founding father of herbal
medicine. He is the author of many books on the use
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of medicinal herbs in clinical settings. Modern phy-
topreparations must meet the following requirements:
have a standardized composition; be of impeccable
quality, safe; do not contain foreign matter. Therefore,
the plants used in the production of phytopreparations
are cultivated and processed under strict control. The
content and quality of substances in plant raw materi-
als depend on the quality of the soil, climate, fertiliz-
ers, moisture content, the time of harvesting the plants,
and the quality of processing. It is important that side
reactions when taking phytopreparations are 5 times
less common than when using others drugs, and the
number of contraindications is significant smaller.” In
this regard, phytopreparations can be used for a longer
time, and when using them, the therapeutic effect oc-
curs more slowly, but is long-lasting.

Phytohormonal preparations have a wide spectrum
of action and balanced complex effect on metabolic pro-
cesses in the body, and are devoid of pronounced side
effects. Their influence is realized, first of all, at the cellu-
lar level, through the central nervous and endocrine sys-
tems. An important aspect of the pharmacodynamics of
phytohormones is that they stimulate the function of
the endocrine glands as a result of improving the energy
supply of endocrine cells and normalizing the synthe-
sis of ribonucleic acid and proteins, without disrupting
the physiological hormonal mechanisms of regulation.
Thanks to this, the glands continue to function actively
at the end of the course of therapy.

Aim

Analysis and generalization of data from professional
literature and own experience in the treatment of pa-
tients with pathologies of the female reproductive sys-
tem by phytotherapeutic methods, taking into account
the influence of medicinal plants on various links in the
pathogenesis of the disease, as well as making recom-
mendations for improvement and prospects for the use
of phytotherapy in the treatment of this pathology.

Material and methods

To make an analysis of literary sources of domestic and
foreign authors about usage of medicinal plants for the
treatment of pathologies of the female reproductive sys-
tem.

Most analyzed studies were clinical human (70%)
and animal studies (30%), and also based on the sub-
ject of the papers, most papers on the effects of different
plants focused on menstrual irregularities, premenstru-
al (PMS) and climacteric syndromes, inflammatory dis-
eases of the genital organs, mastopathy and mastodynia
(mastalgia), hyperprolactinemia, infertility. Based on
time of publication of papers, most of the selected stud-
ies were published in the period 2017-2021 and the up-
ward slope of studies has intensified from 2019 to 2021.

Analysis of the literature

The versatility of the action of herbal medicines and the
safety of their use make herbal medicine indispensable
in gynecology, obstetrics and perinatology, where the
fundamental issues are harmlessness to the fetus with
a very long duration of treatment, as well as obtain-
ing several effects from a minimum amount of funds.
In the overwhelming majority of cases, the body of a
pregnant woman and the fetus do not need intensive
therapy, but only the prevention of violations of the
adaptive-homeostatic reactions of the fetoplacental sys-
tem. Moreover, such prevention is necessary against the
background of treatment of complications of pregnancy
and the development of placental insufficiency, with the
risk of perinatal infection.?

For the treatment of gynecological diseases, plants
have also been used for a long time, and now their use
in this area has received scientific justification. Herbal
medicine is prescribed for various disorders of the men-
strual cycle (uterine bleeding, dysmenorrhea), for the
treatment of premenstrual and climacteric syndromes,
inflammatory diseases of the genital organs, mastopa-
thy and mastalgia and other pathological conditions. In
case of menstrual irregularities, ergot alkaloids are used,
they are direct-acting regulators of the menstrual cycle.
In cases of uterine bleeding, in order to reduce blood
loss, ergot preparations (methylergometrine, ergota-
mine) are used, as hemostatic agents — a decoction or
infusion of Stinging Nettle (Urtica dioica).” In the treat-
ment of primary (spasmodic) dysmenorrhea, herbal
remedies with antispasmodic, analgesic, hormone-mi-
metic effect are prescribed. It can be Chamomile (Mat-
ricaria chamomilla L.), Achillea millefolium, commonly
known as yarrow, Viburnum, Shepherd’s purse (Capsel-
la bursa-pastoris), Greater celandine, Atropa belladonna,
Hyoscyamus niger, commonly known as henbane, black
henbane, or stinking nightshade and Abraham’s tree.
Many plants have bactericidal activity, and this property
is used in the treatment of inflammatory diseases of the
mucous membranes and skin. Such properties are pos-
sessed by flowers of Chamomile (Matricaria chamomil-
la L.), Calendula officinalis, infusion of Medicinal sage
(Salvia officinalis L.)."°

Most often in gynecology, phytopreparations are
used in the treatment of menstrual irregularities, pre-
menstrual and climacteric syndromes, inflammatory
diseases of the genital organs, mastopathy and masto-
dynia (mastalgia), hyperprolactinemia and urinary tract
diseases. The range of indications for the use of phyto-
preparations is constantly expanding.

Hyperprolactinemia is one of the common causes of
reproductive system dysfunctions, its clinical mani-
festations are well known: menstrual irregularities, an-
ovulation, corpus luteum dysfunction, amenorrhea,
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Table 1. Characterization of compounds identified in medicinal plant
Medicinal

Biological active substances Pharmacological

plant properties
Vitexagnus  Protocatechuic (3,4-dihydroxybenzoic) acid, penduletin/eu- Antioxidant, chemopreventive, immunomodula-

castus patorin, luteolin-7-glucoside, isochlorogenic acid a, kaftaric tory and cytotoxicity, tumoricidal, antimutagenic,
acid, chlorogenic acid, corosol acid, luteolin 1 and 2, vitex-  antimicrobial, antifungal, insect repellant, larvi-
in, p-hydroxybenzoic acid, linolenic acid, luteolin glucoside, cidal, fracture healing, osteopenic, antinocicep-
agnuzide, misodendron, casticin, 6'-0-p-hydroxybenzo-  tive, opioidergic, antiepileptic, preventing non-
ylmusaenoside acid, chicory acid, apigenin, artemetin, alcoholic fat liver disease and oxidative stress,
hydroxy-tetramethoxyflavone, butyric acid anti-inflammatory activities
Caulophyllum  Magnoflorine, taspine, and boldine are contributed to Antibacterial activity, anti-inflammatory and
thalictroides  aporphine alkaloids, quinolizidine alkaloids, triterpenoid  analgesic effects, antioxidant effects, antiacetyl-
saponins, palmitic acid, a-spinasterol, a-spinaster- cholinesterase activity, antitumor activity, inhib-
ol-B-D-glucopyranoside, stigmasterol, lupeol, cholesterol itory cytochrome P450, Topoisomerase Inhibitor,
Wound Healing,
European  Triterpene saponins — isocyclamin and desglucocyclamin |, Antiproliferative activity, cytotoxic, spermicidal,
cyclamen  glycosides, phenolic components, anthocyanin and flavo- antimicrobial, laxative, abortive, sedative, purga-
noids tive, emmenagogue and antihelmintic, analgesic,
anti-inflammatory, antimicrobial, antioxidative
activities
Strychnos Vomicine, loganin, mavacurine, novacine, icajine, Inhibition of cyclooxygenase and
ignatia a-colubrine, B-colubrine, isostrychnine, pserdostrychnine, lipoxygenase, cytotoxicity, anti-cancer activity,

seudobrucine, 16-hydroxy-f3-colubrine, 18-hydroxy-sungu- xanthine oxidase inhibitory activity, neurotrans-
cine, 18-hydroxyisosungucine, isobrucine N-oxide,
isostrychnine N-oxide, 2-hydroxy-3-methoxystrychnine,
cycloartenyl

mitter receptors, antiplasmodial activity, antial-
coholic effect and reduction of alcohol
induced sleep time, antinociceptive effects, in-
palmitate, fatty acid, proteins, polysaccharides hibitory effect of CYP450
Lilium tigrinum Steroidal saponins, polysaccharides (galactose, mannose, Anti-tumor, hypoglycemic, antibacterial, anti-oxi-
arabinose, and galacturonic acid), alkaloids, flavonoids,

dation, anti-depression, anti-inflammatory
organic acids
(Iso)flavonoids, phenols, fatty acids, terpenoids, steroids,

Iris versicolor Antibacterial, antioxidant, anti-inflammatory,

xanthones, quinones anti-cancer, immunomodulatory
Flavonoids (kaempferol, kaempferol-3-glucoside, kaemp- Diuretic, aphrodisiac, antiurolithic, immunomod-
ferol-3-rutinoside, tribuloside, caffeoyl derivatives, querce- ulatory, antidiabetic, absorption enhancing, hy-
tin glycosides, rutin), saponins (tigogenin, neotigogenin, polipidemic, cardiotonic, central nervous system,
gitogenin, neogitogenin, hecogenin, neohecogenin,

Tribulus
terrestris L.

hepatoprotective, anti-inflammatory, analgesic,
diosgenin, chlorogenin, ruscogenin, and sarsasapogenin), antispasmodic, anticancer, antibacterial, anthel-

alkaloids, tribulusamides A and B, lignan amides, furostanol mintic, larvicidal, anticariogenic activities

glycosides (protodioscin, protogracillin)

Triterpene glycosides (acetin,cimicifugoside, 27-deoxyace- Labour-inducing effects, hormonal effects (estro-
tin), organic acids (isoferulic acid, cimicifugicacids) (A, B, E gen-like), anti-hyperlipidemia and anti-osteopo-
and F), fukinolic acid, caffeic acid, salicylic acid, cimicifugin, rosis effects, emmenagogue properties, anovula-
tannins, phytosterin

Cimicifuga

racemosa

tory effects, anti-proliferative effects

infertility, galactorrhea, PMS."! Hyperprolactinemia is Bromocriptine (Abergin), Lizurid, Pergolide; II - Quina-

associated with diseases of the mammary glands (cyclic
mastodynia, fibrocystic breast disease, galactorrhea) and
menstrual irregularities (secondary amenorrhea - 60-
85%, oligomenorrhea — 27-50%, hyperpolymenorrhea
due to insufficient function of the corpus luteum, anovu-
lation — 70%), as well as a pituitary tumor. Dopamine ag-
onists are the most commonly used drug in the treatment
of hyperprolactinemia. Their 1st generation includes

golide (Norprolac); IIT - Carbegoline (Dostinex)."

For the treatment of functional hyperprolactin-
emia phytopreparations are also successfully used. It is
known that the medicinal plant Vitex agnus castus has
dopaminergic properties, selectively blocking prolactin
synthesis, and reduces FSH levels. Vitex agnus-castus,
also called vitex, chaste tree (or chastetree), chasteberry,
Abraham’s balm, lilac chastetree, or monk’s pepper, is a
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native of the Mediterranean region. It is one of the few
temperate-zone species of Vitex, which is on the whole
a genus of tropical and sub-tropical flowering plants (ta-
ble 1). Theophrastus mentioned the shrub several times,
as agnos in Enquiry into Plants.”® It has been long be-
lieved to be an anaphrodisiac, leading to its name as
chaste tree, but its effectiveness for such action remains
unproven. The preparations of Vitex agnus castus are ef-
fective in women of different ages with menstrual irreg-
ularities associated with hyperprolactinemia and luteal
phase insufficiency, is used for mastalgia and PMS, in
view of the possibility of a single daily intake, it is conve-
nient for treatment and has a low number of side effects.

Phytopreparations are also used to treat premen-
strual and climacteric syndromes.

PMS develops a few days before the onset of menstru-
ation and manifests itself as both mental and somat-
ic symptoms, which are expressed in fear, irritability,
mood swings, drowsiness, headache, a feeling of chest
swelling, bloating and swelling of the legs. The main
hormones that regulate the menstrual cycle throughout
a womanss life, as well as the growth and development
of the mammary glands, are the hormones of the pitu-
itary gland, ovaries (estrogens and progesterone), thy-
roid gland, adrenal glands and other biologically active
compounds.' A large role belongs to prolactin - a hor-
mone produced by the pituitary gland. Prolactin, togeth-
er with estrogens and progesterone, controls the entire
process of mammogenesis, providing both the forma-
tion of intraorgan structures and postpartum lactation.
The role of prolactin is especially important during preg-
nancy, when the mammary gland is preparing for lac-
togenesis. Prolactin provides the synthesis of proteins,
carbohydrates and milk lipids. After childbirth, the lac-
togenic effect of the hormone increases sharply. At the
end of lactation, prolactin production drops to baseline.
A pathological increase in the level of this hormone out-
side pregnancy and lactation can cause the development
of mastopathy.”® Often there is not a constant, but the
so-called latent increase in the level of prolactin, leading
to the development of a symptom complex called PMS
(soreness and engorgement of the mammary glands, es-
pecially in the second phase of the menstrual cycle or
just before menstruation, as well as vegetative disorders,
migraine-like headaches, edema extremities, abdominal
pain, flatulence). With the onset of menstrual bleeding,
all of these symptoms usually disappear.’®

In the pathogenesis of the development of PMS the
leading role also is played by the violation of the secre-
tion of serotonin. Serotonin and ovarian hormones have
a close reciprocal relationship. Estrogens have a potent
modulating effect on monoamine metabolism and cen-
tral nervous system (CNS) function. The clinical manifes-
tations of premenstrual tension syndrome are associated

with a lack of serotonin in the CNS, relative hyperestro-
genism and a violation of the ratio of estrogen and pro-
gesterone in the luteal phase of the menstrual cycle.”

Mastalgia occurs in 45-50% of patients.’® The most com-
mon cause of mastalgia is a disturbance in the estradiol/
progesterone relationship and an increase in prolactin se-
cretion. Pain in the mammary glands is observed in 15-
30% of women receiving hormone replacement therapy,
as well as combined oral contraceptives (COCs), and are
observed in the first months of their intake, which is as-
sociated with a slight increase in prolactin secretion and
its level in blood serum in healthy women."

Strychnos ignatia, Caulophyllum thalictroides, Euro-
pean cyclamen, Lilium tigrinum, Iris versicolor provide
a complex effect on the female body, effectively reduc-
es the level of prolactin and the severity of mastalgia,
which is confirmed not only by clinical data, but also by
mammography data in fibrocystic breast disease (table
1). Strychnos ignatia is a tree in the family Loganiace-
ae, native to the Philippines, particularly in Catbalogan
and parts of China.” The plant was first described by
the Moravian (Czech) Jesuit working in the Philippines,
brother Georg Kamel who named its seeds “the beans
of St. Ignatius”, in honour of the founder of his reli-
gious order. Caulophyllum thalictroides, the blue cohosh,
a species of Caulophyllum (family Berberidaceae) is a
flowering plant in the Berberidaceae (barberry) family.
It is a medium-tall perennial with blue berry-like fruits
and bluish-green foliage. The name cohosh is probably
from an Algonquian word meaning “rough” Cyclamen
purpurascens, the Alpine, European or purple cyclamen,
is a species of flowering plant in the genus Cyclamen of
the family Primulaceae, native to central Europe, north-
ern Italy, and Slovenia. It is an evergreen tuberous pe-
rennial with (usually) variegated leaves, and deep pink
flowers in summer. Lilium lancifolium (syn. L. tigrinum)
is an Asian species of lily, native to China, Japan, Korea,
and the Russian Far East. It is widely planted as an orna-
mental because of its showy orange-and-black flowers,
and sporadically occurs as a garden escapee in North
America, particularly the eastern United States includ-
ing New England, and has made incursions into some
southern states such as Georgia.?' Iris versicolor is also
commonly known as the blue flag, harlequin blueflag,
larger blue flag, northern blue flag, and poison flag, plus
other variations of these names, and in Britain and Ire-
land as purple iris. It is a species of Iris native to North
America, in the Eastern United States and Eastern Cana-
da. It is common in sedge meadows, marshes, and along
streambanks and shores. The specific epithet versicolor

means “variously coloured”?

Infertility, which occurs in 15-20% of all married cou-
ples, should be considered one of the most significant
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problems in medicine. It is estimated that approximate-
ly 10 million new infertile couples emerge each year.
Moreover, in 55-65% of cases, the cause of infertility
lies in the woman. Endocrine forms of female infertil-
ity are determined primarily by violations of ovulation
and account for 35-40% of all forms of infertility. At the
same time, 25% of the examined women with infertility
of inflammatory genesis have normal hormonal func-
tion, and the overwhelming majority (75%) have its
disorders. Menstrual cycles are of the type of failure of
both phases (35%) or the second phase (45%). Chang-
es in circadian rhythms and folliculogenesis are noted.
Herbal preparations containing steroid glycosides (sa-
ponins) differ from synthetic hormonal preparations in
a balanced complex effect on metabolic processes, due
to which there is no violation of the physiological mech-
anisms of hormone regulation in the body. It is very im-
portant that the effect of phytohormones is manifested
only against the background of the existing dysfunction
of the endocrine glands, without affecting the normal-
ly functioning glands. One of the medicines containing
steroidal saponins is a herbal preparation derived from
the plant Tribulus terrestris L. (Zygophyllaceae) (Table 1).
In terms of the content of furostalone saponins, Tribes-
tan, consisting of n-butanol (n-BuOH) extract of the ae-
rial parts of the plant, exceeds other analogues by 5-30
times. The content in the preparation of protodioscin
(the main compound by which Tribestan is standard-
ized) is >45%. T. terrestris is a native of the Mediter-
ranean region, widespread in warm regions of Europe,
Asia, America, Africa and Australia. T. terrestris, known
in ancient Greece, is still used in traditional medicine in
India, China, Bulgaria and other countries in the treat-
ment of a wide range of diseases, including the urinary
tract and sexual dysfunctions. In open clinical trials, T.
terrestris has shown a positive effect in the treatment of
female infertility. Recently, T. terrestris herb extract has
become one of the most popular herbal products. The
drugs based on the saponin fraction of T. terrestris are
used in the treatment of infertility and libido disorders
in men and women.”

Menopausal syndrome is understood as a set of com-
plaints that women over the age of 45 apply to. The most
common disorders are poly- and oligomenorrhea, dys-
functional bleeding, hot flashes, sweating, sleep dis-
turbances, depression. One of the main treatments for
menopausal disorders caused by estrogen deficiency is
hormone replacement therapy (HRT). However, there
are subjective and objective factors that reduce the ac-
ceptability of HRT.* These include contraindications for
its implementation, a subjective negative reaction of a
woman to taking hormonal drugs, the possibility of side
effects, as well as intolerance to certain drugs. Therefore,
in recent years, much attention has been paid to alter-

native methods of treating menopausal disorders. Im-
proving health with hot flashes and other complaints of
a climacteric nature, protection from osteoporosis with-
out side effects - this is what women in menopause ex-
pect from an ideal drug. There has been research in the
global pharmaceutical industry for many years to “im-
prove estrogen’, but nature has dealt with it faster. Af-
ter the so-called selective estrogen receptor modulators
(SERMs) have become a sensation in recent years, simi-
lar properties have been found in the extract of Cimicif-
uga racemose (table 1).” For the treatment of climacteric
syndrome, a large number of medicinal plants are used,
in particular, the most popular is the Cimicifuga race-
mosa (black cohosh). C. racemosa has long been used
to treat the effects of snakebites, as a remedy for rheu-
matism, and later in climacteric syndrome, PMS, and
prolonged formation of menstrual function. It has been
proven that extracts of C. racemosa have a central se-
rotonergic effect (contain components that bind sero-
tonin receptors). There is evidence of the possibility of
stimulation of certain substances by C. racemosa (estro-
gen-binding proteins), indirectly suppressing or stim-
ulating estrogen receptors. There is a hypothesis about
possible binding with other (not a and not b), not yet
identified subtypes of estrogen receptors. The adverse ef-
fects caused by C. racemosa ranged from mild reactions,
such as nausea, vomiting, headaches, dizziness, mastal-
gia, and weight gain, to acute liver damage, breast can-
cer metastasis. C. racemosa displayed side effects on the
liver, cardiovascular, central and peripheral nervous sys-
tem, gastrointestinal tract.® The herbal origin of a drug
does not automatically mean its safety - it still needs to
be proven. Factors that can cause toxicity include mis-
identification of plant species, different times and lo-
cations of collection, incorrect selection of plant parts,
improper storage, contamination during preparation,
errors in nomenclature and labeling, and falsification.
For example, C. racemosa has an area of distribution in
North America and there are many preparations based
on it. In recent years, many drugs have appeared on the
market that “use” cheaper species of Cimicifuga, which
do not have the same effects as C. racemosa, despite the
differences in chemical composition between them.

There are relatively few medicinal plants available
for herbal medicine in this area. Their action can be con-
sidered as the action of hormone mimetics. The thera-
peutic effect of these medicinal plants is due to the still
unknown “plant hormones” - substances similar to hor-
mones, but not replacing hormones. Thus, herbal med-
icines can be effectively used in various obstetric and
gynecological pathologies. It should be noted that the
advantages of herbal remedies are good tolerance and a
small number of contraindications; efficiency compara-
ble to evidence-based medicine therapy.”
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Conclusions

The relevance of studying the reproductive health of pa-
tients with dyshormonal non-inflammatory pathology of
the female reproductive system is due to the steady in-
crease in the share of this pathology in recent years in the
structure of gynecological morbidity, the rejuvenation of
the patient population, and the lack of a unified algorithm
for rehabilitation measures. The choice of adequate tac-
tics for managing such patients from the existing variety
of treatment is the key to the success. The effectiveness of
phytotherapeutic drugs has been verified by many clinical
trials. Since phytopreparations practically do not cause
side effects, they can be prescribed for a long time both
as an independent treatment and in combination with
other drugs. Modern phytotherapy is becoming more
widespread in clinical practice, as an alternative to drug
treatment. Phytotherapy is not only a scientifically based
method of treatment and prevention of diseases, but also
a method that has all the rights to creative development.
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ABSTRACT

Introduction and aim. Paired box 8 (PAX-8) is a specific transcription factor known as a protein product gene that plays an es-
sential role in organogenesis and oncogenesis. The aim of this paper was to discuss structure and function of PAX-8.The aim of
this study is to determine the utility of PAX-8 in cytology effusions with metastatic tumor.

Material and methods. This article is a review done in regards to discuss the role knowledge on PAX-8 especially in oncogen-

esis and organogenesis.

Analysis of the literature. Current information about PAX-8 is presented.
Conclusion. The PAX family of genes plays an important role in the formation of tissues and organs during embryonic develop-

ment and in maintaining the proper functioning of certain cells after birth
Keywords. oncogenesis, organogenesis, paired box 8, PAX-8, transcription factor

Introduction

Paired box 8 (PAX-8) is a specific transcription factor
known as a protein product gene that plays an essen-
tial role in organogenesis and oncogenesis. Location
of PAX-8 in chromosome 2 is presented in Fig. 1. This
gene belongs to the family of paired box transcription
factors (PAX). The PAX genes provide instructions for
making proteins that attach to specific regions of DNA,
and these proteins help to control the activity of partic-
ular genes - their expression. Based on this action, PAX
proteins are called transcription factors. The PAX fam-
ily of genes plays an important role in the formation of
tissues and organs during embryonic development and
in maintaining the normal function of some cells after
birth.'"* PAX-8 is a transcription factor involved in the
regulation of organogenesis of the thyroid, kidneys and
paramesonephric ducts (Miillerian ducts).*¢ PAX-8 re-
leases hormones important for regulating growth, brain
development and metabolism. After birth, the PAX-8

protein regulates several genes that are responsible for
the production of thyroid hormones.””

Aim
The aim of this study is to determine the utility of PAX-8
in cytology effusions with metastatic tumor.

Material and methods

This article is a review done in regards to discuss the role
knowledge on PAX-8 especially in oncogenesis and or-
ganogenesis.

Analysis of the literature

The roles of PAX-8 in oncogenesis are diverse and in-
clude epigenetic remodeling, stimulation of prolif-
eration, inhibition of apoptosis, and regulation of
angiogenesis. PAX-8 may interact with various protein
partners during tumor progression and may exhibit sig-
nificant function-altering alternative splicing.''> Al-
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Fig. 1. PAX-8 location

ternative splicing is a fundamental regulatory process
of gene expression. Defects in alternative splicing can
lead to a variety of diseases, and modification of dis-
ease-causing splicing events holds great therapeutic
promise.'"” Outcome of splicing is often influenced by
extracellular stimuli and signaling cascades that con-
verge in RNA-binding splicing regulators. in epithelial
tumors of the thyroid and parathyroid glands, kidneys,
thymus and female genitals. PAX-8 expression has also
been reported in some neuroendocrine neoplasms, in-
cluding well-differentiated pancreatic neuroendocrine
tumors, duodenal and rectal carcinoids, and also in
B-cell lymphomas. It has been shown that PAX-8 pos-
itivity in these tumors was due to a cross-reactivity of
the antibody with the N-terminus region of PAX-6 and
PAX-5 respectively. The PAX-8 gene often influences
the formation of thyroid tumors (cancers). The abnor-
mal growth then affects individual cells called follicu-
lar thyroid cells. Some of these growths, called follicular
adenomas, are non-cancerous (benign). Other cancers
known as follicular carcinomas are malignant.?'2

The combined PAX-8/PPARG gene occurs when the
PAX-8 gene on chromosome 2 is linked to the PPARG
gene on chromosome 3. The way PAX-8/PPARG influ-
ences thyroid follicular cell growth or why some lesions

become cancerous while others are benign has not been
fully elucidated. On the other hand, it is likely that the
joined gene interferes with the normal control of cell di-
vision or triggers new cell actions that promote tumor
formation. Rearrangements occurring within the PAX-
8/PPARG genes most often concern follicular thyroid
carcinomas. The PPARG gene encodes a nuclear recep-
tor protein that regulates the expression of genes re-
sponsible for glucose and fatty acid metabolism.?? The
PAX-8 protein is one of the transcription factors regu-
lating the synthesis of thyroid hormones (functional dif-
ferentiation markers e.g. Tg, TPO, Slc5a5 and Tshr). As
a result of the fusion involving the majority of the cod-
ing sequences of both genes, they result in the constant
expression of the fusion protein, while maintaining the
function of both proteins, which leads to deregulation
of the metabolic processes of the cell. PAX-8/PPARG
rearrangements are also correlated with lower age of
onset and exposure to ionizing radiation.”” Thyroid dys-
genesis is the leading cause of congenital hypothyroid-
ism, a condition characterized by abnormally low levels
of thyroid hormones from birth, affecting nearly 1 in
2,000-3,000 newborns worldwide, as the most common
endocrine disorder in newborns. PAX-8, expressed at
all stages of thyroid follicular cell development, plays a
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key role in thyroid morphogenesis through a complex
regulatory network.®

At least 15 PAX-8 mutations contribute to congen-
ital hypothyroidism, others may only slightly decrease
thyroid hormone levels or have no detectable effect.
Most mutations change one of the amino acids used to
make the PAX-8 protein. Other mutations disrupt pro-
tein production, causing an abnormally small version of
the PAX-8 protein. Almost all mutations in the PAX-8
gene prevent the PAX-8 protein from binding effectively
to DNA. One mutation alters the interactions between
the PAX-8 protein and other transcription factors. As a
result, the PAX-8 protein cannot fulfill its role in regu-
lating the activity of some genes."

The thyroid gland is extremely small in people with
the PAX-8 gene mutation. This finding suggests that
mutations in the PAX-8 gene interfere with the normal
growth or survival of thyroid cells during embryonic de-
velopment. As a result, the thyroid gland is reduced in
size and may not be able to produce the normal amount
of thyroid hormones. Since cases caused by mutations
in the PAX-8 gene are caused by a problem with thyroid
development, they are classified as thyroid dysgenesis."”
PAX-8 expression is increased in neoplastic renal tissues,
Wilms tumors, ovarian cancer, and Miillerian carcino-
mas. For this reason, PAX-8 immunodetection is widely
used in the diagnosis of primary and metastatic kidney
tumors. Reactivation of PAX-8 (or PAX-2) expression
has been reported in pediatric Wilms’ tumors, nearly all
subtypes of renal cell carcinoma, renal adenomas, ovari-
an, bladder, prostate and endometrial cancer cells. PAX-
8 expression is also induced during the development of
cervical cancer.” Ovarian cancer is one of the most dan-
gerous and widespread gynecological cancers. It is the
seventh leading cause of all cancer deaths in the world.
High-grade serous cancer (HGSC) accounts for 70% of
all ovarian cancer deaths. PAX-8 becomes an important
histological marker in most epithelial ovarian cancers as
it is present in approximately 90% of cases, especially in
HGSC. PAX-8 is necessary for the proper development
of the Miiller’s duct, which includes the fallopian tube,
uterus, cervix, and the top of the vagina. In adults, it is
expressed in the fallopian tube and uterine epithelium.
Considering recent studies that look at events preceding
HGSC tumor formation from the fallopian tube, PAX-8
appears to play an important role in the development of
ovarian cancer.”

PAX genes code for growth regulators that are ex-
pressed in a variety of tissues and control critical events
in morphogenesis. In kidneys, PAX-8 and PAX-2 are
expressed in embryonic development and in certain
kidney diseases related to abnormal proliferation (mul-
tiplication) of epithelial cells."! Genetic and cell biolog-
ical studies suggest that reducing PAX protein activity
in kidney cancer or polycystic kidney disease may slow

the progression of these conditions. PAX proteins may
be critical for tissue specificity and for epigenetic mod-
ifiers that control gene expression and chromatin struc-
ture. It may be possible to target PAX proteins to inhibit
their function using small molecules. In the absence of
effective treatments for kidney cancer and cystic disease,
the PAX family of proteins represents new pharmaceu-
tical targets that deserve research and further develop-
ment.**?!

Various previous studies have provided that PAX-
8 expression occurs at high levels in specific types of
tumor, including thyroid and renal carcinomas and
pancreatic neuroendocrine tumors. PAX-8 has been re-
ported to be useful for the detection and differential di-
agnosis of ovarian carcinoma.’!**

PAX-8 has been recognized as a potential immu-
nohistochemical marker of pancreatic neuroendocrine
tumors. Haynes et al were establishing whether PAX-
8 immunohistochemistry can be used as an ancillary
marker of pancreatic origin for neuroendocrine tumors.
Among welldifferentiated neuroendocrine tumors, only
tumors from the pancreas were PAX-8 positive for 56%
cases. It can help distinguish pancreatic primary tumors
from tumors of other anatomic sites. Among poorly dif-
ferentiated neuroendocrine carcinomas, PAX-8 expres-
sion was identified in all cases of pancreatic and thymic
carcinomas.”

Metastatic breast carcinoma is known to morpho-
logically mimic primary ovarian carcinoma, resulting
in difficulty in distinguishing between these forms of
cancer. Study with microarray analysis revealed that
PAX-8 and EPAC are expressed at higher levels in
ovarian compared with breast cancer.?*** Before that
WT1 was considered to be a suitable marker to distin-
guish metastatic breast cancer from ovarian carcinoma.
However, WT1 was later observed in focal breast can-
cer, causing false positive results. By contrast, PAX-8
was stained in none of the breast and almost all ovari-
an cancer samples, indicating that PAX-8 is a more su-
perior marker for the differential diagnosis of ovarian
and breast cancer. ***!

Conclusion

Expression of PAX-8 in cancer can serve as a biomarker
for diagnostic and prognostic purposes. Due to its limit-
ed expression, PAX-8 is a useful immunohistochemical
marker with a wide range of diagnostic applications in
surgical pathology. Understanding the different mecha-
nisms of action of PAX-8 in development and oncogen-
esis may identify novel malignancies that currently lack
effective therapies.
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ABSTRACT

Introduction and aim. Non-ketotic hyperglycemia (NKHG), also known as hyperosmolar hyperglycemic state (HHS) is a serious
metabolic complication of diabetes mellitus (DM).The mortality rate can be up to 20% and this is much more higher than that
of diabetic ketoacidosis (DKA). It is usually precipitated by an event such as pulmonary/urinary infection, myocardial infarction
(M) or stroke. In this state of metabolic derangements, central nervous system (CNS) manifestations including altered mental
status with or without focal neurological deficits are prominent clinical presentations. On the other hand, HHS may also be
complicated with various other CNS events. Herein, a quite rare presentation of HHS with hemichorea K hemiballismus ina 71
year old female patient with type 2 DM is presented.

Description of the case. A 71-year-old female patient type 2 DM presented to our emergency department with progressive in-
voluntary movements on the right upper and lower extremities accompanied by semiconsciousness during the last 24 hours.
On neurological examination, cranial nerves and cerebellar signs were found to be normal, as the deep tendon reflexes. How-
ever, involuntary non-rhythmic writhing movements at rest were present on her right sided extremities. The fingerstick evalu-
ation showed marked hyperglycemia (HG). The laboratory findings were characterized with high blood glucose level without
obvious acidosis compatible with HHS. In urine analysis, glucosuria without significant ketonuria was detected. On head CT,
subtle hyperdensity was noted in the left neostriatal regions without any mass effect or perilesional edema, compatible with
left sided diabetic striatopathy (DS).

Conclusion. Diabetic striatopathy is a quite rare presentation of HHS with hemichorea - hemiballismus. The characteristic com-
puted tomograhy (CT) findings of associated striatopathy should be differentiated from vascular lesions that may also present
with unilateral findings in the course of HHS and should not be overlooked in diabetic patients to recognise the ongoing HHS
before the coma precedes.

Keywords. diabetic striatopathy, hemiballismus, hemichorea, hyperdense basal ganglia

Introduction It is a potentially fatal complication which can prog-

Non-ketotic hyperglycemia (NKHG), also known as
hyperosmolar hyperglycemic state (HHS) is a serious
metabolic complication of diabetes mellitus (DM). It
is particularly seen in elderly diabetic women, mostly
with T2DM but can also occur in type 1 DM. It was first
described by Won Frerichs and Dreschfeld in 1880s.

ress to coma, which is called as non-ketotic hyperos-
molar coma (NKHC). The mortality rate can be up to
20% and this is much more higher than that of diabet-
ic ketoacidosis (DKA).** It is usually precipitated by an
event such as pulmonary/urinary infection, myocardi-
al infarction (MI) or stroke. HHS is characterized with
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profound hyperglycemia (HG) without significant keto-
acidosis & Kussmaul breathing or fruity urine. In HHS,
high blood glucose level leads to severe dehydration and
increased osmolarity resulting in decreased circulation
with compromised end organ perfusion. As a response
to decreased cerebral blood flow, the brain starts to pro-
duce osmotically active organic substances (idiogenic
osmoles) in order to ensure intracellular volume by pre-
venting fluid from moving into the extracellular space
from the intracellular space.* In this state of metabolic
derangements, central nervous system (CNS) manifes-
tations including altered mental status with or without
focal neurological deficits are prominent clinical pre-
sentations. On the other hand, HHS may also be com-
plicated with various other CNS events, some of which
are early presenting clinical manifestations before the
coma.

Aim

Herein, we aimed to present a quite rare presentation of
HHS with hemichorea - hemiballismus in a 71-year old
female patient with type 2 DM.

Description of the case

A 71-year-old female patient with hypertention, hyper-
cholesterolemia and long-standing poorly controlled
type 2 DM presented to our emergency department
with progressive involuntary movements on the right
upper and lower extremities that started 4-5 days ago
and were accompanied by semiconsciousness during
the last 24 hours. There were no history of movement
disorders, previous history of stroke or trauma. She
was ill appearing with findings of dehydration includ-
ing hypotension (105/65 mmHg), tachycardia (113/
minute) and weak pulses. The skin and the oral mucosa
were all dry with poor skin turgor. Her body tempera-
ture was raised (38.3°C). On neurological examination,
cranial nerves and cerebellar signs were found to be
normal, as the deep tendon reflexes. However, invol-
untary non-rhythmic writhing movements at rest were
present on her right sided extremities. The fingerstick
evaluation showed marked HG. The laboratory find-
ings were characterized with high blood glucose level
(524 mg/dL) without obvious acidosis (pH: 7.347 and
HCO,: 12 mmol/L) compatible with HHS. Serum sodi-
um (Na*) level was 131 mg/d] with increased anion gap
of 20 mmol/L. The low level of Na was compatible with
pseudohyponatremia and the corrected level was calcu-
lated as 137.8 mg/dL. The serum osmolarity was calcu-
lated as 345 mOsm/L. The other electrolytes including
potassium (4.6 mg/dL), phosphorous and magnesium
were all in the normal ranges, except the increased lev-
el of Cl (113 mg/dL). The creatinine, urea and uric acid
levels were elevated reflecting prerenal azotemia. In
urine analysis, glucosuria without significant ketonuria

was detected. The white blood cell count (WBC) was
increased (25x10%/uL) with neutrophil predominance
(90%) in addition to increased level of procalcitonin
(6.45 pg/L), which reflects a pyogenic infection. Neither
pneumonia on chest computed tomography (CT) nor
urinary tract infection in urine analysis were detected,
but methicillin resistant staphylococcus aureus (MRSA)
was established in the blood culture analysis (Table 1).

Table 1. The laboratory values

Patient’s results Normal reference

values
Blood glucose 524 mg/dL 74-100 mg/dL
pH 7.347 7.37-7.45
HCO, 12 mmol/L 21-26 mmol/L
Na* 131 mmol/L 136-145 mmol/L
K+ 4.6 mmol/L 3.5-5.1 mmol/L
Cr 113 mmol/L 95-105 mmol/L
WBC 25x103/uL 3.8-10x103/uL
neutrophils 90% 45-78 %
procalcitonin 6.45 pg/L 0-0.5 pg/L

On head CT, there were no intracranial hemorrhage
or cerebral edema. However, when looked at carefully,
subtle hyperdensity was noted in the left neostriatal re-
gions without any mass effect or perilesional edema, com-
patible with left sided diabetic striatopathy (DS) which
explains the right sided hemichoreic movements (Fig. 1).
She was managed with wide spectrum intravenous an-
tibiotherapy in addition to isotonic fluid and insulin to
correct the HG with close monitoring of the glucose level.
Her clinical findings were resolved upon glucose control
completely at first month on clinical follow up.

Fig. 1. Head CT showing subtle abnormal hyperdensity
involving the left striatal regions; The head of caudate
nucleus (a,b; red arrow), the body of caudate nucleus
(a,white arrow) and putamen (b, black arrow)

Discussion

HHS is defined as plasma glucose level greater than
600 mg/dL, plasma effective osmolarity greater than
320 mOsm/L at the absence of significant ketoacido-
sis.’ In the pathophysiology, the main underlying factor
is decreased utilization of glucose in peripheral tissues



124

European Journal of Clinical and Experimental Medicine 2022; 20 (1): 122—125

caused by the deficient effect of insulin. The resultant
HG becomes more pronounced with gluconeogenesis
and glycogenolysis by the release of counter-regulato-
ry hormones as a response to tissue starvation, as in the
pathogenesis of DKA. Also, increased serum osmolari-
ty causes free water to be withdrawn from extracellular
space and excreted in the urine, along with glucose and
electrolytes, resulting in dehydration.® In HHS, as insu-
lin is still produced, ketogenesis is greatly inhibited, and
thus ketonemia & acidosis. In severe HG, the osmotic
gradient leads to passage of intracellular water into the
extracellular space resulting in Na* level to be measured
incorrectly low, which should be corrected to assess the
severity of dehydration and to adress the management.
On the other hand, the anion gap must be calculated by
using the measured Na* level instead of the corrected
Na* and if it is found to be increased as in our patient,
the cause is lactic acid production from compromised
end-organ perfusion, which is also the cause of mild ac-
idosis in HHS, if present.” Acute neurological manifes-
tations in HHS are not uncommon. First of all, patients
are at increased risk of thromboembolic events due to
hyperosmolarity. Moreover, the earliar stages of HHS,
may be complicated with various CNS events. Seizure
is seen in up to 25% of the cases and is called as non-
ketotoic hyperglycemic seizure.® Much more rare than
this, hemichorea-hemiballismus may also be the early
presentation in HHS. It is also called as nonketotic hy-
perglycemic hemichorea, chorea-hyperglycemia-basal
ganglia syndrome or DS. It is more commonly reported
in elderly type 2 diabetic female patients as compared
to males, and more frequently in Asian patients, which
may suggest a genetical predisposition or may be a pub-
lication bias.”'® The neostriatum is composed of caudate
nucleus and putamen, which involve in voluntary mo-
tor control and timing of the movement among many
other functions. Hemichorea-hemiballismus is unilat-
eral involuntary and non-rhytmic movements on one
side of the body caused by contrlateral disorders of the
neostriatum. DS is a very rare cause of hemichorea-he-
miballismus associated with contrlateral neostriatal im-
aging abnormalities.>'! A metanalysis reported bilateral
chorea with bilateral neuroimaging abnormalities in a
small subset of the cases. Hemichorea with ipsilateral
neuroimaging findings was very rare which was seen
in only 2% of the patients while 98% of the cases had
contrlateral findings.® Although the exact pathogenesis
is not clear, the augmented sensitivity of dopaminergic
receptors in neostriatum due to decline in the estro-
gen receptors is considered regarding the higher preve-
lance in elderly women.'? Cerebrovascular insufficiency
causing transient ischemia and petechial microhemor-
rhages were also proposed as the underlying causes. Ad-
ditionally, secondary metabolic changes like depletion
of gamma-aminobutyric acid and acetylcholine asso-

ciated with metabolic acidosis secondary to shifting of
cerebral metabolism to anaerobic pathway is also con-
sidered.”*!* Neuroimaging findings are very typical and
include contrlateral hyperdensity in the neostriatum on
CT and corresponding T1w hyperintensity on magnet-
ic resonance imaging (MRI) in the same areas.'>'>"” Al-
though the precise pathophysiological causes of these
neuroimaging abnormalities are also not clear, petechial
microhaemorrhages due to regional blood-brain barrier
disruption induced by hyperviscosity resulting in eryth-
rocyte diapedesis was suggested.'® In addition, mineral
deposits, myelin destruction and infarction with astro-
cytosis were also proposed.’*'”" Petechial microhem-
orrhages can explain the characteristic CT finding but
some reports including susceptibility images show that
hemorrhages are not present consistently. Calcification
is another explanation for CT hyperdensity but revers-
ibility of the imaging findings makes this also unlike-
ly. Therefore, reactive astrocytosis and an abundance of
gemistocytes was suggested as the most possible under-
lying mechanism to explain the high T1 signal on the
MRI and protein desiccation during Wallerian degen-
eration to explain CT findings."” Neuroimaging studies
are crucial in the evaluation of acute onset hemicho-
rea-hemiballismus in order to differentiate vascular
lesions which may also present as a unilateral basal gan-
glia findings. The hyperdensity conforming to the shape
of the caudate nucleus and the putamen with no per-
ilesional edema and no mass effect on CT is very char-
acteristic to distinguish DS from hemorrhage involving
basal ganglia. DS is also differentiated from a striatocap-
sular infarct caused by the occlusion of middle cerebral
artery (MCA) by the sparing of the anterior limb of the
internal capsul.’ Besides, on CT the abnormality is not
hyperdense in case of ischemic infarction and instead,
faint hypodensity may present. The reversibility of neu-
roimaging findings upon correction of HG in contrast
to the vascular lesions is the other characteristic feature
of DS and usually seen on follow up imaging studies.
The time for the resolution of the imaging findings was
reported as three months for CT and over eight months
on MRI in a study.”” Unfortunately, our patient had no
follow up imaging studies till the three monts after her
presentation to show the reversibility. In addition, elec-
troencephalography had not been performed during the
clinical follow up of the patient to evaluate the changes.
In the management of DS there is no need for specific
treatment. The prognosis is excellent in most of the cases
and clinical findings resolve with the correction of HG
- hyperosmolarity. In a case series, the complete resolu-
tion of the chorea was shown in 74% of the patients over
a period of one hour to ten months.” However, some pa-
tients may require dopamine antagonists for the relief
of the longstanding symptoms. The other important as-
pect of HHS regarding neurological complications is the
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prevention of cerebral edema during management. The
serum osmolarity should be decreased so rapidly that it
does not exceed the rate at which the brain can remove
the idiogenic osmoles. Therefore blood glucose level
should be closely monitored and should be prevented
from sudden drop.

Conclusion

In conclusion, hemichorea-hemiballismus syndrome
can be encountered as an early presenting clinical man-
ifestation in HHS and imaging plays an important role
in dfiferentiation of DS from vascular lesions which may
also occur in the course of HHS as a triggering factor or
as a complication related with hyperosmolarity and may
also present with unilateral imaging findings. It should
not be overlooked in diabetic patients to recognise the
existing HHS and to prevent coma.
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ABSTRACT

Introduction and aim. Multinodular and vacuolating neuronal tumor (MVNT) of the cerebrum is a rare benign, mixed glial/
neuronal lesion which has been included in the recent (2016) World Health Organization (WHO) Classification of the central
nervous system tumors.Most of the reported cases are remarkable with adult onset seizure in the literature.They can also be
found incidentally in nonepilepsy patients with or without headache We aimed to present this unique entity with its typical
magnetic resonance imaging (MRI) features.

Description of the case. A 21-year old man presented with complaint of headache that increased in frequency within the
last few months.No relevant seizure or any other signs of note.He was diagnosed with MVNT by imaging andstarted to be fol-
lowed-up.The repeat MRI 6 months later showed no interval changes.

Conclusion. Clinicians should be aware of that it is a do not touch lesion in asymptomatic patients with no need for biopsy or
surgery and follow up imaging is sufficient when presented with the typical MRI manifestations. Surgical resection may be re-

quired for seizure control and was reported in few cases with no tumoral regrowth in the literature.
Keywords. do not touch brain tumors, magnetic resonance imaging, multinodular and vacuolating neuronal tumor

Introduction

Multinodular and vacuolating neuronal tumor
(MVNT) of the cerebrum is a rare benign, mixed gli-
al/neuronal lesion which has been included in the
recent (2016) World Health Organization (WHO)
Classification of the central nervous system tumors
(WHO grade I).! However, pathological characteris-
tics are thought to be more closer to a developmen-
tal malformation.? In addition, lesions with identical
imaging features have been described in the cerebel-
lum but have not been histologically confirmed and
have, therefore, prudently been named as multinodu-
lar and vacuolating posterior fossa lesions of unknown
significance (MV-PLUS).*> Most of the reported cases
are remarkable with adult onset seizure in the litera-

ture.They can also be found incidentally in nonepilepsy
patients with or without headache.**

Aim
We aimed to present this unique entity with its typical
MRI features detected in a 21-year old man.

Description of the case

A 21-year old male patient presented with complaint of
headache with increased frequency within the last few
months. No relevant seizure or any other signs of note.
Brain MRI revealed innumerable, small, well-defined, co-
alescent nodules extending from the juxtacortical white
matter to the juxtaventricular area of the left frontal lobe
sparing the overlying cortex. They were T2w/Flair hyper-
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intense without restricted diffusion and blooming on sus-
ceptibility weighted imaging (SWT) (Fig.1).

Fig. 1. Axial T2w (A), Flair (B), Flair 3D reconstruction

(C) images showing a left frontal intraaxial subcortical
lesion consisting of multiple, well marginated coalescent
hyperintense nodules (A,B,C, white arrows). Note the lower
signal intensity of the lesions in comparison to CSF on T2w
images (A) and the absence of surrounding white matter
hyperintensity on T2w/Flair images (A,B,C). Axial DWI (D)
and ADC mapping (E) showing no restricted diffusion (D,E,
arrows). Axial SWI (F) image shows no blooming. Note the
superficial subcortical localization of the lesions following
the gyral contour with extention to the deeper white
matter areas (A,B,C, red arrow)

The lesions were isointense to gray matter on T1w
images with no pathological enhancement following
contrast administration and no increased perfusion on
cerebral blood flow (CBV) map on perfusion imaging

(Fig. 2).

Fig. 2. Axial T1w (A) and postcontrast TTw (B) images
showing the lesions are isointense to the gray matter
(A, black arrow) with no pathological enhancement
(B, black arrow). No elevated CBV was depicted on CBV
perfusion image (C)

MR spectroscopy showed no obvious abnormal
peaks (Fig. 3). With the typical radiological manifesta-
tions MNVT was considered and he was decided to be

followed up without surgery. The repeat MRI 6 months
later showed no interval changes.

Fig. 3. The MRI Spectroscopy image shows no abnormal
peaks in association with the lesion

Discussion

MVNT of cerebrum was first described with a case
series of 10 patients by Huse et al. as non-neurocyt-
ic, purely neuronal tumors most commonly located in
the temporal lobes (7 cases of 10) with presentation of
adult onset seizure.” In the study of Nunes et al. that ret-
rospectively evaluated 33 MVNT cases with compati-
ble imaging features, 4 of which proven by biopsy and
the remaining without interval change for at least 24
months follow up, the mean age of diagnosis was found
to be 39 years with slight female predominance 1.4/1.
In this study, 9 (27%) lesions were in the parietal lobe,
8 (24%) were in the frontal lobe, 6 (18%) were in the
temporal lobe and 2 (4%) lesions were located in the
occipital lobe with 8 (24%) involving more than one
lobes.® On radiological imaging, this entity is character-
ized with a cluster of supratentorial, intraaxial, multi-
ple rounded/ovoid nodules without mass effect located
principally in the subcortical/juxtacortical white matter
with usually normal overlying cortex.*® However, there
are also some reports showing that the overlying cortex
may also be involved.>® In our patient the lesions were
also located predominantly in this characteristic loca-
tion but also had extention to the deeper white matter
areas as opposed to the more confined lesions reported
in the literature, usually located within the deep cortical
ribbon and the superficial white matter. The frequent
presentation with late onset epilepsy can be explained
with the juxtacortical location, but incidental detection
is also common. Our patient was presented with non-
focal headache as reported in one case having also left
frontal MVNT in the case series of Nunes et al.® The sig-
nal characteristics include T2w hyperintensity but less
than that of CSF with no suppression on Flair images.
In our patient there was no surrounding white matter
hyperintensity on T2W/Flair images as commonly re-
ported in the literature but, confluent T2/FLAIR hyper-
intensity sparing the cortex may be present.* DWI shows
increased signal intensity with increased correspond-
ing ADC value in relation with T2-shine through effect
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rather than true restricted diffusion. In addition, there
is no blooming on SWT images. Following contrast ad-
ministration they show no enhancement as in our case,
but some faint focus of enhancement was demonstrat-
ed in a few cases.>® In the qualitative evaluation of the
CBV map, there was no increased perfusion compared
to the contrlateral normal parenchyma. On MRS evalu-
ation although the contrlateral normal parenchyma was
not sampled there was no obvious pathological peaks
in our patient. Furthermore, in some studies in the lit-
erature mildly increased choline/creatine ratio was also
demonstrated.*

Although MVNT of cerebrum is considered as
a unique cytoarchitectural pattern of gangliocytoma
(WHO grade 1), it is very different from gangliocyto-
mas on imaging which had both cystic and enhancing
solid components with cortical involvement indistin-
guihable from ganglioglioma."” The imaging differen-
tials may include dilated perivascular spaces which are
usually more elongated along vessel long axis and are
differentiated with attenuation on Flair images. Dysem-
bryoplastic neuroepethelial tumor (DNET) may also be
considered with its peripheral location frequently in the
frontotemporal lobes.However, DNET is generally cor-
tical rather than subcortical and is associated with gyral
expansion.In addition, there is usually some suppres-
sion on Flair images with frequent well defined bright
FLAIR rim.? Focal cortical dysplasia may also have T2w
hyperintensity deep to the cortex but is associated with
overlying cortical thickening.’

In the management of MVNT in asymptomatic pa-
tients follow up radiological imaging is sufficient with-
out need for biopsy. Surgical resection may be required
for seizure control and was reported in few cases with

no tumoral regrowth in the literature.>>'°

Conclusion

MVNT is a benign entity that may be detected in pa-
tients presenting with seizure or may be found inciden-
tally in patients with or without headache. Clinicians
should be aware of that this is a don’t touch lesion in as-
ymptomatic patients with no need for biopsy or surgery
when presented with the typical MRI manifestations.
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your article. Completed applicable checklists, structured
abstracts and flow diagrams should be uploaded with
your submission; these will be published alongside the
final version of your paper.

Please refer to existing guidelines for reporting
methodology; e.g.:

— AGREE guidelines for clinical practice guidelines

— ARRIVE guidelines for in vivo animal studies

— CARE guidelines for clinical case reports

— CONSORT guidelines for clinical trials

— PRISMA guidelines for systematic reviews and
meta-analyses

— SPIRIT for clinical trials

— STARD guidelines for studies of diagnostic accuracy

— STROBE guidelines for observational studies

Manuscript Preparation

Your paper should consist of the following parts. Title

page should be supplied as a separate file.

Research manuscripts should comprise:

— Title page: Title, Author list, Affiliations, Abstract,
Keywords.
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Conflicts of Interest, Data Availability, Ethics Approv-
al, References.
Research manuscript sections:

— Introduction

State the objectives of the work and provide an adequate
background, avoiding a detailed literature survey or a
summary of the results.

— Material and methods

Provide sufficient details to allow the work to be
reproduced by an independent researcher. Methods
that are already published should be summarized, and
indicated by a reference. If quoting directly from a
previously published method, use quotation marks and

also cite the source. Any modifications to existing methods
should also be described.

— Results

Results should be clear and concise. The section may be
divided into subsections, each with a concise subheading.
Tables and figures central to the study should be included
in the main paper. Do not use the term “significant” unless
p-values are provided. Show p-values to 2 or 3 decimal
places. The Results section should be written in past tense.

— Discussion

This should explore the significance of the results of the
work, not repeat them. Avoid extensive citations and
discussion of published literature.

— Conclusions
Summarize the work’s findings, state their importance,
and possibly recommend further research.

Review manuscripts should comprise:

— Title page: Title, Author list, Affiliations, Abstract,
Keywords

— Literature review sections

— Back matter: Supplementary Materials, Acknowledg-
ments, Funding Statement, Author Contributions,
Conflicts of Interest, Data Availability, References.

Structured reviews and meta-analyses should use the same

structure as research articles and ensure they conform to

the PRISMA guidelines.

Case reports should comprise:

— Title page: Title, Author list, Affiliations, Abstract,
Keywords

— Case reports should include a succinct introduction
about the general medical condition or relevant
symptoms that will be discussed in the case
report; the case presentation including all of the
relevant de-identified demographic and descriptive

information about the patient(s), and a description
of the symptoms, diagnosis, treatment, and outcome;
a discussion providing context and any necessary
explanation of specific treatment decisions; a
conclusion briefly outlining the take-home message
and the lessons learned.

— Back matter: Supplementary Materials, Acknowledg-
ments, Funding Statement, Author Contributions,
Conflicts of Interest, Data Availability, Ethics Approv-
al, References.

Please note that tables with captions and figures with

captions should be should be inserted immediately after

the first paragraph in which they are cited.

Language Style
Manuscripts must be submitted in English (American
or British usage is accepted, but not a mixture of these).

Title page

These sections should appear in all manuscript types:
Title: The title of your manuscript should be concise
and informative. It should identify if the study reports
(human or animal) trial data, or is a systematic review,
meta-analysis or replication study. When gene or protein
names are included, the abbreviated name rather than full
name should be used.

Author List and Affiliations: Authors’ full first and last
names must be provided. For each affiliation provide the
details in the following order: department, institution, city,
country. If available, the e-mail address of each author
should also be provided. At least one author should be
designated as corresponding author, and his or her email
address and other details should be included at the end
of the affiliation section.

Abstract: The abstract should be a total of about 250
words maximum. The abstract should be a single
paragraph and should follow the style of structured
abstracts: Introduction and aim: Place the question
addressed in a broad context and highlight the purpose
of the study; Material and methods: Describe briefly
the main methods or treatments applied. Include any
relevant preregistration numbers, and species and strains
of any animals used. Results: Summarize the article’s main
findings; and Conclusion: Indicate the main conclusions
or interpretations.

Keywords: Three to six pertinent keywords need to
be added after the abstract in alphabetical order. We
recommend that the keywords are specific to the article,
yet reasonably common within the subject discipline.

Back Matter

Supplementary Materials: Describe any supplementary
material published online alongside the manuscript
(figure, tables, video, spreadsheets, etc.). Please indicate
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the name and title of each element as follows Figure S1:
title, Table S1: title, etc.

Acknowledgments: Thank all of the people who helped
with the research but did not qualify for authorship.
Acknowledge anyone who provided intellectual assistance,
technical help, or special equipment or materials.
Funding Statement: All sources of funding of the study
should be disclosed.

Author Contributions: Authors must supply an Author
Contribution Statement as described in the Author
contributions statements section.

Conflicts of Interest: Authors must supply a competing
interests statement. For more details please see Competing
interests policy.

Data Availability: Authors must include a Data Availability
Statement in all submitted manuscripts; see Availability of
materials and data section for more information.
Ethics approval: Example of an ethical statement: “All
subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted
in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of XXX
(Project identification code)”

References: References must be numbered in order of
appearance in the text (including table captions and
figure legends) and listed individually at the end of the
manuscript. We recommend preparing the references
with a bibliography software package, such as EndNote,
Reference Manager or Zotero to avoid typing mistakes
and duplicated references.

References style
References should be prepared according to the American
Medical Association style.
Examples: The degree of respiratory muscles fatigue
depends on the applied exercise protocol and the
research group’s fitness level."? The greatest load with
which a patient continues breathing for at least one
minute is a measure of inspiratory muscles strength.’
Diabetes mellitus is associated with a high risk of foot
ulcers.*¢

A citation should contain a maximum of 6 authors.
When an article has more than six authors, only the first three
names should be given by adding ‘et al’ If the source does
not have any authors, the citation should begin with the title.

Journal titles should be given in brief according to
the Index Medicus standard.

The following are examples of individual citations
made according to the required rules of editing and
punctuation:

— Article from a journal, number of authors from 1 to 6
Author AA, Author BB, Author CC. Title of article.
Abbreviated Journal Title. Year;Volume(Issue):Page-Page.

Lee JC, Seo HG, Lee WH, Kim HC, Han TR, Oh BM.
Computer-assisted detection of swallowing difficulty.
Comput Methods Programs Biomed. 2016;134(2):72-78.
Wolf ZR. Nursing practice breakdowns: Good and bad
nursing. Medsurg Nursing. 2012;21(1):16-36.

— Article from a journal, number of authors more
than 6

Author AA, Author BB, Author CC, et al. Title of article.
Abbreviated Journal Title. Year;Volume (Issue):Page-Page.
Gonzalez ME, Martin EE, Anwar T, et al. Mesenchymal
stem cell-induced DDR2 mediates stromal-breast
cancer interactions and metastasis growth. Cell Rep.
2017;18:1215-1228.

Jordan J, Toplak H, Grassi G, et al. Joint statement of the
European Association for the Study of Obesity and the
European Society of Hypertension: obesity and heart
failure. ] Hypertens. 2016;34:1678-1688.

— Article from an online journal: DOI

Author AA, Author BB. Title of article. Abbreviated
Journal Title. Year;Volume(Issue):Page-Page. doi:xx.xxxx/
XXXXXXXXXXXXXX

Coppinger T, Jeanes YM, Hardwick ], Reeves S. Body
mass, frequency of eating and breakfast consumption
in 9-13-year-olds. ] Hum Nutr Diet. 2012;25:43-49. doi:
10.1111/j.1365-277X.2011.01184.x.

Cogulu O, Schoumans J, Toruner G, Demkow U, Karaca
E, Durmaz AA. Laboratory Genetic Testing in Clinical
Practice 2016. Biomed Res Int. 2017;2017:5798714. doi:
10.1155/2017/5798714.

— Websites

Webpage title. Name of Website. URL. Published or
Updated date. Accessed date.

Cholera in Haiti. Centers for Disease Control and
Prevention Web site. http://www.cdc.gov/haiticholera/.
Published October 22, 2010. Updated January 9, 2012.
Accessed February 1, 2012.

Address double burden of malnutrition: WHO. World Health
Organization site. http://www.searo.who.int/mediacentre/
releases/2016/1636/en/. Accessed February 2, 2017.

— Book

Author AA, Author BB. Title of Work. Location: Publisher;
Year:Page-Page
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