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ORIGINAL PAPER

Mariusz Wéjcik @ "ABDPEG Joanna Daszyk-Wojcik @ 2B Kamil Skoczynski @ '®

Evaluation of platelet indexes as potential biomarkers of suspected
pulmonary embolism

! Clinical Department of Cardiology, Regional Clinical Hospital No. 2 in Rzeszéw, Rzeszéw, Poland
2 ALAB Labaratory, Specialized Hospital Pro-Familia in Rzeszéw, Rzeszéw, Poland

ABSTRACT

Introduction. Pulmonary embolism is one of the most frequent cardiovascular diseases, potentially leading to death. There is
no validated biomarker with both high specificity and sensitivity.

Aim. The aim of the study was to define the diagnostic importance of platelet count (PLT), mean platelet volume (MPV) and
platelet distribution width (PDW) on acute pulmonary embolism.

Material and methods. We retrospectively reviewed the medical records of 145 patients with clinically suspected acute pulmo-
nary embolism admitted to the Emergency Department. Demographic data and laboratory tests were collected on admission.
All patients underwent computed tomography (CT) angiography.

Results. The total data of 145 patients were analyzed, including 65 patients (67417 years; 30 men/35 women) with acute pul-
monary embolism confirmed with CT and 80 patients (67+19 years; 26 men/54 women) with negative CT. The MPV did not
differ between the patients with acute PE and the control group (8.0 fL [IQR: 7.6-8.4] vs. 7.9 fL [IQR: 7.4-8.7], p=0.45). There were
no significant differences in PLT (220x10*/mm?® [IQR: 172-274] vs. 243x10*/mm?® [IQR: 186-286], p=0.12) and PDW (59.0 + 6.9%
vs.57.2 +7.3%, p=0.12).

Conclusions. Our results suggest that platelet indexes (at a single time point) are not a reliable diagnostic biomarkers of acute
pulmonary embolism.

Keywords. mean platelet volume, platelet count, platelet distribution width, pulmonary embolism

Introduction thal, lead to chronic disease or it can remain asymp-
Pulmonary embolism (PE) and deep vein thrombosis tomatic.?

(DVT) are 2 manifestations of venous thromboembo- Computed tomography (CT) angiography is the
lism (VTE).! It is one of the most frequent cardio- method of choice for diagnosing the patients with sus-
vascular diseases with an overall annual incidence of pected PE but it is costly and not available 24 hours a
110-130 per 100,000 inhabitants.' In most cases, PE day, 7 days a week in every hospital. Moreover, it is as-
appears as a consequence of DVT and it may be le- sociated with contrast-induced nephropathy and with
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radiation exposure.>* D-dimer testing is sensitive but
not specific for PE.* There is a need to disclose a reli-
able, noninvasive test that can precisely identify patients
with PE.

Mean platelet volume (MPV) is the most commonly
used measure of platelet size and a potential marker of
platelet reactivity and inflammation.® Platelet distribu-
tion width (PDW) represents variation in platelet size.”

Platelets play a significant role in the pathogenesis
of atherosclerosis. MPV is increased in acute coronary
syndrome, mortality following myocardial infarct, rest-
enosis following coronary angioplasty and stroke.®° It
was found that elevated MPV and PDW are also associ-
ated with an early phase of cerebral venous sinus throm-
bosis." Recent pathophysiological studies indicated that
etiopathogenetic mechanism in both venous and arteri-
al thrombogenesis are similar.'? Patients with cardiovas-
cular risk factors for atherosclerosis have increased risk
and severity of unprovoked VTE."

To the present date, no validated biomarkers with
both high specificity and sensitivity have been estab-
lished for acute pulmonary embolism (APE).

Aim

The aim of this study was to investigate the value of
platelet indexes including platelet count (PLT), MPV
and PDW as diagnostic biomarkers for APE in Emer-
gency Department (ED).

Material and methods

Study population

We retrospectively reviewed the medical records of all
adult patients with suspected APE who were admitted
to the Emergency Department of the Clinical Hospital
No. 2 in Rzeszéw in the period from July 2014 to Febru-
ary 2017. The initial evaluation of the patients included
clinical history, symptoms, physical examination, he-
mogram parameters, 12-lead electrocardiography and
D-dimer plasma testing. The Wells score was used for
the prediction of APE." In patients with suspected high-
risk APE (in the presence of shock or persistent hypo-
tension) CT angiography was immediately performed.
The rest of patients were tested for D-dimer plasma level
and in the case of increased level - CT angiography was
accomplished (in accordance with 2014 ESC Guidelines
on the diagnosis and management of APE)."

Smoking was defined as the inhalation of the smoke
of burning tobacco in the amount of at least one cig-
arette per day. Diabetes mellitus was defined in accor-
dance with the European Association for the Study of
Diabetes criteria.'® Arterial hypertension was defined as
a systolic/diastolic blood pressure > 140/90 mmHg or
current use of antihypertensive treatment.'® Family his-
tory of VTE was defined as a confirmed VTE episode in
a first-degree relative. Obesity was defined as body mass

index (BMI) = 30 kg/m* Immobilization was defined as
a bed rest > 2 days. Hospitalization was defined as a hos-
pital stay during the last 30 days.

Blood samples

Blood samples were collected from an antecubital vein
on admission. EDTA- tubes were used for automatic
blood count. The blood count was measured by a Sie-
mens high volume hematology analyzer ADVIA 2120i
(Siemens Healthcare Diagnostics, Eschborn, Germany).
Sodium citrate tube and ACL TOP 500 analyzer (Beck-
man Coulter, Brea, CA, USA) were used for quantitative
D-dimer measurement. Age adjusted cut-off values (age
x 10 ng/ml) for patients over 50 years of age and 500 ng/
ml for other patients were set. As a hospital policy, plate-
let indexes were measured within 1 hour after sampling.

Computed tomography

Multi-detector CT angiography was performed with the
use of GE Revolution 256-slice scanner (General Elec-
tric Company, Boston, MA, USA) and GE Discover
CT750 (General Electric Company, Boston, MA, USA).

Statistical analysis

Data were analyzed using SPSS software ver. 19.0 for
Windows (SPSS Inc., Chicago, IL, USA). In order
to identify the normal distribution, the Kolomogor-
ov-Smirnov and Shapiro-Wilk tests were applied. Cate-
gorical variables were analyzed using the chi-square test
or the Fisher’s exact test (as appropriate). Student’s t-test
was used for variables with normal distribution and the
values were presented as mean + standard deviation
(SD). Continuous variables without normal distribution
were analyzed using the Mann-Whitney U test and the
obtained values were presented as median (50") values
and interquartile ranges (25" and 75%). The Pearson cor-
relation test (Pearson’s r) were calculated for correlation
of parametric variables and the Spearman’s rank correla-
tion test was used for nonparametric variables. The level
of significance for the two-tailed p-value was set below
0.05 and confidence intervals (CI) were 95%.

Results
The baseline characteristics and laboratory measure-
ments of patients are compared in Table 1. There were
no intergroup differences in demographic or clinical
variables. 145 patients were included in this study, with
an average age 67 * 18 years, 61% women. The average
age of patients was similar in both of the groups (67 +
17 vs. 67 + 19; p=0.613). CT angiography was positive in
45% of cases (32.5% women vs. 54% men). APE was di-
agnosed with similar frequency in the female (54%) and
the male sex (46%).

There were no significant differences in PLT (220
x103/mm?® [172-274] vs. 243 x 10°*/mm? [186-286],
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Table 1. Characteristics of the studied groups

Positive CT angiography

Negative CT angiography (n=80)

p-values

(n=65)
Age,y 6717 6719 0.613
Male gender, n (%) 30 (46%) 26 (32.5%) 0.093
Body mass index, kg/m? 26.98 +3.25 2746 £3.75 0.415
Risk factors and comorbidities, n (%)
Smoking 18 (28%) 17 (21%) 0.367
Oral contraceptives or HRT 0 0 1
Arterial hypertension 22 (34%) 31 (39%) 0.542
Family history of VTE 7 (11%) 4 (5%) 0.192
Diabetes mellitus 11 (17%) 13 (16%) 0914
Obesity 15 (23%) 16 (20%) 0.653
Known malignancy 8 (12%) 4 (5%) 0.112
Immobilization 3(5%) 1(1%) 0.219
Hospitalization 6 (9%) 3 (4%) 0.174
Pregnancy or postpartum period 2 (3%) 0 (0%) 0.199
Laboratory parameters
PLT [10*/mm?] 220 (172-274) 243 (186-286) 0.122
MPV [fL] 8.0 (7.6-8.4) 7.9(7.4-8.7) 0.447
PDW [%] mean + SD 59.0+6.9 572473 0.119
Hemoglobin [g/dL] 13.7 (12.1-14.4) 12.9(11.7-14.0) 0.057
WBC [10*/mm?] 9.39(7.8-13) 9.07 (7.19-12.73) 0.472
Creatinine [mg/dL] 0.90 (0.74-1.09) 0.89(0.75-1.26) 0.905
NT-pro-BNP [pg/mL] 1434 (242-5460) no data -
ILOFF:;;:;_T [pg/mL], cut-off value 27 (9-61) no data i
D-dimer [ng/mL] 7483 (3202-16878) 4874 (1935-16727) 0.17

Data are shown as median (interquartile range), mean + standard deviation or number (percentage).
Abbreviations: HRT, hormone replacement therapy; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; MPV, mean
platelet volume; PDW, platelet distribution width; PLT, platelet count; WBC, white blood cells;
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Fig. 1. Comparison of selected parameters in the studied groups. Horizontal lines represent medians (PLT and MPV) or means
(only PDW) of each groups

p=0.122)(Fig.1A) and MPV (8.0 fL [7.6-8.4] vs. 7.9 fL
7.4-8.7], p=0.447)(Fig.1B).

The PDW did not differ between the patients with
APE and the control group (59.0% + 6.9 vs. 57.2 £ 7.3%,
p=0.119)(Fig.1C).

No differences between the groups were found
in other hematological parameters. Hemoglobin lev-
els were similar (13.7 g/dL [12.1-14.4] vs. 12.9 g/dL
[11.7-14.0], p=0.057). White blood cell (WBC) lev-
els did not differ between the groups (9.39 x 10°/mm?

[7.8-13] vs. 9.07 x 10*/mm’ [7.19-12.73], p= 0.472)
(Table 1).

Patients with positive CT angiography had an ele-
vated level of N-terminal pro-brain natriuretic peptide
(NT-pro-BNP) (1434 pg/mL [242-5460]) and T-tropo-
nin (27 pg/mL [9-61]; High-sensitive assay; cut-off val-
ue 14 pg/mL).

D-dimer level was increased in all individuals but there
was no difference between the groups (7483ng/mL (3202-
16878) vs. 4874ng/mL (1935-16727), p=0.17)(Table 1).
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There was a positive correlation between MPV and
PDW (r=0.638, p<0.001) likewise the creatinine lev-
el and age (r=0.345, p<0.05). Negative correlation was
found between PLT and MPV (r= -0.334, p<0.001) and
between PLT and PDW (r=-0.308, p<0.001).

In the group of patients with confirmed APE 7 (11%)
patients met the criteria for high-risk PE and 4 patients
died (6%). We found no differences with regard to the
platelet indexes between high-risk PE patients and oth-
ers, as well as between survivors and non-survivors.

During the collection of blood samples, none of the
patients had international normalized ratio (INR) > 1.2
(data not shown) and none of them declared ongoing
anticoagulant treatment.

Discussion

In this study we investigated the platelet indexes among
patients with suspected APE in ED. However, we did
not observe any differences between the APE group and
others regarding to these parameters.

Recent publications showed the discrepancies in re-
sults concerning the role of MPV in APE and DVT at
diagnosis. Varol et al. showed that MPV was increased
among patients with APE whereas Lippi et al. support-
ed an inverse association between MPV and the risk of
VTE."”* There were differences in the rules of inclusion
criteria and control group between those studies. Ac-
cording to the Quality Assessment of Diagnostic Accu-
racy Studies (QUADAS) in our research the spectrum
of patients included those, who will eventually receive
a new diagnostic test in practice (patients with suspect-
ed APE in ED)." Moreover, we measured platelet index-
es within 1 hour after sampling. It is important because
delaying this test may influence the MPV when EDTA is
used. There is a study which revealed that MPV can be
accurately measured by both methods of anticoagula-
tion (EDTA and sodium citrate) if analysis is performed
within 1 hour after sampling.?® Failure to comply with
these rules may be the cause of existing differences.

Recently, platelets to lymphocyte ratio (PLR) was
found to be a predictor of VTE and proved to be as-
sociated with the severity and long-term outcomes in
patients with APE.** Further studies on larger popula-
tions are necessary.

In our study we found a negative correlation be-
tween PLT and MPV (r= -0.334, p<0.001). Platelets
are involved in thrombus formation. Large platelets are
immature, more adhesive and likely to aggregate than
small ones.?* Their number increase in case of platelets
consumption and good bone marrow compensatory
function. MPV is a parameter of volume and regener-
ation of platelets.

Among patients with positive CT we found elevat-
ed troponin and NT-pro-BNP. It can be associated with
the right ventricular dysfunction among patients with

an APE and it was found to be a significant predictor of
mortality in the above-mentioned individuals.”

Positive predictive value of elevated D-dimer is low
and it is not useful for confirmation of APE. In this study
we confirmed the low specificity of D-dimer in APE di-
agnosing. There was no significant difference between
the group with positive and negative CT angiography
(p=0.17). Pulmonary embolism is pathophysiological
pulmonary circulation disorder syndrome caused by par-
tial or complete occlusion of the pulmonary artery and it
is commonly a consequence of deep vein thrombosis. The
main cause of death in severe stage is acute right ventricle
failure due to pressure overload. Thrombosis begins with
the aggregation of erythrocytes, fibrin and platelets. D-di-
mer is a sensitive marker of acute thrombosis because of
simultaneous activation of coagulation and fibrynolysis.™
The specificity of D-dimer is poor because fibrin is pro-
duced in a variety of conditions such as cancer, trauma,
inflammation, pregnancy and infection. **

Our study has several limitations. Not all of the co-
morbidities and environmental factors that might have
affected platelet count and functions were taken into ac-
count. MPV is believed to be a marker of platelet activity
but it is not specific. It was a single-center, retrospective
study and included a relatively small sample size.

Conclusion

To conclude our results, it can be noted that platelet in-
dexes (at a single time point) are not a reliable indicator
for the diagnosis of APE in the Emergency Department.
Further studies in this matter are necessary.
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ABSTRACT

Introduction. A technique used in physiotherapy, but still underinvestigated, is the use of the Russian current as an aid in the
improvement of balance.

Aim. To verify the influence of the Russian current applied to the rectus femoris on balance in healthy and sedentary individ-
uals.

Material and methods. A cross-sectional clinical trial was performed at the Universidade Estadual do Oeste do Parana - Unio-
este, in the city of Cascavel — PR. The sample consisted of 20 healthy female subjects aged between 18 and 25 years, equally
divided into two groups where group 1 was placebo and group 2 treatment. Initially, the proprioceptive evaluation was per-
formed by means of a functional test (the Star Excursion Balance Test (SEBT)) and stabilometry using a baropodometer. Russian
current was then applied to the femoral rectum of both limbs simultaneously for 2 weeks, 5 days a week.

Results. No significant differences were found analyzing the variables, but the elevated effect size points to clinical relevance
of Russian Current in functional assessment.

Conclusion. The use of the Russian current in the rectus femoris did not present significant alteration on balance.

Keywords. knee, physical therapy, proprioception, range of motion

Introduction joint movement (kinesthesia) and also of joint position
A property that, when diminished, is related to an in- (joint position sense), corpuscles of Paccini and Meiss-
creased risk of injury is proprioception, defined as a ner, muscle spindles, Ruffini terminations, and the Gol-
somatic sensation that encompasses the knowledge of gi tendon organ are musculoskeletal afferent structures
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responsible for sensation, and physical exercise through
muscle contraction can alter their responses.'~

Within the physiotherapeutic field, a form of elec-
trical stimulation gained popularity from reports by the
Russian physiologist Yakov Kots, who argued that the
medium frequency current at 2500 Hz, modulated at
low frequency, increased the recruitment of motor units
during muscle contraction, gaining over 40% of what
would happen in a voluntary contraction. Because of its
relatively high frequency, one of the main advantages is
its better tolerability, however, the literature is not clear
if it actually produces greater gains than low frequency
stimulation.**

When the muscle contraction is used therapeutical-
ly, it is sometimes interesting the phenomenon of recip-
rocal inhibition, which occurs when the agonist muscle
group of a certain movement is activated, the antagonist
group undergoes a relaxation, this may aid in the gain
of muscular extensibility, altering the agonist-antagonist
contraction ratio.® Furthermore, the use of electrostim-
ulation has shown to be promising in peripheral nerve
lesions and also as a factor to improve proprioception
in central nervous lesions.”*°

Considering that the Russian current is not yet
a fully exploited form of electrostimulation, especially
with respect to alterations in balance, the objective of
this article was to verify if its use on the rectus femoris
muscle could generate changes in the balance of healthy
and sedentary youngsters.

Material and methods
This study is characterized as a random clinical trial,
transverse, with a quantitative character. The study was
carried out at the Centro de Reabilitagdo Fisica (CRF) of
the Universidade Estadual do Oeste do Parana — Unio-
este. The sample, selected for convenience, by direct in-
vitation, consisted of 20 healthy young women, 18 to
25 years were recruited to evaluate. These were divid-
ed equally, by means of an opaque envelope, into two
groups: a placebo group (PG) and treatment group (TG).
The inclusion criteria were: not to practice physi-
cal activity regularly; have no contraindication to elec-
trostimulation and agree to voluntarily take part in the
research. The exclusion criteria were as follows: alco-
holism and/or smoking; having fractured lower limbs;
low back pain; practice stretching; neurological deficits;
have any contraindication to the use of electric currents
and lack any collection. The application of the Russian
Current occurred for two weeks, 5 days each week. The
participants were assessed on the first day before the ap-
plication of the current (EV1), after one week of inter-
vention (EV2) and at the end of the second week (EV3).
After two weeks of follow-up, the participants were
re-evaluated (EV4). They were also made aware of the
research procedures and signed a Free and Informed

Consent Term, previously approved by the Research
Ethics Committee of Unioeste under number 2,162,807.

The proprioceptive evaluation was performed
through a functional test, the Star Excursion Balance
Test (SEBT) and stabilometry using a baropodometer.
The SEBT is a test that evaluates the dynamic postur-
al equilibrium, requiring that the unipodal balance be
maintained while performing pre-determined range
movements with the contralateral limb."" As a guide,
adhesive tapes were glued to the ground in 8 directions,
each one 120 cm long. The lines were arranged in a star
at 45° and were named according to their direction from
the inferior support member (intersection of lines): an-
terolateral (AL); anterior (ANT); anteromedial (AM);
medial (MD); postero-medial (PM); posterior (PO);
posterolateral (PL) and lateral (LAT).

To perform the test initially the volunteers remained
at the point of intersection of the eight lines in bipodal
support. They were then instructed to touch lightly with
the toe of the contralateral limb (free limb) as far as pos-
sible on each of the eight lines (directions), and return
to bipodal support, this distance being recorded. It was
discarded if the volunteer removed the lower support
limb from the center of the figure, or was unable to keep
balance during the test. Before the individual performed
the test, the examiner performed the explanation and
demonstration of the procedure, and it was done bilater-
ally in three attempts, noting the highest value reached.
All participants began with their left foot in the central
position of the intersection of the lines.

Static balance was evaluated by the baropodometer
through stabilometry that documents the analyzes with
images of plantar pressure points in a modular platform
constituted by electronic sensors that recognize the in-
formation of the support, conserving the natural mo-
bility, and analyzed through the Footwork program®.
Quantifying the anteroposterior and lateral oscillations
of the body, per cm? and load in %. It was performed
with the subject in the orthostatic posture on the plat-
form, in bipodal support, the upper limbs in the prolon-
gation of the body.'>"

In the interventions, they were submitted to the
Russian current for 10 minutes, using the following pa-
rameters: a carrier frequency of 2500 Hz, modulated
frequency of 50 Hz. Sine wave with synchronized stim-
ulation, rise and fall time equal to 1 second, contrac-
tion time (On) of 6 seconds with a timeout of 7 seconds.
The intensity of the stimulus was adapted according to
the maximum tolerable level, always with visible mus-
cular contraction. The current was applied bilateral-
ly with the participant in dorsal decubitus (DD), with
knee extension and without associated voluntary con-
traction. An electrode was placed in the femoral rectus
muscle at 5 cm above the upper edge of the patella and
the other electrode was placed on the motor point of the
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same muscle of each patient (individually tested prior to
the start of electrostimulation, as the point obtained the
more vigorous contraction with the same intensity). Po-
sitioning was similar for the placebo group, but no flow
was achieved.

The data analysis was quantitative and the data were
analyzed through descriptive and inferential statistics.
Unidirectional ANOVA was utilized and the normali-
ty of the data was observed by the Shapiro-Wilk test.
Quantitative variables were characterized by mean and
standard deviation. In all cases, the accepted level was
5% (p <0.05). The effect size (ES) analysis of Cohen was
also carried out in accordance with the following clas-
sification: <0.2 trivial; 0.2-0.5 small; 0.5-0.8 moderate;
>0.8 large. ES assessments were always based on EV1
within their own group.

Results

Twenty volunteers met the study inclusion criteria, two of
them being excluded because they did not attend the data
collection, and 9 volunteers remained in each group. The
mean age of participants was 21.33 + 1.7 years.

For the SEBT test, there were no significant intra-
group differences in row or mean direction as well as in
the same direction between groups (p> 0.05). However,
when checking Cohen’s analysis, it was possible to ob-
serve that most of the effect sizes were trivial or small
for PC, whereas in the treated group there were a pre-
dominance of moderate and large effect sizes (table 1).

Data for the analysis of mean pressure (kPa), maxi-
mum pressure (kPa), surface (cm), previous distribution
(%), posterior distribution (%) and pressure center posi-
tion (COP in centimeters) acquired by the baropodom-
etry data analysis in each evaluation, also did not present
differences (p> 0.05) intra or between groups; and overall
effect sizes were trivial and small for both groups (table 2).

Discussion
In the present study, we attempted to test the isolated
action of the Russian current on part of the quadriceps
(femoral rectus), in a possible production of propriocep-
tion changes, both by functional evaluation and by an
instrumentalized evaluation method (baropodometry).
It was not possible to observe any significant change
over time, or in comparison with a control group, but
with larger effect sizes for the evaluation of the SEBT for
the treated group, indicating clinical effects for the cur-
rent. The Russian current despite reports of higher gains
in muscle strength, has not shown to be advantageous
over other forms of electrostimulation for the produc-
tion of torque, force gain or even pleasantness.>*?
Evaluation of proprioception, which is part of the
body balance, is a complex and difficult activity, since
many factors can influence changes in postural stability
under normal and pathological conditions.?? One of the

ways to evaluate is the SEBT instrument, because it is a
balance test considered as current tool, easy to handle,
non-instrumental and cost-effective.!! Peres et al. eval-
uated 11 healthy volleyball athletes through the SEBT,
after a four-week proprioceptive training program, ob-
serving improvement in six directions on the right ankle
and five on the left ankle.”® Braga et al. proposed a pro-
prioceptive training, with Nintendo Wii or propriocep-
tive disc, for young and healthy women, evaluated by
the SEBT, both of which showed an improvement in the
performance of the SEBT.*

In relation to the use of the baropodometer in seden-
tary young adults, it is an instrumentalized way of evalu-
ating pressure distribution of the foot and pressure center,
in which several variables can be measured, such as stat-
ic balance and proprioception.” Da Silva et al. used this
instrument to evaluate the effect of the low-power infra-
red laser, applied to the muscles of the posterior leg com-
partment, not observing proprioceptive changes for the
sample. ? Alfieri, Teodori and Guirro observed that a pro-
gram of regular physiotherapeutic intervention in the el-
derly was able to increase the area of plantar distribution
and reduction of peak pressure in bipodal support.”

According to Hara the improvement of motor func-
tion in patients after stroke, is most effective when the
electrostimulation is initiated by electromyographic sig-
nal than when used spontaneously.”® Since functional
electrical stimulation (FES) induces greater muscle con-
traction when compared to voluntary contraction. Still,
proprioceptive feedback may play a significant role in
this FES assisted therapy. Bustamante et al. stimulated
FES (50 Hz, 300 ps) flexor and wrist extensor muscles,
a patient with 11-month sequelae of hemorrhagic stroke
for 1 hour daily for 10 days, associating FES assisted
workout movements.'® They evaluated proprioception
through the joint position sense test, and report that
there was improvement in both angles and time to car-
ry out the task for the electrostimulated wrist. It should
be emphasized that when comparing with the present
study, there was no activity other than electrostimula-
tion for the quadriceps, and yet, the volunteers were all
healthy, and a possible positive effect of electrostimula-
tion on proprioception may depend on a deficit since
according to Christensen and Grey the electrical stim-
ulation is used as a therapeutic modality in motor reha-
bilitation to effect movements that could be difficult to
perform by voluntary activation only.”*

Thus, it is observed as a limitation that the popula-
tion of the present study is composed only by healthy
youngsters, which also limits the action of the electro-
stimulation; another limitation of the present study was
the small sample size used, which may have interfered
with the presented results of the statistical analysis; and
it is therefore suggested that new studies should address
with larger sample sizes and populations with some type
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Table 1. Mean values and standard deviation for the SEBT evaluation of the Placebo group (PG) and Treatment (TG), distance

measured in centimeters, according to the different moments of evaluation (EV), below the mean values the effect size values

are presented, based on the EV1 of the same group

1G
EV1 EV2 EV3 EV4 EV1 EV2 EV3 EV4

ANT s76e5.1  OT2SA TSI 05 seare3  SSU4 590038 6095
AL s85554 58.5015.3 59(.)4'11i56.7 56_3;;;1.3 57554 5967.:;'9 61;:53*,.7 61(.)1. ;_r:.z
LAT 58047 o O8G0 03B sygess  BO04 O1o7A6  60SEES
oL 570560 57.00J_rs.9 596?;;86.0 57(.)2?;;63.9 s8514s 59(.)?05.6 61(.;-1;;15.4 5969.;:34.8
POS 550457  °° '001'6'0 > 8(')3.;55 A 4{'05. 33'3 520444  ° 76?;595 9 58;?;; > 576%;: 8
o 630503 53(.)2.;;29.3 57(.)8.;;06.5 536?;117.1 483164 54f;_r65.9 55%?;155'7 sei('):r;.z
ED 75560 47.9017.0 516?:55.6 496(?;3.4 176568 506?;;:.7 52(.)2;67.1 5 :) §4;9
AM 553456 °° '30“*6'0 > 66§§16'6 5‘{'02;"7 547470  ° 6(')2; 45 2 576?;:; > 57(';:; ?
Mean  ssasao UM MUY TR mams U ST Teer

ANT - anterior; AL — anterolateral; LAT - lateral; PL - posterolateral; PO — posterior; PM — posteromedial; MD — medial; AM -

anteromedial

Table 2. Mean and standard deviation values for the baroscopic evaluation of the Placebo (PG) and Treatment (TG) groups,

according to the different moments of assessment (EV), below the mean values the effect size values are presented, based on

the EV1 of the same group

PG TG
EV1 EV2 EV3 EV4 EV1 EV2 EV3 EV4

AP 314472 31_.003;1.7 3({3?21 31 .40iS.4 327463 32:;270 31_.08?2.8 33(.)6-1i46.6
PMéx  105.9+40.3 107(.)2.30i625.6 118(.)1;137.8 117(.)1.3i130.6 107.84+24.1 115(.)6;;8.5 10‘{.()4?51 3 11366.5222.4
Sup 67.2+13.4 72.32193.7 72.82;5.5 78.31;4.7 50.049.0 62:4153.6 62.(1);:11 1.5 70.19:_:1‘1 7
AD 20.5+9.3 22(.)5'2is6.2 21(.)2.0i:.6 20(.)8.0ij.8 20.9+6.6 19_(;1;(8)2 20.90i6.4 2162.354.4

PD 29.547.9 27_5?25 28._2%—1110.1 29_5312 291476 30.06.115.4 29_(?3?3 28_(1)33:2
copP 85424 8(9)1;2)5 8(9)1;189 8(7)1;198 8.64+1.2 8(9)4_;199 8.;?_;)17.7 8._4(1;_;17.1

AP — average pressure (kPa); MaxP — Maximum pressure (kPa); Sup - Superficies (cm?); AD - anterior distribution (%); PD
- posterior distribution (%); COP - center of pression (cm)

of motor deficiency and the repercussion of the Russian
current on samples of these. The results showed that the

use of the Russian current in the rectus femoris mus-

cle did not show significant changes in knee propriocep-

tion, but clinically presented functional results superior

to placebo.
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ABSTRACT

Introduction. According to statistics, breast cancer is the second leading cause of death in Poland. Progress in treatment and
diagnosis gives an opportunity of a quick diagnosis, but women are reluctant to undergo prophylaxis screening.

Aim. To identify women's attitudes about breast cancer prophylaxis.

Material and methods. The diagnostic survey was conducted in a group of 200 women. The research tool was the question-
naire developed by the authors.

Results. Knowledge about breast cancer and prophylaxis was on an average level. Nearly half of the women surveyed (45.5%)
declared that they do not ask for a breast examination while visiting a gynecologist. Only 26.8% of the surveyed women were
systematically subjected to preventive examinations for breast cancer, while 18.7% of them performed breast self-examination.
Every fifth respondent used invitation for a free mammogram.

Conclusion. The women’s knowledge about breast cancer is average, but it does not translate into their attitudes towards the
prevention of this cancer. Most women niether perform breast self-examination nor benefit from free prophylaxis programs.
Younger respondents most often use the Internet. Education and place of residence do not affect the participation of women
in preventive examinations for breast cancer.
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Introduction

Nowadays, breast cancer is a major health issue. Similar
to lung cancer, it accounted for 12.3% of newly diagnosed
cancers in the world in 2018.' What is also disturbing is
the steady increase in the incidence in Poland. The in-
cidence rate in 1999 was 38.78/100,000, while in 2009
this level increased to 50.37/100 thousand, and in 2018 -

59.1/100,000. Mortality in this period was at the level of
14/100,000. According to the National Cancer Registry in
2016, breast cancer was the second leading cause of death
among women in Poland after lung cancer.?

The incidence exceeds the number of deaths three
times, which proves the progress that has taken place
over the years. The 5-year survival rate also reached
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a high level of 75% thanks to the introduction of the
breast cancer screening program, effective diagnosis
and treatment.*?

The prevalence of breast cancer is not the same in
all countries, the difference between the lowest and the
highest prevalence varies 25 times. About 55% of breast
cancer cases are reported in industrialized countries,
with a similar percentage of deaths reported in devel-
oping countries.

The highest prevalence of breast cancer (90-100/
100,000) is recorded in North America, Australia,
northern and western Europe. The average prevalence
is observed in Central and Eastern Europe. The lowest
incidence rate (27/100 000) is recorded in Africa and
Southeast Asia. In 2012, 1.67 million of new breast can-
cer cases were diagnosed, which is 25.2% of all cancers
in women, and more than 2 million new cases were di-
agnosed in 2018. 626,679 deaths due to breast cancer
were confirmed.

Mortality, like morbidity, varies. Southern part of
South America, Africa and Asia are the areas where the
highest mortality due to breast cancer was recorded,
while Central America and some regions of Asia have
the lowest mortality rate.®

The risk factors increasing the incidence are: 50-70
years of age, early menarche age, menopause at late age,
birth of the first child after 30 years, long-term hormone
replacement therapy, family history of cancer and muta-
tions in the BRCA1, BRRCA2 genes.

Primary prevention in breast cancer is based on
the implementation of a healthy lifestyle, first of all -
a healthy diet and physical activity, and maintaining
a normal body weight.”® Breastfeeding is an important
factor in reducing the risk of getting sick. It has been
proven that long-term> 6-month breastfeeding may re-
duce the risk of disease by 10-30%.° Other preventive
measures, resulting from the fact that 3-8% of breast
cancers are genetically determined, are chemopreven-
tion and prophylactic mastectomy and / or ovariectomy.
These are treatments dedicated to people with muta-
tions in the BRCA1 and / or BRCA2 genes, in whom
the risk of breast cancer amounts to 55-85% and 37-
85%, respectively. The risk of developing ovarian cancer
in these people is 15-60% and 15-27%, respectively.'**?

Secondary prevention, i.e. all actions aimed at early
detection of an already existing disease, includes: mam-
mography in healthy women and ultrasonography as
a complementary examination of breast self-examination.

The screening system for breast cancer in Poland
includes a population of women aged 50-69 years, in
whom mammography can be performed every 2 years.
However, in women from the risk group (breast can-
cer among the closest family members, mutation within
BRCA1 or BRCA2 genes), a mammography re-screen-
ing should be performed after 12 months."

Aim
The aim of the paper was to identify women’s attitudes
about breast cancer prophylaxis.

Material and methods

The study used the method of a diagnostic survey, a sur-
vey technique. The research tools were a questionnaire
developed by the authors, which contained twenty-sev-
en questions. Fifteen of them checked the women’s
knowledge about breast cancer prevention. One point
was awarded for each correctly answered answer. In or-
der to assess the level of knowledge, the following scores
were adopted: 7 points — low level of knowledge, 8-12
points — moderate, 13-15 points — high. The remain-
ing questions concerned attitudes towards breast cancer
prevention. Statistical analysis was carried out using the
SPSS software. The chi-square independence test was
used for statistical analysis, and if the relationship be-
tween the variables was confirmed, the V Kramer’s test
determining the strength of dependence was addition-
ally used.

Characteristics of the study group

The study was carried out at the turn of February and
March 2015. The group of respondents consisted of 200
adult women, patients of the Medical Care Center in Ja-
rostaw, who voluntarily gave consent to participate in
the study. Survey questionnaires were handed person-
ally after providing information about the purpose of
the study, the way of completing it and anonymity. Cor-
rectly completed questionnaires were tantamount to the
consent to participate in the study.

The most numerous group were women aged 41-50,
slightly smaller, but equally numerous group were wom-
en over 50. The remaining 17.5% were women aged 31-
40, the least numerous group were women aged 19-30
(14%). The research shows that 53.3% of women were
rural residents, while 46.7% of women lived in the city.

Among the respondents, 72.5% were married wom-
en, 17.5% were single, and only 10% were widows. The
respondents most often had higher education (45.5%),
every fifth (23.2%) - vocational education, 17.7% - sec-
ondary, and 13.6% - primary education.

The women performing mental or manual work ac-
counted for 45.5%, the remaining 9% were retired or on
pension.

A large proportion of women surveyed (40%) gave
birth to 1 or 2 children, a little less (32.5%) — 3 children.
Nulliparous women constituted 18.5% and only 9% gave
birth to more than four children.

Among the women surveyed, the vast majority
(93%) had their first menstrual period between the age
of 12 and 15. In the study group, 36% gave birth to their
first child at the age of 21-25, slightly less (34%) - at the
age of 17-20, in the third place were women giving birth
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Table 1. The characteristics of the studied population

Variable N %
19-30 28 14.0
31-40 35 17.5
Age
41-50 72 36.0
> 50 65 325
Married 145 725
Marital status Widow 20 10.0
Single 35 17.5
None 37 18.5
1-2 80 40.0
Number of children
3-4 65 325
>4 18 9.0
17-20 68 34.0
Age at the birth of the 21-25 72 36.0
first child 26-30 38 19.0
>30 22 11.0
12-15 185 93.0
Age at menarche
16-18 14 7.0
Higher 90 45.5
X Secondary 35 17.7
Education .
Vocational 46 23.2
Primary 27 13.6
Mental 90 455
Type of work Physical 90 455
performed
Retired 18 9.0
Internet 101 50.5
Books 100 50.0
Source of knowledge .
Medical staff 45 225
Other sources 24 12.0
. Urban area 93 46.7
Place of residence
Rural area 106 533

to the first child at the age of 26-30 (19%), the least nu-
merous was a group of women that had their first child
above 30 years of age (11%).

Over half of the respondents indicated the media
— the Internet, radio or TV as a source of information
about breast cancer. Few less got knowledge from sci-
entific books and press, and one in five was educated by

medical staff (Table 1).

Results

The results of the test of knowledge indicate that the
largest group (81.5%) were the subjects who presented
average level of knowledge (8-12 points), 14.5% wom-
en presented a low level of knowledge (7 points). The
highest score (13-15 points) obtained only 4% of the
respondents.

Among the surveyed women, 62.1% of the respon-
dents confirmed that they regularly undergo prophylax-
is screening for breast cancer, 37.9% did not regularly
screen.

Most women did not perform self-examination of
the breast (58.6%), while 31.3% of the respondents de-
clared performing self-examination of the breasts.

The largest group of respondents (91%) agreed that
women with the family history of breast cancer should
be covered by prophylaxis - the answers “yes” and “rath-
er yes’, but 8.0% claimed that such women should not be
subjected to prophylaxis.

The research showed that more than half of the re-
spondents (65.5%) had the mammograms performed,
34.1% of the patients had never the mammography per-
formed. A large proportion of the respondents (89.7%) re-
ported to a gynecologist, when they detect a nodule during
breast self-examination, 10.3% of women ignored this fact.

Nearly two-thirds of women (65.5%) felt that breast
cancer screening programs should be more publicized
in the media.

When asked whether women with breast cancer
should be offered support group meetings, the vast ma-
jority of women (75.5%) answered “yes” and “rather yes”
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Table 2. Level of knowledge of women and attitudes towards breast cancer prevention

What sources of knowledge do you use about breast Women's knowledge of breast cancer (max 15 Total
cancer? points)
7 pts. 8-12 pts. 13-15 pts.
2 3 4 5
Internet, radio, TV Yes N 19 77 5 101
% 65.5 47.2 62.5 50.5
p=0.15
Scientific books, press Yes N 7 88 5 100
% 24.1 54.0 62.5 50.0
P =0.01, Kramer’s V = 0.26, Chi — square = 9.30 (df = 2)
Medical professional Yes N 8 36 1 45
% 27.6 22.1 12.5 22.5
P=0.64
Other source Yes N 1 23 0 24
% 3.4 14.2 0 12.0
P=0.15
Do you regularly undergo Yes N 8 44 1 53
preventive examinations % 7.6 273 12.5 26.8
for breast cancer?
Rather yes N 10 52 3 65
% 34.5 32.3 37.5 32.8
No N 6 26 2 34
% 20.7 16.1 25.0 17.2
Rather no N 5 39 2 46
% 17.2 24.2 25.0 23.2
P=0.93
Do you regularly perform Yes N 3 32 2 37
breast self-examination? % 103 19.9 250 18.7
Rather yes N 9 40 0 49
% 31 24.8 0 24.7
No N 11 57 4 72
% 38 354 50.0 36.4
Rather no N 6 32 2 40
% 20.7 19.9 25.0 20.2
P=0.62
Have you ever had a Yes N 19 81 5 105
mammogram?? % 65.5 50.3 62.5 53.0
No N 8 80 3 91
% 27.6 49.7 37.5 46.0
Rather no N 2 0 0 2
% 6.9 0 0 1.0
P =0.06
If you detect a lump Yes N 12 91 4 107
during self-examination, % 414 56.5 50.0 54.0
do you report to the
doctor? Rather yes N 14 51 4 69
% 48.3 31.7 50.0 34.8
No N 1 7 0 8
% 34 4.3 0 4.0
Rather no N 2 12 0 14
% 6.9 7.5 0 7.1

P=10.60
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1 2 3 4 5

Do you lead a healthy Yes N 4 20 0 24
lifestyle? % 13.8 124 0 12.1
Rather yes N 5 84 6 95
% 17.2 52.2 75.0 48.0

No N 15 24 2 41
% 51.8 14.9 25.0 20.7

Rather no N 5 33 0 38
% 17.2 20.5 0 19.2

P <0.001, Kramer's V = 0.26, Chi - square = 26.46 (df = 6)

If you are at the Yes N 7 30 0 37

gynecologist and he does % 24.1 18.6 0 18.7
not perform a breast

examination, do you ask Rather yes N 3 33 2 38
for this examination? % 10.3 20.5 25.0 19.2
No N 18 68 4 90
% 62.2 423 50.0 45.5

Rather no N 1 30 2 33
% 34 18.6 25.0 16.7

P=0.16

When you feel the Yes N 14 84 4 102

discomfort of the % 483 522 50.0 515
reproductive system,

do you report to the Rather yes N 10 64 2 76
gynecologist? % 345 39.8 25.0 383

No N 2 7 1 10

% 6.9 43 12.5 5.1

Rather no N 3 6 1 10

% 10.3 3.7 12.5 5.1

p=0.55

The research showed that 31% of surveyed women
thought that they lead a healthy lifestyle, the remaining
69% admitted that they do not lead a healthy lifestyle.

The survey also asked about participation in pro-
phylaxis screening, 38% of women admitted that they
do not use invitations for free mammography, 22% of
women answered that they are likely to take advantage
of it, the answer “yes” was indicated by 21.5%, almost as
many as the answer “rather yes”. 17.5% of women indi-
cated the answer “rather not”.

The research shows that 65.6% of women surveyed
did not ask for a breast examination during an ap-
pointment at a gynecologist, 34.4% asked for such an
examination. In the group of women surveyed, 81.8%
reported to a gynecologist when they experience some
discomfort from the reproductive system.

Women with higher scores in the knowledge test
preferred scientific books as their source of knowledge
(p=0.01). In the case of other sources of knowledge, no
statistically significant relationships were found with the
level of respondents’ knowledge.

There was no statistically significant relationship be-
tween women’s knowledge about breast cancer and reg-
ular prophylaxis screening for breast cancer (p=0.93) as

well as between women’s knowledge and breast self-ex-
amination (p=0.62).

There was a weak statistically significant relation-
ship (p=0.06) between women’s knowledge about breast
cancer prevention and mammography.

A lack of statistically significant relationship
(p=0.60) was found between knowledge and going
to the gynecologist after detection of a lump in the
breast during breast self-examination. The research
showed that women who do not lead a healthy life-
style are more often characterized by a lower level of
knowledge about breast cancer. The dependence was
weak (p < 1). There was no statistically significant rela-
tionship (p=0.30) between knowledge and the use of
invitations to free mammography by women. A lack
of statistically significant relationship (p=0.16) was
found between knowledge and asking for breast ex-
amination by women, when a doctor does not per-
form it.

The results showed that there was no relationship
(p=0.55) between women’s knowledge about breast
cancer prevention and women reporting to a gynecol-
ogist when they experience some discomfort from the
reproductive system. The relationship between the lev-
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el of respondents’ knowledge and their attitude towards
breast cancer prevention is illustrated in Table 2.

Statistical analysis showed that younger women ac-
quired knowledge more often from the Internet, radio
and TV, this is a weak and statistically significant re-
lationship (p=0.02). On the other hand, older women
acquired knowledge from other unmentioned sources -
a weak statistically significant relationship (p=20.008).
There was no statistically significant relationship be-
tween the place of residence and the sources of knowl-
edge about breast cancer. Internet, radio, TV (p=0.84),
scientific books, press (p=0.18), medical profession-
al (doctor, nurse, midwife) (p=0.74) and other source
(p=0.73) ). There is also a lack of dependence between
the place of residence (p=0.11) and education of the
surveyed women (p=0.59), and participation in pre-
ventive examinations for breast cancer.

Discussion

Breast cancer is one of the leading causes of death
among women in Poland and in the world. In the initial
stage of the disease, the possibility of curing is complete,
in the late stage the chances become smaller.”* In this sit-
uation, the women’s knowledge is important, which of-
ten determines their attitudes towards the prevention of
breast cancer. In the study, women most often presented
average (81.5%) or low (14.5%) level of knowledge. The
level of women’s knowledge about breast cancer was also
unsatisfactory in studies carried out by other authors in
several countries around the world.'¢?°

In Slusarska’s study, 82.6% of women know the prin-
ciples of breast self-examination, while in Najdyhor re-
search - 57% of women, and in Wegrowski’s study - 42%
of the respondents could not indicate the optimal time
for breast self-examination.”’* The correct answer to
the question about optimal breast self-examination time
(2-3 days after menstruation) in the present study gave
86% of the respondents, the remaining 14% considered
the statement as false. In Abolfotouh’s study over 40% of
the respondents correctly indicated the frequency and
optimal time of self-examination.'®

The knowledge of the risk factors is necessary
to prevent cancer. The Przysada and Najdyhor stud-
ies showed that the vast majority of women surveyed
lacked knowledge about them.'®** In our study women
mostly responded correctly.

An important aspect in the prevention of breast
cancer is the knowledge of symptoms that indicate can-
cer. Women asked about the symptoms of breast can-
cer did not show much knowledge e.g. the question
whether enlarged axillary lymph nodes are a symptom
of breast cancer, 54.8% of them responded correctly. Al-
most half of the respondents incorrectly indicated that
this is a false answer. Much better with a similar ques-
tion coped the women in Slusarska’s study, where over

70% considered enlarged axillary lymph nodes as a sign
of cancer. The question about the way of breast can-
cer spread was the most problematic. The vast majori-
ty of women (74.5%) indicated the wrong answer. Only
25.5% knew the correct answer. Similarly, in the studies
of Wozniak, where 39% of respondents knew the symp-
toms of breast cancer, the remaining 56% did not have
such knowledge.”*

The second part of the study concerned the attitudes
of women towards the prevention of breast cancer. Our
study was in line with the results of other authors in-
vestigating similar aspects of women’s attitudes towards
breast cancer prevention.

In Slusarska’s studies, over 61% of the respondents
knew that they should have a breast examination during
the visit to a gynecologist, but they do not ask for it.*!
The results of our study are comparable, because 45.5%
of women declared they would not ask for it if a gyne-
cologist did not suggest this examination.

On the other hand, only 26.8% of the respondents
who answered “yes” to the question about having sys-
tematic prophylactic examinations for breast cancer,
32.8% answered “rather yes” — these are quite low re-
sults. Breast self-examination, which is a fast, and also
the cheapest method to detect early changes in mam-
mary glands, is performed by only 18.7% of wom-
en. As many as 36.4% of women do not perform such
test. For comparison, in Alwan et al. studies 42.6% of
women perform breast self-examination (BSE)."” Regu-
lar self-examination is performed by every third Greek
woman.*

In Przysada study, the majority of women asked
about breast self-examination confirmed doing it (81%),
according to research by Wozniak, breast self-examina-
tion performs 54%.'** After detecting the lesion, 89% of
the respondents indicated that they reported to the doc-
tor, for comparison in research among women in Ire-
land almost 70% saw a GP after detecting the lesion.”

The literature states that mammography is the most
effective prophylactic examination for breast cancer. In
our research, every second woman (53%) had mam-
mography performed, which coincides with Przysada
study, where 53% of women have undergone a mam-
mographic examination at least once.®

The results of research carried out by the teams of
Korkut, Dewal, Lostao and Garwacka-Czachor in Tur-
key, USA, Spain and Poland confirm that despite satis-
factory knowledge of women about breast cancer, they
do not participate in preventive examinations.”’** In our
research were in line with them, i.e. the level of knowl-
edge does not affect health-related behaviors - participa-
tion in screening tests.

In the Przysada study, a large proportion of the re-
spondents were in favor of the need to implement and
publicize preventive programs, which coincides with
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the present research. 66.2% of women are in favour of
adevertising breast cancer prevention programs in the
media, 30.3% of the respondents answered “rather yes”,
only 1% of women indicated the answer “no”.

However, statistics on the use of invitations for free
mammography are still disturbing. Research shows that
only 21.7% use such invitations, 22.2% rather use them,
and 38.4% do not use them. This statistic looks similar
to Przysada study, where 33% of the respondents took
advantage of this possibility, and almost half did not, ex-
plaining it with the lack of necessity.'¢

According to the study, women do not have enough
knowledge about breast cancer and the right attitudes
towards prevention. They are still reluctant to use invita-
tions for free mammography, disregarding their health.
Knowledge and awareness as well as social support are
essential elements in the prevention and treatment of
breast cancer.

Conclusions
Summarizing, the women’s state of knowledge about
breast cancer is on average level, however, women’s
knowledge does not translate into their attitudes to-
wards the prevention of this cancer. Most women do
not perform breast self-examination and do not bene-
fit from free prophylaxis programs. Moreover, the age
of women determines the choice of sources of informa-
tion about breast cancer. Younger respondents most of-
ten use the Internet.

Education and place of residence do not signifi-
cantly affect the participation of women in prophylaxis
screening for breast cancer.
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ABSTRACT

Introduction. Blood pressure (BP) is a complex entity which is influenced by many factors. The impact of socioeconomic class
and body mass index (BMI) on hypertension has been reported in the past but literature on their influence on blood pressure
in healthy adolescents is very limited.

Aim. The aim of the study is to assess the influence of BMI and socioeconomic status on BP in healthy adolescents.

Material and methods. This cross sectional study includes three hundred healthy adolescents.

Anthropometric and BP measurements were done. BMI categories were derived using WHO Asia Pacific guidelines. An updated
Kuppuswami scale was used for determining socioeconomic status.

Multiple regression analysis and analysis of variance was used to study impact of socioeconomic and BMI classes on BP.
Results. Obese subjects of upper socioeconomic class have higher blood pressure values. Strong significant differences in the
mean values of systolic blood pressure (f-23.569; p<0.00001), diastolic blood pressure (f-22.470; p<0.00001) and mean arterial
pressure (f-27.454; <0.00001) were observed in different BMI classes. Except for diastolic blood pressure (f-2.713; p <0.030) rest
of BP indices did not differ significantly in different SES classes.

Conclusion. Obese subjects of upper socioeconomic class are prone for development of future hypertension. High BMl is
significant risk factor for high BP, however socioeconomic class of the subject should also be considered as predisposing factor
for high BP.

Keywords. blood pressure, BMI, obesity, socioeconomic class

Introduction epidemic proportions.' It has replaced the more tradi-
Economic transition in developing countries has result- tional causes of ill-health such as under nutrition and
ed in changes in lifestyle and socioeconomic class of in- infectious diseases."** According to World Health Or-
dividuals.! Consequently the prevalence of overweight/ ganization, cardiovascular diseases will be the largest
obesity and hypertension is on rise and has reached to cause of death and disability in India by 2020.">¢
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BP is a complex entity which is influenced by many
factors.” BMI and socioeconomic status (SES) are im-
portant determining factors for BP levels.”® BMI has
been extensively studied in the past epidemiological
studies and was found to be positively associated with
BP levels. Mean values of systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were reported high-
er in subjects with higher BMIL.*!!

SES is an important psychosocial variable which
has been observed to be associated with increased risk
of stroke and hypertension.'>' The impact of change in
SES on cardiovascular diseases and hypertension has
been reported in the past studies however, literature on
influence of SES and BP levels in normal healthy adults
is still very limited.>***

Aim

The purpose of this study is to ascertain influence of
SES and BMI on blood pressure levels of a healthy ad-
olescent population. This will help to reduce the fu-
ture burden of cardiovascular disorders, resulting from
change in socioeconomic class and obesity of the indi-
vidual.

Material and methods

In this cross sectional study, three hundred (300) healthy
adolescents with a mean age of 18.82 years (ranging
from 18 to 25 years) were enrolled. After the subjects
were instructed about the aims of the study, anthropo-
metric measurements and BP recording were done as
per the standard protocol.'”!®

Weight was measured in standing position in
light clothing without shoes to the nearest 0.1kg on
a calibrated mechanical weighing scale (Krups In-
dia). Wall mounted stadiometer was used to measure
height in erect posture to the nearest 0.1 cm. BMI was
derived using standard formula BMI= Weight (kg)/
Height (m?). Participants were classified into under-
weight (BMI < 18.5), normal weight (BMI from 18.5
to 24.9), over weight (BMI from 25 to 29.9) and obese
(BMI >30) groups using WHO Asia Pacific guide-
lines."

BP was recorded with a standardized mercury
sphygmomanometer after five minutes of rest in a seat-
ed position with appropriate size of cuff applied to the
right upper arm. Korotkoft phase-I was recorded as
SBP and Korotkoff phase-V as DBP. Mean of last two
readings with a time interval of one minute were used
as final readings. Pulse Pressure (PP) was calculat-
ed by subtracting DBP from SBP. Mean Arterial Pres-
sure (MAP) was calculated using the formula MAP =
DBP+1/3 (PP). All the recordings were done at a fixed
time (after 10:30 AM) by the investigator of the project
without wearing white coat. For determination of socio-
economic class updated Kuppuswami scale was used.?

Informed written consent and ethical clearance was
sought prior to study.

Statistical analysis

Continuous variables were expressed as Mean and SD
whereas categorical variables are expressed as num-
ber and percentages. Multiple regression analysis was
used to find out significant predictors of BP. ANOVA
and Tukey HSD post-hoc analysis was used to compare
mean. The level of significance is fixed at p < 0.05. All
the calculations were done on Med Calc (version 18.2.1)
statistical software.

Results
The baseline characteristics of the study population are

shown in the Table 1.

Table 1. Characteristics of study population

Parameter Mean = SD 95% CI
Weight (kg) 61.10+£13.72 58.88 10 63.31
Height (cm) 166.0 +9.32 165.16 to 168.17
BMI (kg/m?) 21.96 +4.28 21.27 to 21.27
SBP (mmHg) 123.0 £ 14.155 120.71t0125.28
DBP (mmHg) 7470+7.33 73.52t075.88
MAP (mmHg) 89.709 £8.91 88.696 t0 90.721

On multiple regression analysis blood pressure in-
dices (SBP, DBP and MAP) were significantly predicted
by BMI, however socioeconomic class did not predicted
blood pressure significantly (Table 2).

Mean values of SBP (135.75 + 9.37 mmHg),
DBP (80.62 + 7.40mmHg) and MAP (99.00 + 7.49
mmHg) were higher in obese group. Strong signifi-
cant differences in the mean values of SBP (f=23.569;
p<0.00001), DBP (f=22.470; p<0.00001) and MAP
(f=27.454; <0.0000!) were observed in different BMI
classes (Table 3). On Tukey HSD post-hoc test, highly
significant intergroup differences were noted in differ-
ent BMI classes except between overweight and obese
class (Table 4).

As depicted in the Table 5, highest mean values of
SBP, DBP and MAP were found in upper socioeconom-
ic class (124.48 + 18.67, 75.66+7.61 & 91.93 + 10.74
respectively for SBP, DBP and MAP). On analysis of
variance, except for DBP (f=2.713; p= 0.030) rest of BP
indices did not differ significantly in different SES class-
es (f=1.254; p = 0.288 and f=2.252; p=0.063 respectively
for SBP and MAP).

Prevalence of obesity and high blood pressure in the
present study is 5.33% and 8.66% respectively. Highest
number of subjects with elevated BP was found in up-
per socioeconomic class and overweight/obese category
(Figure 1).
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Table 2. Multiple regression analysis for prediction of BP indices

Inde;?endent Coefficient Std. Error r t P
variables partial
(Constant) 119.7405
(Sr:ran) BMI Class 4.0475 1.3615 0.1888 2.973 0.0033
SES Class -1.4590 0.9781 -0.09604 -1.492 0.1371
DBP (Constant) 73.9170
(mmHg) BMI Class 1.8016 0.7268 0.1583 2479 0.0139
SES Class -0.9762 0.5222 -0.1201 -1.869 0.0628
MAP (Constant) 89.1907
(mmHg) BMI Class 2.5504 0.8636 0.1876 2.953 0.0035
SES Class -1.1370 0.6204 -0.1177 -1.833 0.0681
Table 3. Effect of BMI category on BP
Under weight Normal weight Overweight Obese f- value p-value
SBP 116.19+9.00 121.87£12.07 132.52+19.06 135.75+9.37 23.569 <0.00001
(mmHg)
DBP 69.86+6.41 74.09+7.34 78.93+£7.01 80.62+7.40 22470 <0.00001
(mmHg)
MAP
85.30%6.70 90.02+8.11 96.79+10.32 99.00+7.49 27.454 <0.00001
(mmHg)
Table 4. Tukey HSD post-hoc test analysis of BP within BMI classes
SBP DBP MAP
BMI Class - - -
Diff 95%Cl P Diff 95%Cl o] Diff 95%Cl o)
Under weight
v/s 5.6 1.;12;0 <0.001 4.2 1.83t06.62 0.003 4.7 1.97t07.46 <0.001
Normal weight
Under weight
5.76 to 5.76to
v/s 16.3 1237 <0.001 9.0 1237 <0.0001 114 770to15.2 <0.001
Over weight
Normal weight
10.79 to 5.82to
v/s 19.5 783 <0.001 10.7 15.69 <0.0001 13.7 8.03to 19.36 <0.001
Obese
Normal weight
v/s 10.6 51'266020 <0.001 4.8 1.80to 7.87 <0.0001 6.7 3.28t0 10.25 <0.001
Over weight '
Normal weight
543 to 1.76 to
v/s 13.8 2232 <0.001 6.5 11.29 <0.0001 8.9 3.51t0 144 <0.001
Obese
Over weight
-6.13 to -3.58 to
v/s 3.2 1259 0.80 1.6 6.96 0.809 2.2 -3.84t08.2 0.78
Obese
Table 5. Effect of Socio-economic Class (SES) on Blood Pressure
ﬁ;Zices Upper Class Upper middle Lower Middle  Upper Lower Lower f-Value p-value
SBP 124.48+18.67 122.01£11.75 120.00£11.5 119.64+10.9 119.5+8.38 1.25 0.288
(mmHg)
DBP 75.66 £7.61 73.80+7.29 72.24 £8.39 72.07 £7.22 68.5 +4.12 2.71 0.030
(mmHg)
MAP
91.93 +10.74 89.87 +7.94 88.16 +8.87 87.92 +7.81 85.50 +5.1 2.25 0.063

(mmHg)
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Fig. 1. Prevalence high BP within socio-economic and BMI
classes

Discussion

There is paucity of data from developing countries on
the prevalence of obesity and high blood pressure. Most
of the reported data is from the developed countries
which suggest higher prevalence of obesity and hyper-
tension.'?

The situation in the developing nations is chang-
ing rapidly due to rapid economic transitions. It has
improved the socioeconomic status, reduces the phys-
ical activity and thus increases proneness for obesi-
ty and high BP.** It is because of this the prevalence of
hypertension and obesity in the developing nations has
reached epidemic proportions.”"!

In the present study SBP, DBP and MAP were sig-
nificantly predicted by BMI. Mean values of SBP, DBP
and MAP were significantly higher (p<0.0001) and dif-
fered across BMI categories . Subjects with elevated
blood pressure (BP) levels were greater (25.08%) in over
weight and obese group, indicating strong influence of
BMI on BP. These findings are in agreement with pre-
vious studies which support that BMI is not merely a
marker of obesity but it is causally associated with BR2"-
2 Obesity-associated rise in BP is a consequence of in-
adequate vasodilatation in presence of increased blood
volume and cardiac output, which are natural conse-
quences of an increase body mass.**

The impact of socioeconomic class (SES) on BP
was studied in several epidemiologic studies with con-
flicting results.*'''* In one of the past study high BP
levels were observed in lower SES." In another study
negative correlation between SES and blood pressure
(BP) was observed in normotensive subjects.”> How-
ever, no association between SES and BP was observed
in one of the previous study."® These variations might
be due to differences in the populations and method-
ologies used to study this question. Most of the nega-
tive studies with regard to SES and BP were originated
in underdeveloped countries suggesting that SES pa-
rameters influence BP differently in developed and de-
veloping societies.”” In the present study mean SBP &
DBP values were higher in upper SES. On statistical

analysis only DBP has showed significant difference
amongst the social classes. This is in agreement to the
findings of past study.*

The mechanisms through which SES affect blood
pressure are still unknown.” However It is suggest-
ed that the unfavorable metabolic and neuro-hormon-
al profile which is associated with a particular SES may
contribute to the elevation of BP* Furthermore, the rel-
ative impact of SES on BP is weak as compared to BML.#

Total prevalence of obesity in the study was 5.33%,
this is in agreement to the reported prevalence rates of
obesity for India.”” Highest numbers of subjects (8.66%)
with elevated BP were found in over weight /obese and
upper SES class respectively.

With the continued economic growth of the na-
tion the percentage of people in the high socioeconom-
ic group will increase further, this may lead to a higher
prevalence of hypertension and cardiovascular disor-
ders. Reduction in body weight early during the adoles-
cent period particularly in high SES will be an important
preventive measure to control this trend.*

Limitations

Small sample of a particular population group, single
measurement of BP are the main limitations. Further-
more, causal relationships cannot be drawn because of
cross-sectional nature of our study.

Conclusion

In the present study high BP were observed in over-
weight/obese and subjects in upper socioeconomic
class, indicating their proneness for future hyperten-
sion. Therefore along with BMI, socioeconomic class of
the subject should also be considered as a risk factor for
high blood pressure.
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ABSTRACT

Introduction. Cerebral palsy (CP) is a problem presenting multiple issues and the prevalence of this condition is quite signif-
icant. CP risk factors are mainly observed in prematurely born children as well as those affected by complications around the
time of birth or during the period of mother’s pregnancy. Quite frequently CP is manifested by abnormal muscle tone, contrac-
tures and deformities, and consequently impaired fine and gross motor functions.

Aim. The study was designed to examine the level of hand function, i.e. fine motor skills and to investigate whether there is a
correlation between development of fine motor and gross motor functions.

Material and methods. The study group included 80 children with infantile CP. In the group there were 24 cases with spastic
diplegia, 36 with spastic hemiplegia, and 20 with bilateral hemiplegia. During the study the children performed Box and Blocks
test, and their parents filled in Manual Ability Classification System (MACS) describing the level of fine motor function develop-
ment in their children. The children were additionally asked to perform two motor tasks. The first one involved an attempt to
assume position on all fours, and the other one checked the ability to assume and maintain standing position.

Results. The best scores in the conducted tests were found in children with CP taking the form of spastic diplegia, and the
poorest scores in MACS, Box and Blocks test as well as in motor tasks assessing gross motor function were observed in children
with bilateral hemiplegia.

Conclusion. The form of infantile CP affects the level of manual abilities. There is a correlation between the level of gross motor
and fine motor functions development.

Keywords. fine motor function, gross motor function, infantile cerebral palsy, manual abilities

Introduction are attributed to nonprogressive disturbances that oc-
According to definition, “Cerebral palsy (CP) describes curred in the developing fetal or infant brain. The motor
a group of permanent disorders of the development of disorders of CP are often accompanied by disturbanc-
movement and posture, causing activity limitation, that es of sensation, perception, cognition, communication,
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and behavior, by epilepsy, and by secondary musculo-
skeletal problems”.! As a result functioning in daily life
is also impaired. Problems are visible both in fine and
gross motor skills, and are reflected by intellectual ca-
pacities, thought processes, deficits in mobility as well
as abnormal muscle tone.>*

Severity of the problems, patterns of motor involve-
ment, and associated deficits, such as those in commu-
nication, and intellectual abilities, as well as epilepsy
vary widely from subject to subject. In the most recent
four decades the incidence remains at a constant level of
2-3 cases per 1,000 live births, despite the advancements
in prenatal and perinatal care.>

Manual skills are reflected by the child’s success in
performing a specific activity. Manual tasks reflecting
dexterity require engagement of fine and gross motor
skills as well as motor coordination. Children with CP
usually experience difficulties in performing manual
operations, such as gripping, releasing or manipulation
of objects, i.e. skills of key importance in many activities
of daily living. Impaired functioning of upper limbs in
children with CP is frequently associated with problems
connected with motor control, active range of motion,
grip strength and persistence of retained reflexes.”

Efficient hand function determines one’s ability to
cope with daily duties. It enables self-reliance and indepen-
dence from other people. It is also a decisive factor for how
much a person can learn. Without efficient hand function,
we cannot independently take care of our needs, such as
having meals and drinks, body care, dressing up, writing,
or having fun. From the first stages of their life, children
learn to explore the world using their hands.® Gradually ac-
quired skills, such as hand grip or pressure applied or re-
leased consciously and intentionally, or adaptation of hand
for varied functions enable people to become independent.
Hence manual dexterity is a guarantee for effective func-
tioning from conception to passing. Its gradual and pro-
gressive improvement is the foundation for the success in
daily life. Even if there are deficits in fine motor skills, they
can be compensated for, once hands take over the func-
tion, e.g. by moving with the help of special devices. Man-
ual abilities are of critical importance for the quality of
performance in daily life. Therefore it is necessary to high-
light the role of hand therapy in children affected by CP.>"°

Aim

The main aim of the research was to assess manual abil-

ities in children with CP; the secondary purpose of the

study was to answer the following questions:

1. Does the level of hand function according to Man-
ual Ability Classification System (MACS) test de-
pend on the type of CP?

2. Is there a relationship between the score achieved
on MACS scale and the number of blocks moved in
Box and Blocks test?

3. Does the type of CP affect the score in Box and
Blocks test?

4. Does the age of subjects affect the score in Box and
Blocks test?

5. Is there a relationship between the score on MACS
scale and the ability to assume the position on all
fours and to stand (assume/maintain the position)?

Material and methods

The study group consisted of 80 children with CP, re-
ceiving rehabilitation treatment Special Care Educa-
tional Facility. In this group there were 24 children with
diplegia spastica (spastic diplegia), 36 with hemiple-
gia spastica (spastic hemiplegia) and 20 with hemiple-
gia bilateralis (bilateral hemiplegia). The children were
divided into three age groups. The first one comprised
children aged 7-8 (15% 7-year-olds and 12.5% 8-year-
olds). The second group consisted of children aged 9-10
(22.5% 9-year-olds and 12.5% 10-year-olds). The third
group comprised children aged 11-12 (15% 11-year-
olds and 22.5% 12-year-olds). The children participating
in the study performed Box and Blocks test, where they
were asked to move as many wooden blocks as possible
from one box to another through a special partition, in
course one minute, using respectively their left or their
right hand. Higher scores in this test reflected better
manual abilities, in terms of fine motor function. The
Box and Block Test is an easy, feasible, valid, and reliable
measurement for gross manual dexterity in children.'>"
The parents were asked to specify the level of their chil-
dren’s manual skills with the use of Manual Ability Clas-
sification System (MACS), a scale designed to assess fine
motor skills. MACS scale specified the child’s ability to
use objects during important every-day activities, for
instance while playing, relaxing, eating or dressing up.
Lower scores achieved by children with CP on MACS
scale corresponds with their greater fine motor abilities,
hence Level I on MACS scale represents the highest and
Level V represents the poorest manual dexterity. As an
addition, the children were asked to perform two motor
tasks, i.e. to assume position on all fours, and to assume
and maintain standing position.

All the subjects were informed about the purpose of
the study and the procedure, and the children’s parents
or legal guardians provided written consent for their
participation in the examinations. The study protocol
was approved by the Bioethics Commission at the Fac-
ulty of Medicine.

Statistical analyses were computed with Statistica 10.0
software, respectively with the use of Pearson chi-square,
Kruskal-Wallis and Spearman’s rank correlation coefhi-
cient. Their choice resulted from a failure to meet basic
assumptions of parametric tests, i.e. goodness of fit of the
examined variables with normal distribution and homo-
geneity of variances. Goodness of fit with normal distribu-
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tion was verified with Shapiro-Wilk test and homogeneity
of variances with Levene’s test. A test result where p < 0.05
was considered to be statistically significant.

Results

Description of the study participants’ sex and the
types of CP

The findings of the study showed that in the examined
group of 80 children there were 44 (55%) boys and 36
(45%) girls. The children had been diagnosed with three
types of CP; 30% of the subjects with spastic diplegia,
45% with spastic hemiplegia, and 25% with bilateral
hemiplegia.

Analysis of the scores on the MACS scale

Analysis of the scores on the MACS scale showed that
MACS Level I was represented by 30% of the subjects;
Level II manual abilities were found in 47.5%, Level
III in 12.5% and Level IV in the remaining 10% of the
children. Assessment of scores on MACS scale in rela-
tion to age showed that the children aged 7-8 and 9-10
more frequently presented with Level II manual abili-
ties, while the oldest children in the age range of 11-12
more often than the others reached MACS Level I. This
correlation was not significant statistically - p=0.3710.
Conversely, analysis of the scores on MACS scale rela-
tive to the type of CP showed highly significant correla-
tion at the level of p=0.0000 (Table 1).

Table 1. MACS in relation to the type of infantile cerebral
palsy

MACS s.past|.c spfisnc . blla.teral. Total
diplegia hemiplegia  hemiplegia
N 12 12 0 24
Level |
%  50.0% 33.3% 0.0% 30.0%
N 12 22 4 38
Level Il
%  50.0% 61.1% 20.0% 47.5%
N 0 2 8 10
Level I
% 0.0% 5.6% 40.0% 12.5%
N 0 0 8 8
Level IV
% 0.0% 0.0% 40.0% 10.0%
24 36 20 80
Total
%  30.0% 45.0% 25.0% 100.0%
p X2=54.44 p=0.0000***

Analysis of the scores in the Box and Blocks test

Analysis of the scores achieved by the children in the
Box and Blocks test, conducted separately for the boys
and the girls, for the right and the left hand and relative
to age range, showed that in the specific age groups the
results for the right and the left hand were very similar.
In the age group of the 7-8 year-olds, the girls achieved
slightly higher scores, with mildly better results for the
right hand; the boys, generally with poorer results, pre-
sented with higher scores for the left side. In the case

of 9-10 year-old children, better results were recorded
for the boys. In this age group, both the girls and the
boys were more successful in the test examining the
right hand. In the group of 11-12 year-old children, the
girls coped with the task more effectively. Likewise, in
this group both the girls and the boys scored higher in
the right hand test. Generally, the best results were ob-
served in the children aged 7-8, slightly poorer scores
were achieved by the 11-12 year olds, and the lowest by
those in the age group of 9-10 (Table 2).

Table 2. Score in Box and Blocks test for the right and the
left hand in boys and in girls

boys girls
Age . -
min- min-
[years] Hand mean sd. Hand mean  sd.
max max
10.0- 10.0-
R 240 111 R 294 126
38.0 40
7-8
12.0-
L 245 8.0 L 286 147 3.0-430
36.0
910 R 221 130 3.0430 R 182 128 20-33.0
L 19.5 92 20340 L 132 115 0.0-27.0
1 R 230 116 70420 R 257 147 3.0-41.0
L 189 111 40380 L 250 166 1.0-49.0

Statistical analysis based on Kruskal-Wallis test con-
firmed very high significance of the relationships, at the
level of p<0.001***, between the number of blocks moved
with both the right and the left hand and the type of CP
in the examined children (Table 3). Hence, multiple com-
parison test was applied to find out which groups of chil-
dren differed significantly in their performance in Box
and Blocks trials. The differences in the number of moved
blocks were found between the children with spastic di-
plegia and spastic hemiplegia versus the children with bi-
lateral hemiplegia (successively for the right and the left
hand p<0.001). No statistically significant differences
were observed between the children with spastic diple-
gia and those with spastic hemiplegia (for the right hand
p=0.5743 and for the left hand p=0.0854) — Table 4.

Table 3. Comparison of the scores for the right and the left
hand acquired by children, relative to the type of infantile
cerebral palsy

Right hand (N) mean sd. median  min-max
spastic diplegia 24 313 7.2 300  18.0-42.0
spastic hemiplegia 36 27.3 10.7 265 10.0-43.0
bilateral hemiplegia 20 74 45 7.0 2,0-15.0
p H=42.19 p=0.0000***

Left hand (N) mean sd. median  min-max
spastic diplegia 24 30.6 9.1 300  15.0-49.0
spastic hemiplegia 36 241 84 220  11.0-43.0
bilateral hemiplegia 20 5.1 44 35 0.0-12.0

p H=48.17 p=0.0000%**
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Table 4. Box and Blocks test — multiple group comparison

Box and Blocks test right hand spastic spastic bilateral

diplegia hemiplegia  hemiplegia

spastic diplegia 0.5743 0.0000%**

spastic hemiplegia 0.5743 0.0000***
bilateral hemiplegia 0.0000***  0.0000%**

Box and Blocks test left hand ;‘;TZS; hesrzia;Itef;ia h:::;?gzlla

spastic diplegia 0.0854 0.0000***

spastic hemiplegia 0.0854 0.0000%**
bilateral hemiplegia 0.0000***  0.0000***

Associations between the Box and Blocks test and the
MACS scale

Analysis with the use of Kruskal-Wallis test con-
firmed very high statistical significance at p<0.001***
(p=0.0000 for the right hand and p=0.0003 for the left
hand), of the relationship between the number of blocks
moved with both the right and the left hand, versus the
children’s scores on the MACS scale. Given this, mul-
tiple comparisons test was applied to determine which
groups of children differed significantly in their per-
formance during Box and Blocks trials. Differences in
the numbers of transferred blocks were found between
the children with MACS Level I and II fine motor skills
and the children with Level IIT and IV fine motor skills.
These results were related to both the right and the left
hand (Table 5). The best scores in Box and Blocks test
were achieved by the children classified at MACS Level
I. The poorest results in the blocks test were scored by
children located at Level IV on MACS scale.

Table 5. Box and Blocks test — multiple group comparison

Box and Blocks test right

hand Level | Level II Level Il Level IV
Level | 0.0267*  0.0000*** 0.0000***
Level Il 0.0267* 0.0016**  0.0003***
Level 1l 0.0000%**  0.0016** 1.0000
Level IV 0.0000*** ~ 0,0003***  1.0000

Boxand Blocks testlet Level | Level II Level Il Level IV
hand

Level | 0.0603  0.0000%** (0.0000%**
Level Il 0.0603 0.0225*  0.0009***
Level Il 0.0000***  0.0225* 1.0000
Level IV 0.0000***  0.0009***  1.0000

Relationships between the tests assessing fine and
gross motor skills

Analyses were also performed to investigate the re-
lationships between the tests assessing fine and gross
motor skills in children with CP. Analysis based on
Spearman’s rank correlation test confirmed statistically
very high correlation, at p<0.001***, between fine mo-
tor skills in the children (MACS), and gross motor skills

as reflected by the specific elements related to the ability
to assume all-fours position and to assume and main-
tain standing position without assistance. The observed
values of correlation were very strong. They achieved
negative values at the level of |[R=-0.7|. The negative ori-
entation represents an increase in the value of one vari-
able coinciding with a decrease in the value of the other
variable. The higher the MACS Level achieved by the
children, the more often they were unable to perform
the task. Hence, poorer fine motor abilities in the chil-
dren coincided with poorer gross motor skills - as re-
flected by the inability to perform the consecutive motor
tasks and vice versa, the better the fine motor skills, the
more successful the children were in tasks involving
gross motor function.

Discussion

A number of tools designed to verify the level of fine
motor skills in children affected by CP have emerged in
recent years. These include the Manual Ability Classifi-
cation System."'® Jeevanantham et al. suggest that the
MACS could be considered as a standard classification
for children with cerebral palsy on the basis of man-
ual abilities, and can be reliably used for children be-
tween 4 and 18 years.” In the current study the MACS
was applied to assess children ranging in age from 7 to
12 years. Our findings show that in the group of chil-
dren with spastic diplegia 50% achieved Level I manu-
al abilities, which is evidence of well-developed motor
function, and the remaining 50% of the subjects in this
group achieved MACS Level II. In the group of children
with spastic hemiplegia, 33.3% achieved Level I manu-
al abilities, 61.1% Level IT and only 5.6% of the subjects
were classified at Level III on MACS scale. As for the
next type of infantile CP, i.e. bilateral hemiplegia, none
of the affected children achieved MACS Level I, while
40% of the children were classified at both Level IIT and
Level IV of the scale.

Similar results were reported by Michalska et al.,
the poorest results were obtained by children with bi-
lateral hemiplegia; as many as 60% of the study group
were classified at Level IV and V, according to MACS
scale.”! According to a study carried out by Department
of Hand Surgery in Stockholm, problems related to dai-
ly activities involving upper limbs were encountered by
80% of the children with spastic hemiplegia and 68%
of the children with spastic quadriplegia.?? A study by
Mazanek suggests that poor experience related to gross
motor abilities contributes to limitations in fine mo-
tor skills. Children affected by CP taking the form of
bilateral hemiplegia achieve the poorest results related
to both fine and gross motor functions. In MACS they
are also classified at the two lowest levels existing in the
scale — i.e. Level IV or V. When it comes to the scores
in Box and Blocks test it is possible to notice the follow-
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ing relationships. Children with spastic diplegia on av-
erage scored 31.3 points in the trial with the right hand,
and 30.6 points with the left hand. Again, the poorest
results were found in children with bilateral hemiple-
gia who scored only 7.4 points with the right and 5.1
points with the left hand. Our study also shows that age
does not significantly affect scores obtained in Box and
Blocks test. Hence, it was observed that the results for
the right and the left hand were similar in all age groups.
Statistically significant differences in the number of
transferred blocks were recorded between children with
spastic diplegia and spastic hemiplegia, versus children
with bilateral hemiplegia (successively for the right and
the left hand p<0.001***). No statistically significant dif-
ferences were observed between the children with spas-
tic diplegia and spastic hemiplegia (for the right hand
p=0.5743 and for the left hand p=0.0854).

Our study has shown that in the case of right hand
dominance, both the girls and the boys achieve higher
scores in Box and Blocks test for the right hand. Accord-
ing to a study by Mathiowetz et al., children with the
dominant right hand achieved better results than chil-
dren with the dominant left hand. Additionally, lower
precision was observed when blocks were moved with
the left hand. That study also showed that with the grow-
ing age of the children their scores in Box and Blocks
test were increasing.*

The present study has also established a relationship
between the level of gross and fine motor functions de-
velopment. The motor tasks examined the ability to as-
sume all-fours position and to assume and maintain the
standing position. Better classification on MACS scale
corresponded with the children’s greater gross motor
skills.

The current findings also show a correlation be-
tween the level achieved on MACS scale and the num-
ber of blocks transferred in Box and Blocks test. A
higher level in MACS classification corresponded with a
smaller number of blocks transferred in Box and Blocks
test. Similar results were reported by Golubovi¢ et al.
who in their study assessed manual ability and manu-
al dexterity in children with cerebral palsy. The study
involved 30 children with cerebral palsy. In order to as-
sess gross manual dexterity the Box and Block Test was
used. Manual ability was assessed according to MACS
scale. The researchers established there was a relation-
ship between the level of manual ability impairment and
performance on manual dexterity tasks. Participants
at MACS level IV transferred the smallest number of
blocks (p<0.01). All manual skills were more impaired
in the non-dominant hand compared to the dominant
hand but there were no statistically significant differ-
ences (p=0.06).” Similarly, Ohrvall et al. and Araneda et
al. also demonstrated a strong association between the
MACS and the Box and Block test (p<0.05). They ob-

served significant differences in the performance of the
children with CP between the various MACS levels and
the Box and Block test (p < 0.001).2%%

These findings suggest that the MACS and the Box
and Block test provide reliable information on manu-
al abilities in children with CP. The data identified us-
ing these tools represent comprehensive overview of the
child’s capacities, thereby facilitating the processes of
designing a treatment plan and monitoring of therapies
administered. The clinical applicability of the main re-
sults is also reflected by the correlation between the level
achieved on the MACS scale and the number of blocks
transferred in the Box and Blocks test, since this shows
that the tools can be used interchangeably in assessment
of children with CP. What is more, it could theoretical-
ly be assumed that children with spastic diplegia, which
mainly affects gait function, would present with man-
ual dexterity similar to that in healthy children. How-
ever, the scores in Box and Blocks Test acquired in the
present study by boys and girls representing three age
groups were examined with reference to the norms for
children '', and it was found that the scores acquired
by the subjects with spastic diplegia were nearly two
times lower. These findings suggest that manual dexter-
ity in these patients significantly differs from the norm.
The limitation of the study was the fact that there was no
control group consisting of healthy children; these will
be included in further research.

Conclusions

The level of manual dexterity depends on the type of
infantile CP. The children with spastic diplegic CP
presented with the best manual skills. The poorest func-
tional hand performance was observed in children with
bilateral hemiplegia.

There is a relationship between the level achieved
on MACS scale and the number of blocks transferred
in Box and Blocks test. The lower the level acquired by
the child in MACS classification, the greater the num-
ber of blocks moved by him/her, and the higher the level
in MACS classification, the fewer the number of blocks
successfully transferred in the task.

Type of infantile CP significantly impacts the score
obtained in Box and Block test. The children with spas-
tic diplegia acquired the highest scores. Similar, yet
slightly lower scores were obtained by children with
spastic hemiplegic CP. The poorest results were acquired
by children affected by bilateral hemiplegia.

Moreover, age of children with CP does not signifi-
cantly affect the scores in Box and Blocks test.

There is a correlation between the identified MACS
level and selected gross motor skills. The study has
shown that the ability to assume all-fours position and
to assume/maintain standing position is significantly re-
lated to the quality of fine motor function development.



Assessment of manual abilities in children with infantile cerebral palsy

141

References

1.

10.

11.

12.

13.

14.

15.

Rosenbaum P, Paneth N, Leviton A, et al. A report: the de-
finition and classification of CP April 2006. Dev Med Child
Neurol Suppl. 2007;109:8-14.

Marret S, Vanhulle C, Laquerriere A. Pathophysiology of
cerebral palsy. Handb Clin Neurol. 2013;111:169-176.
Colver A, Fairhurst Ch, Pharoah P. Cerebral palsy. Lancet.
2014;383:1240-1249.

Longo M, Hankins GD. Defining cerebral palsy: patho-
genesis, pathophysiology and new intervention. Minerva
Ginecol. 2009;61(5):421-429.

Ryan JM, Cassidy EE, Noorduyn SG, O’Connell NE. Ex-
ercise interventions for cerebral palsy. Cochrane Database
Syst Rev. 2017;11( 6):1-9.

Smithers-Sheedy H, McIntyre S, Gibson C, et. Al. A spe-
cial supplement: findings from the Australian Cerebral
Palsy Register, birth years 1993 to 2006. A report: the defi-
nition and classification of cerebral palsy. Dev Med Child
Neurol Suppl. 2016;58(2):5-10.

Tavernese E, Petrarca M, Rosellini G, et al. An innovative
hybrid modular ankle-foot orthosis to tune the variable
rehabilitation needs in hemiplegic cerebral palsy. Neu-
roRehabilitation. 2017;40(3):447-457.

Holmefur M, Krumlinde-Sundholm L, Bergstrom J, Eli-
asson AC. Longitudinal development of hand function
in children with unilateral cerebral palsy. Dev Med Child
Neurol. 2010;52(4):352-357.

Tiikel Kavak §, Eliasson AC. Development of handwriting
skill in children with unilateral cerebral palsy (CP). Dis-
abil Rehabil. 2011;33(21-22):2084-2091.

Bleyenheuft Y, Gordon AM. Precision grip control, sen-
sory impairments and their interactions in children with
hemiplegic cerebral palsy: a systematic review. Res Dev
Disabil. 2013;34(9):3014-3028.

Jongbloed-Pereboom M, Nijhuis-van der Sanden MW,
Steenbergen B. Norm scores of the box and block test for
children ages 3-10 years. Am ] Occup Ther. 2013;67(3):312-8.
Mathiowetz V, Federman S, Wiemer D. Box and Block Test
of Manual Dexterity: Norms for 6-19 Year Olds. Canad |
of Occup Ther. 1985;52:241-245.

Silva D1, Funayama CA, Pfeifer LI. Manual Ability Classi-
fication System (MACS): reliability between therapists and
parents in Brazil. Braz ] Phys Ther. 2015;19(1):26-33.

Park ES, Joo JW, Kim SA, Rha DW, Jung SJ. Reliability
and Validity of the Upper Limb Physician’s Rating Scale
in Children with Cerebral Palsy. Yonsei Med J. 2015;
56(1):271-276.

Rethlefsen SA, Ryan DD, Kay RM. Classification systems in
cerebral palsy. Orthop Clin North Am. 2010;41(4):457-467.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gunel MK, Mutlu A, Tarsuslu T, Livanelioglu A. Rela-
tionship among the Manual Ability Classification System
(MACS), the Gross Motor Function Classification System
(GMFCS), and the functional status (WeeFIM) in children
with spastic cerebral palsy. Eur J Pediatr. 2009;168(4):477-
485.

Akpinar P, Tezel CG, Eliasson AC, Icagasioglu A. Reliabil-
ity and cross-cultural validation of the Turkish version of
Manual Ability Classification System (MACS) for children
with cerebral palsy. Disabil Rehabil. 2010;32(23):1910-
1916.

Eliasson AC, Krumlinde-Sundholm L, Rosblad B, et al.
The Manual Ability Classification System (MACS) for
children with cerebral palsy: scale development and ev-
idence of validity and reliability. Dev Med Child Neurol.
2006;48(7):549-554.

Paulson A, Vargus-Adams J. Overview of Four Functional
Classification Systems Commonly Used in Cerebral Palsy.
Children (Basel). 2017;24(4):E30.

Jeevanantham D, Dyszuk E, Bartlett D. The Manual Abil-
ity Classification System: A Scoping Review. Pediatr Phys
Ther. 2015;27(3):236-241.

Michalska A, Wendorft ], Boksa E, Wiktor P. Quality of life
of children and adolescents with cerebral palsy and intel-
lectual disability. Selected social and demographic condi-
tionings. Child Neurol. 2010;21:35-44.

Arnen M, Eliasson AC, Nicklasson S, Sommerstein
K. Hand function in cerebral palsy. ] Hand Surg Am.
2008;33(8):1337-1347.

Mazanek E. Degree of motor paralysis and mental de-
velopment of children with cerebral palsy. Adv Rehabil.
1993;7:77-81.

Mathiowetz V, Federman S, Wiemer D. Box and Block
Test of Manual Dexterity: Norms for 6-19 Year Olds. Can
J Occup Ther. 2013;52(2):241-245.

Golubovi¢ S, Slavkovié¢ S. Manual ability and manu-
al dexterity in children with cerebral palsy. Hippokratia.
2014;18:310-314.

Ohrvall AM, Krumlinde-Sundholm L, Eliasson AC.
Exploration of the relationship between the Manual
Ability Classification System and hand-function
measures of capacity and performance. Disabil Rehabil.
2013;35(11):913-918.

Araneda R, Ebner-Karestinos D, Paradis J, et al. Reliabi-
lity and responsiveness of the Jebsen-Taylor Test of Hand
Function and the Box and Block Test for children with
cerebral palsy. Dev Med Child Neurol. 2019;in press. doi:
10.1111/dmen.14184.



© Wydawnictwo UR 2019 http://www.ejcem.ur.edu.pl/en/
ISSN 2544-1361 (online); ISSN 2544-2406 European Journal of Clinical and Experimental Medicine
doi: 10.15584/ejcem.2019.2.6 Eur J Clin Exp Med 2019; 17 (2): 142-145

REVIEW PAPER

Joanna Gustalik @ 8@ Dorota Bartusik-Aebisher @ 248F6) David Aebisher © 3(ABFG)

Ewa Kaznowska @ 14ABFG)

Imaging methods of early detection
and screening for breast cancer. A review

! Department of Pathomorphology, Faculty of Medicine, University of Rzeszéw, Rzeszéw, Poland
2 Department of Biochemistry and General Chemistry, Faculty of Medicine, University of Rzeszow,
Rzeszéw, Poland
3 Department of Photomedicine and Physical Chemistry, Faculty of Medicine, University of Rzeszéw,
Rzeszéw, Poland
* Clinical Department of Pathomorphology, Clinical Hospital No. 1 in Rzeszéw, Rzeszéw, Poland

ABSTRACT

Introduction. Breast cancer is the most frequent neoplasm among women. That is the reason why scientists all over the world
are attempting to improve early detection methods of this particular malignancy.

Aim. The most common and most widely used examination methods for screening for and detecting breast cancer is present-
ed herein.

Material and methods. This review was performed according to systematic literature search of three major bibliographic da-
tabases.

Results. Available data suggest that incidence and mortality in high-resource countries has been declining whereas incidence
and mortality in low-resource countries has been increasing.

Conclusion. The role of a physician is to select the most suitable one for each patient in order to obtain the best result. No mat-
ter the method however, between 2005 and 2011, the 5-year relative survival was found to be 89%. This is thought to be due
to both the increase in utilization of population-wide screening, as well as advances in treatment.

Keywords. breast cancer, breast MRI, early detection, screening

Introduction death.'** This is probably because risk factors and ac-
The most common malignancy in women is breast can- cess to early detection methods and treatment differ in
cer.'”® According to the Polish National Cancer Reg- those regions.'*® Risk factors for breast cancer include
ister, it is also second most common cause of cancer increasing age, race, menarche history, breast character-
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istics, reproductive patterns, hormone use, alcohol use,
tobacco use, diet, physical activity, and body habitus."*
Mutations in the BRCA 1 and BRCA 2 tumor suppressor
genes are significantly associated with the development
of breast and ovarian cancer by the age of 70."*° Surviv-
al depends on both stage and molecular subtype.'* As
there are few signs and symptoms early on, early detec-
tion is an important strategy to improve outcomes.'*
It is not a secret that detecting cancer at an early stage
or even precursor lesions provide patients with a better
chance of survival. That is why it is so important to con-
stantly evaluate accessible early detection methods and
to search for new ones.

Early detection and screening methods
Eighty-one percent of breast cancers are diagnosed
among women ages 50 years and older, and 89% of
breast cancer deaths occur in this age group. The me-
dian age at diagnosis for women with breast cancer is
62 years.*!

Breast self-examination
For a number of years breast self-examination was pro-
moted as the simplest method for breast cancer detec-

3238 However, the recent studies show that it does

tion.
not reduce the breast cancer mortality and is not effec-
tive to diagnose cancer at an earlier stage.”® It has also
been revealed that it increases the number of unneces-
sary interventions in women due to false-positive results

of this examination method.>*

Ultrasonography

Conventional ultrasound for breast screening is effi-
cient and relatively easy to perform; however, it lacks
systematic recording and localization.* Ultrasound ex-
amination is recommended for breast cancer screening
in young women whilst mammography is recommend-
ed for older female patients. This is due to high density
of fibrogladular tissue which is better visualized in ul-
trasound.>”

Mammography

Mammography is the only imaging modality to have
been shown to reduce mortality rate in asymptomatic
age-appropriate women.?® However, sensitivity of this
examination method can be limited in dense breast tis-
sue especially in younger patients because fibroglandu-
lar tissue reduces visibility of abnormalities.>*® Another
aspect worth mentioning is the growth pattern - if the
tumor does not produce a mass it is very difficult to de-
tect in mammography.”*

Digital breast tomosynthesis (DBT)
Digital breast tomosynthesis is relatively new method
of breast imaging. In this examination, radiologists re-

construct a 3D image from multiple low-dose 2D x-ray
source projection images. Obtained data allow them to
evaluate breast tissue in very thin slices (e.g. 1 mm). >

Breast magnetic resonance imaging (MRI)
Breast MRI is a very useful tool not only for detection
and characterization of breast cancer but also for de-
scribing the extent of the tumor and evaluation of the
treatment response.'*

Reported sensitivity of breast MRI in detection of
invasive breast cancer has approached 100% in sever-
al series.”®? This data in one of the reasons why breast
MRI is important in preoperative staging.?®? The lim-
itation of breast MRI is low-to-moderate specificity
ranging from 37-97%.253

Comparison of the aforementioned methods
of early detection of breast cancer

There are many studies comparing usefulness of differ-
ent methods of early detection of breast cancer. Many
factors contribute to these results. It is believed that
breast self-examination is the least useful method of
all.>* Tt also is the reason for unnecessary medical in-
terventions in female patients.**

Mammography is the gold standard in breast can-
cer detection.” It provides a good quality image with
reduced radiation dose and can detect breast carcino-
ma in its earlier stages, resulting in good prognosis and
improved patient survival.** Obese women are the ones
with the highest sensitivity of screening mammography,
while the specificity of screening remained stable across
weight groups.”!

The exclusive use of quality-assured breast MRI al-
lows the early detection of breast cancer with a high
sensitivity and specificity.” Additionally, breast MRI is
a reliable problem-solving method for excluding malig-
nancy that cannot be confirmed by conventional imag-
ing. In such cases, additional findings from MRI may
help identify new cancers that cannot be detected with
conventional methods. However, it has moderately low
specificity which may cause unnecessary biopsies, fol-
low-ups, and anxiety to patients.'

Overdiagnosis

There are many studies concentrating on the rate of
overdiagnosis in female patients with breast cancer.”>*!
This unfortunately leads to unnecessary medical proce-
dures that could otherwise be avoided. The most plau-
sible estimates of overdiagnosis range from 1% to 10%.
Substantially higher estimates of overdiagnosis report-
ed in the literature are due to the lack of adjustment for
breast cancer risk and/or lead time.** MRI yielded the
highest performance even though the unexpected spec-
ificity may lead to over-diagnosis, and ultrasonography
is slightly better than mammography.
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Conclusion

Many different imaging methods of early detection and
screening for breast cancer are used throughout the world.
Indications to application of each method vary. The role
of a physician is to select the most suitable one for each
patient in order to obtain the best result. No matter the
method however, between 2005 and 2011, the 5-year rel-
ative survival was found to be 89%. This is thought to be
due to both the increase in utilization of population-wide
screening, as well as advances in treatment.
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ABSTRACT

Introduction. The use of whole-body vibration (WBV) has increased in the therapeutic field for patients with osteoporosis,
however, there is still some controversy about its real effects.

Aim. to perform a systematic review on the use of WBV for improving bone mineral density and effects of osteoporosis in post-
menopausal women.

Material and methods. the search was conducted by two researchers in the MEDLINE/PubMED and SciELO databases. It was
included in the study clinical trials that dealt with the influence of vibration platform treatment on osteoporosis in the Portu-
guese and English languages published since 2006.

Results. Ten selected clinical trials were found in a total of 405 articles. There are heterogeneous results owing to the diver-
gences of the study. Six articles presented benefits of treatment with WBV in bone parameters, one article with changes in bal-
ance and muscle strength and three with no effects after treatment.

Conclusion. It is concluded that the use of WBV was presented as an option in the treatment of osteoporosis, however, studies
using homogeneous methodologies are needed to compare the actual benefits of using them.

Keywords. bone and bones, exercise, osteoporosis

Introduction ticularly in postmenopausal women, and the term post-
Osteoporosis results from an imbalance between bone for- menopausal osteoporosis is used when estrogen deficiency
mation and resorption, affecting patients at different ages exacerbates demineralization of the bone architecture.’

and altering normal bone architecture."? Aging increases This process occurs due to estrogen acting as a bone
the incidence of fractures associated with this disease, par- protector, decreasing bone resorption by increasing the
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expression of osteoprotegerin, secreted by osteoblasts
and decreasing, among others, the expression of the nu-
clear transcription factor kappa B ligand (RANKL) in
osteoclasts. Although maintenance of bone tissue with
altered concentrations is maintained, this estrogen defi-
ciency increases the levels of proinflammatory cytokines
and tumor necrosis factor, stimulating osteoclastogene-
sis with increased expression of the activating receptor
of RANKL.~?

Fractures that occur due to bone fragility are a se-
rious public health problem worldwide, since they have
large proportions on mortality, morbidity and quality
of life.!® Regular exercise may be in charge of increas-
ing and maintaining bone mineral density (BMD), im-
proving balance, and reducing the risk of fractures and
falls.>'*'> However, although physical exercise is bene-
ficial, physical exercises may be contraindicated or dif-
ficult to perform in elderly individuals, thus increasing
the likelihood of developing chronic diseases and their
comorbidities."? For this reason, new methods of inter-
vention for the increase in BMD have been increasing
recently and among them, training in vibratory plat-
form or whole-body vibration (WBV) is cited as a way
to increase BMD, treat osteoarthritis and improve phys-
ical fitness, both in human and animal studies, although
there are still several controversies about its effects.’>*

On these platforms, individuals receive mechani-
cal stimuli that causes vibration of the entire body.'****!
Its benefits in the bone tissue can be explained by the
piezoelectric effect, because after a mechanical tension
there is the generation of electric potential along the tis-
sue, with negative charges generated on the bone surface
and consequently the flow of positive ions to the extra-
cellular medium after activation of ionic channels, stim-
ulating the mechanotransduction, that is, osteocytes
to generate biochemical responses and induce the for-
mation of bone mass and suppress their resorption.?*?
WBYV is also capable of promoting muscle strength gains
by potentiation muscle contraction after propriocep-
tive activation. It is also important to emphasize that
the strengthening of periarticular muscles control the
weight loss in the involved joints, reducing shock and
overloads, which would also affect the skeletal system
beneficially.***CINAHL, Embase, Scopus, PEDro, and
Science citation index for research articles published
prior to March 2015 using the keywords whole body vi-
bration, vibration training, strength and vibratory exer-
cise in combination with the Medical Subject Heading
‘Osteoarthritis knee’ Study selection: This meta-analysis
was limited to randomized controlled trials published in
the English language. Data extraction: The quality of the
selected studies was assessed by two independent eval-
uators using the PEDro scale and criteria given by the
International Society of Musculoskeletal and Neuronal
Interactions (ISMNI).

However, there are contraindications to its use, such
as in diabetic individuals with neuromuscular diseases,
severe heart disease, stroke, implant, bypass, stent; fur-
thermore there is disagreement about the real effects of
the use of WBV in the bone architecture and improve-
ment of osteoporosis in postmenopausal women, as well
as with respect to the parameters used, and the tissue
responses are dependent on these factors, with the lit-
erature pointing out that its use is more effective when
not used for strenuous periods and with frequencies
between 30-60Hz.>'****Grupo Aula Medica S.A. All
rightsreserved. Objective: The aim of this study was to
examine the effect of 8 months of whole-body vibration
training on bone mass in octogenarian women. Method:
Thirty-seven women (aged 82.4 [SD=5.7] years).

Aim

In this way, this study aimed to carry out a systematic
review of the literature on the effects of WBV on bone
mineral density and whether it is possible to attenuate
the effects of osteoporosis in postmenopausal women.

Description of the subject literature

This systematic review was carried out according to the
criteria and recommendations of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) methodology. We used the National Library
of Medicine (MEDLINE / PubMED) and the Scientific
Electronic Library Online (SciELO) electronic databas-
es, investigating articles related to the proposed topic,
searched in the period of May and June of 2018. The
searches were performed with the terms “osteoporosis”,
“vibratory platform”, “whole-body vibration’, “bone”, ar-
ticulating also the words with “and”, thus forming com-
binations.

We included in the study randomized clinical trials
that had as an object of study the influence of the treat-
ment of WBV on osteoporosis, published since 2006,
with articles available in full online in Portuguese and
English. Studies that did not fit these criteria and did
not have menopausal women as participants were not
included in the study. The analysis of the selected arti-
cles was done by two authors, if there was disagreement,
a third author would be responsible for inserting the ar-
ticle or not in the review. The sequence of steps to se-
lect the articles was first made by the identification and
selection of articles, followed by the eligibility in which
the inclusion and exclusion criteria were implemented,
and finally the inclusion of the articles chosen. For the
included articles, the Physiotherapy Evidence Database
(PEDro) scale was used to measure the methodologi-
cal quality of the studies, also applied by two evaluators.

After searching the databases, a total of 405 scientif-
ic articles were found, 360 of which were found in MED-
LINE / PubMED and 45 in SciELO. However, some
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Fig. 1. Flowchart (based on PRISMA 2009) to identify the articles included in the study

articles were duplicated in the databases, thus totaling
380 articles initially. Following this step, a careful analy-
sis of the articles occurred, by means of title and abstract
readings, and later for pre-selected articles with full text
reading, reaching an end of 10 articles selected for this
systematic review. A flowchart was elaborated (Figure 1),
to visualize the selection stages of the articles.

The methodological quality assessed by the PEDro
scale resulted in an average of 8.2 + 1.7. Higher scores
do not necessarily imply clinical evidence, but they as-
sure that the treatment used was adequate, with studies
varying from 6 to 10 points on the scale.

The results showed that the periods can vary from
6 to 12 months of treatment, and the use of WBV may
be involved in exercise, as well as vitamin D and cal-
cium supplementation. In the articles studied, 6 sug-
gest beneficial effects of intervention on bone, muscle
and balance parameters.®>' One study had no effect on

BMD, however, it decreased the frequency of falls.*’the
multi-purpose exercise training was effective to increase
lumbar BMD but added WBV did not enhance this ef-
fect. However, falls were lowest in the exercise program
combined with WBV. Introduction: WBYV is a new ap-
proach to reduce the risk of osteoporotic fractures. In
the \”Erlangen Longitudinal Vibration Study\” (ELVIS).
Three other studies did not present significant conse-
quences for the parameters evaluated (Table 1).*-%

Analysis of the literature

With the mechanical load it is possible to stimulate bone
formation and maintenance of muscle mass, and body
vibration is a proposal that is growing among the mo-
dalities of physical exercise.***selective effects of differ-
ent frequency and acceleration magnitude modalities
on musculoskeletal responses need to be better defined.
Our aim was to investigate the bone effects of different
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Table 1. Description of the articles included and analyzed, with presentation of the authors, participants, main interventions
and evaluation forms, results found and a note attributed by the PEDro scale

Author / year Participants Intervention Evaluation Outcome PEDro
Scale
) Groups Walk Exercise (n=14) 8 months, BX/WG.Ek' Performed wa!kmg BMD femur and lumbar ~ WBV group improved
Gusi et al., 2006 exercise (60min) or WBV (1-30min, h 7
and WBV (n=14) 12.6H2) spine and balance femur BMD and balance
. . Bone mineral content, )
Groups Control (1=15), low 8 mon'ths. Control group w!thout in- lumbar spine BMD, WBV |mproveq the
L . tervention, WBV 2x/week with low (15 parameters, without
Beck etal., 2010 (n=15) and high intensity WBV . . . femur, forearm, muscle . . 6
min, 30Hz, 0.3G) and high (2x3 min, differences between high
(n=17) ) ) strength and balance
12.5Hz, 1G) intensity and low frequency
tests
12 months. Control group without inter- Bone volume and thick-
Groups Control (n=67),low  vention. Daily use of WBV (20min, 0.3G) ness of the tibia and No difference between
Slatkovska etal., 2011 (n=68) and high WBV (n=67)  of low (30Hz) and high (90Hz) frequency i 10
i - radius, femur BMD and groups
frequency + supplementation of vitamin D and )
. lumbar spine
calcium for the three groups
Control Groups: Vitamin D sup- 6 months. Control groups without ) . . Vlb.r atory platform did
Lo . . . Hip BMD and isometric  not increase the param-
plementation with low (n=28) intervention and WBV groups (1-12 min, A ) .
Verschueren et al., . and dynamicstrength,  eters in comparison to
and high (n=29) dose; 30-40Hz, 1.6-226), frequency 3x/week, . 7
20M I - - 8 A muscle mass of knee  the use of vitamin D, also
PV:Vitamin D low (n=28) and  associating static and dynamic exercises -
high (n=26) dose in the platform extensors not having difference
ghin= P between the doses
12 months, 3x/week.
Groups Low-intensity exercise  Exercise Group with 2x10 repetitions of
. . . . ) . . Improves BMD and
Von Stengel et al., (n=33), Training Rotational low intensity exercises, rotational WBY ~ BMD lumbar spine and strenath for both arouns 10
201 Vibration (n=29) and Vertical of 12.5Hz, 0.8G, vertical PV of 35Hz, femur, muscle strength g latform group
(n=34) 0.8G, both associated with dynamic P
exercises during 15min
N 18 mo.nthf, 2x/weelf The use of WBV does
Groups Low intensity control  Control group with light exercises, Group .
L . . not improve the effects
Von Stengel et al., (n=48), Training with conventional aerobic . n
- - . BMD hip and lumbarand  that the training already 10
20M Training (n=47) and Training +  exercises, balance and muscle strength ;
- . A . frequency of falls promotes, but improves
WBV (n=46) during 60min and when associated with the frequency of falls
WBV, used 25-35Hz for 6min quency
_ 6 months. Control group without - .
Laietal., 2013 Control groups (n=14) and intervention and WBV (30Hz, 3.2G), 3x/ Lumbar spine BMD Significant improvement 9
WBV (n=14) . for the WBV group
week, 5min
9 months, 2x/week.
Stolzenberg etal.,  Groups Balance training (n=31)  15min progressive balance exercises and  Peripheral CT of the tibia, ~ Improvement in both 7
2013 and WBY (n=26) 4min PV (22-24Hz, 2-4mm, 3.9G-10.3G)  fibula, radius and ulna groups
with different postures
BMD, balance, jump
Control groups (1=20) and 12 months. Control group without performance and maxi-  There was no difference 6
Liphardtetal., 2015 groups fn= intervention, WBV (20Hz, 3-4mm) 2-3x/  mum voluntary contrac-  between the groups for
WBV (n=22) : .
week, 10min tion of flexors and knee  the parameters evaluated
extensors
Pharmacological treatement PV\:’::ieTuag::;:ct:)h:hr:py
(PT) (n=25); Magnetic thera- 4 months. WBV (20-24Hz) 2/week, BMD, venous blood . P
Shanb et al., 2016 . ) . medication only group, 10
py+PT (n=30) and WBV+-PT 55min (calcium and vitamin D) . )
yet with no differences
(n=30)
between them

Legend: n - number of participants, x - times, min - minutes, Hz - hertz, G - acceleration of gravity, mm - millimeters

(displacement), WBV - whole-body vibration platform, BMD - bone mineral density, CT - computadorized tomography.
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vibration frequencies at constant g level. Vertical WBV
was delivered at 0.7. g (Peak acceleration In this review,
five clinical trials with positive effects for the treatment
of osteoporosis were found. In the study by Lai et al. a
WBV group (30Hz frequency, magnitude 3.2G) and a
control group were assessed. After treatment, the WBV
group increased lumbar spine BMD.?® The authors sug-
gest that this occurred because of the training using
high frequency and high magnitude and for assessing
the lumbar spine, the neutral orthostatic position on the
platform favors the direct transmission of the vibration
to the spine, in addition to the duration of each session
being five minutes, without provoking deleterious ef-
fects, and being an exercise of easy adhesion.

Stolzenberg et al. compared the WBV Group (24-
26Hz frequency progression and 2-4mm amplitude)
with a Balance Training (BT) group after performing re-
sistance exercises, finding an increase in BMD in the tib-
ia in both groups, with no significant difference between
them. The authors point out that a significant improve-
ment between the groups could be perceived through
more modern measurements, such as Dual Emission
X-ray, and suggested that these results appear in short-
er treatment periods with vibration training with fre-
quencies and longer durations for a better stimulus. In
addition, there was a difference for the BT Group in the
parameters that evaluated the radius and the ulna, which
is justified by the fact that this group also performed ex-
ercises for upper limbs, which the WBV Group did not
do so it is necessary to perform new studies that analyze
the effect of body vibration also on upper limbs.*

In the work of Von Stengel et al. two types of vi-
bration were evaluated: vertical (35 Hz, 1.7 mm ampli-
tude) and rotation (12.5 Hz, 12 mm amplitude), those
associated with muscle strengthening exercises, com-
pared to Control group with low intensity exercises.*
Two groups of vibration improved BMD of the lumbar
spine, but did not affect BMD of the femur. However,
the vertical group presented results in the non-signifi-
cant borderline, different from the rotation group, pos-
sibly explained by the given stimulus (rotation plate
frequency) being twice as strong in the spine as in the
femur region. In addition, individuals positioned them-
selves on the platform with slight flexion of the lower
limb joints and the vibration transmission is dependent
on this flexion, being greater in the vertical position,
with the semi-squat position reducing acceleration up
to ten times in the hip, explaining this possible result
and corroborating that found in the article by Lai et al..?®
In addition, the gain of muscle strength in both groups
of vibration can be explained by the concomitant use of
exercise and the position of semi-flexion, different from
other studies that do not associate the exercise.

In another study, with a population with the same
characteristics as the previous one, Von Stengel et al.

sought to evaluate whether VF (frequency 25-35 Hz and
1.7 mm amplitude) would enhance the effects of physi-
cal training on BMD and the frequency of falls in wom-
en. Physical training addressed aerobic, functional and
balance exercises. The results suggest that both training
and training groups associated had an increase in BMD
in the lumbar spine when compared to low intensity
control. However, the number of falls decreased signifi-
cantly only in the group that associated with the training
of the WBV. Thus, it is evident the benefit that physical
exercises can promote in bone tissue due to mechanical
loading and weight loss, but, although it does not di-
rectly contribute in this study to these alterations, pos-
sibly due to the time and period used, WBV reduced
the number of falls, being this important factor for the
risk of fractures.*the multi-purpose exercise training
was effective to increase lumbar BMD but added WBV
did not enhance this effect. However, falls were lowest
in the exercise program combined with WBV. Intro-
duction: WBV is a new approach to reduce the risk of
osteoporotic fractures. In the \”Erlangen Longitudinal
Vibration Study\” (ELVIS).

In the study by Gusi et al. a 55-minute walk exer-
cise group per session (3x week) and another exercise
group with WBV of 12.6 Hz and 3mm amplitude were
compared for 8 months. The WBV Group was more ef-
fective in improving balance and BMD, only in the fem-
oral neck and not in the lumbar spine, probably also
explained by the position of the subjects on the appara-
tus, with a knee flexion of 60°, which affects the vibra-
tion to the spine. The authors suggest that the platform
stimulus is different from the day-to-day walking stim-
ulus, causing adaptations in the bone tissue, in addition
to the low magnitude and high frequency used. Anoth-
er possible result could be found with resistance exer-
cises, which were not used in the study.*increasing the
lateral accelerations. A few studies have shown recently
the effectiveness of the up-and-down plate for increas-
ing Bone Mineral Density (BMD).

Beck and Norling aimed to determine the effects of
high (12.5 Hz, 1G) and low intensity (30Hz, 0.3G) WBV
twice weekly during a period of eight months on the
risk of hip fracture in women post menopause. They ob-
served that the use of low intensity WBV helped in the
slight but not significant mass gain in the femoral neck
region and in both intensities the use of the platform
assisted in the maintenance of the bone mass in the re-
gions of the neck of the femur and spine, when com-
pared to the control group.*

In the study by Liphardst et al., the group that associ-
ated with WBV had no improvement in BMD, area and
mineral resistance, in addition to parameters of muscle
strength and balance. They suggest that to potentiate a
bone change, it would be a necessary concomitant to the
training of vibration, the resistance training, which was
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not associated with the study. There was only difference
in the parameters of muscular strength in the first four
months, being justified by the action of the WBV in pro-
moting stimuli to the sensory system, provoking a peri-
od of adaptation, however, this stimulus is not able to
cause physiological changes measurable since after this
period the values were the same as those found in the
control.*® According to Lai et al., these adverse effects
can be justified due to exposure of great intensity, mag-
nitude or long duration, which also affects blood vessels
and peripheral nerves.*

In the study by Slatvoska et al., the therapy of high
(90Hz, 0.3g magnitude) and low (30Hz, 0.3G) frequency
was unable to change the BMD and bone structure of post-
menopausal women who received calcium and vitamin D.
The authors justify these results because they obtained
median adherence ranging from 65-79% and because the
treatment was administered at home and without super-
vision, which makes it impossible to know if the partic-
ipants performed the activities correctly and following
recommended posture and instructions.” Verschueren
et al. associated WBV with vitamin D supplementation
in institutionalized elderly women. There were no differ-
ences between the groups analyzed. This situation can be
explained by the lack of a control group without vitamin
D supplementation associated with physical exercise, and
a control group without PV activities and supplementa-
tion, which makes it impossible to verify the real influence
of the use of PV in the elderly in an isolated way.”” Shanb
et al. compared the PV associated with drug therapy with
magnetic therapy, and after 4 weeks of therapy, they ob-
served that both groups were superior to the BMD results
compared to the only medication group, but with no dif-
ferences between them.” The use of WBV in the treat-
ment of osteoporosis can be used to minimize or prevent
the changes caused by this disease in the body, however,
there are no standards defined in the literature regarding
the frequency, duration of the intervention and the peri-
od to be used. Clinical trials present heterogeneous results
due to the divergences used in the methodology, however,
in short, the platform has positive effects in the treatment
of osteoporosis when used at high frequency and associat-
ed with physical exercises, but the low frequency can also
help positively the parathyroid response and thus, target-
ing positive results in bone tissue.*’

Conclusion

We concluded that the use of WBYV is presented as an
option in the treatment of osteoporosis, however, stud-
ies using homogeneous methodologies are needed to
compare the actual benefits of using them.

References
1. Kiel DP, Hannan MT, Barton BA, et al. Low magnitude
mechanical stimulation to improve bone density in per-

10.

11.

12.

13.

14.

15.

16.

17.

sons of advanced age: a randomized, placebo-controlled
trial. J Bone Miner Res. 2015;30(7):1319-1328.

Chen L-R, Ko N-Y, Chen K-H. Medical treatment for oste-
oporosis: from molecular to clinical opinions. Int ] Mol
Sci. 2019;20(9):2213.

Santin-Medeiros F, Santos-Lozano A, Rey-Lépez JP, Gara-
tachea N. Efecto de 8 meses de entrenamiento en platafor-
ma de vibraciones sobre la masa osea de cadera en mujeres
mayores. Nutr Hosp. 2015;31(4):1654-1659.

Weber-Rajek M, Mieszkowski J, Niespodzinski B, Ciecha-
nowska K. Whole-body vibration exercise in postmeno-
pausal osteoporosis. Prz Menopauzalny. 2015;14(1):41-47.
Coughlan T, Dockery E Osteoporosis and fracture risk in
older people. Clin Med (Northfield II). 2014;14(2):187-191.
Black DM, Clifford RJ. Postmenopausal osteoporosis.
N Engl ] Med. 2016;374(3):354-362.

Ji M, Yu Q. Primary osteoporosis in postmenopausal wo-
men. Chronic Dis Transl Med. 2015;1(1):9-13.

Tella SH, Gallagher JC. Prevention and treatment of post-
menopausal osteoporosis. J Steroid Biochem Mol Biol.
2014;142:155-170.

Sobacchi C, Menale C, Villa A. The RANKL-RANK axis:
a bone to thymus round trip. Front Immunol. 2019;10:629.
Goldshtein I, Ish-Shalom S, Leshno M. Impact of FRAX-
-based osteoporosis intervention using real world data.
Bone. 2017;103:318-324.

Silva RB, Eslick GD, Duque G. Exercise for falls and
fracture prevention in long term care facilities: a syste-
matic review and meta-analysis. ] Am Med Dir Assoc.
2013;14(9):685-689.

Benedetti MG, Furlini G, Zati A, Mauro GL. The Effective-
ness of Physical Exercise on Bone Density in Osteoporotic
Patients. BioMed Research International. 2018; Article ID
4840531.

Bogaerts A, Delecluse C, Boonen S, Claessens AL, Milisen
K, Verschueren SMP. Changes in balance, functional per-
formance and fall risk following whole body vibration tra-
ining and vitamin D supplementation in institutionalized
elderly women. A 6 month randomized controlled trial.
Gait Posture. 2011;33(3):466-472.

Lau RWK, Liao LR, Yu F, Teo T, Chung RCK, Pang MYC.
The effects of whole body vibration therapy on bone mi-
neral density and leg muscle strength in older adults:
A systematic review and meta-analysis. Clin Rehabil.
2011;25(11):975-988.

Bemben D, Stark C, Taiar R, Bernardo-filho M. Relevance
of Whole-Body Vibration Exercises on Muscle Strength
/ Power and Bone of Elderly Individuals. Dose Response.
2018; 16(4): 1559325818813066.

McMillan LB, Zengin A, Ebeling PR, Scott D. Prescribing
physical activity for the prevention and treatment of oste-
oporosis in older adults. Healthcare. 2017;5(4):E85.
McCann MR, Veras MA, Yeung C, et al. Whole-body vi-
bration of mice induces progressive degeneration of inte-
rvertebral discs associated with increased expression of



152

European Journal of Clinical and Experimental Medicine 2019; 17 (2): 146—152

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

11-1P and multiple matrix degrading enzymes. Osteoarthr
Cartil. 2017;25(5):779-789.

Marin-Puyalto J, Gomez-Cabello A, Gonzalez-Agiie-
ro A, et al. Is vibration training good for your bones?
An overview of systematic reviews. Biomed Res Int.
2018;2018:5178284.

Luo X, Zhang J, Zhang C, He C, Wang P. The effect of
whole-body vibration therapy on bone metabolism,
motor function, and anthropometric parameters in wo-
men with postmenopausal osteoporosis. Disabil Rehabil.
2017;39(22):2315-2323.

Silva CP Da. Whole body vibration methods with survi-
vors of polio. Jounal Vis Exp. 2018;140:e58449.
Marin-Cascales E, Alcaraz PE, Ramos-Campo DJ, Marti-
nez-Rodriguez A, Chung LH, Rubio-Arias JA. Whole-bo-
dy vibration training and bone health in postmenopausal
women: A systematic review and meta-analysis. Medicine
(Baltimore). 2018;97(34):€11918.

Rosa N, Simoes R, Magalhaes FD, Marques AT. From me-
chanical stimulus to bone formation: A review. Med Eng
Phys. 2015;37(8):719-728.

Takano-Yamamoto T. Osteocyte function under compres-
sive mechanical force. Jpn Dent Sci Rev. 2014;50(2):29-39.
Anwer S, Alghadir A, Zafar H, Al-Eisa E. Effect of who-
le body vibration training on quadriceps muscle strength
in individuals with knee osteoarthritis: a systematic re-
view and meta-analysis. Physiother (United Kingdom).
2016;102(2):145-151.

Cerciello S, Rossi S, Visona E, Corona K, Oliva E. Clinical
applications of vibration therapy in orthopaedic practice.
Muscles Ligaments Tendons J. 2016;6(1):147-156.

Xie P, Tang Z, Qing F, et al. Bone mineral density, micro-
architectural and mechanical alterations of osteoporotic
rat bone under long-term whole-body vibration therapy.
J Mech Behav Biomed Mater. 2016;53:341-349.

Butezloff MM, Zamarioli A, Leoni GB, Sousa-Neto MD,
Volpon JB. Whole-body vibration improves fracture he-
aling and bone quality in rats with ovariectomy-induced
osteoporosis. Acta Cirirgica Bras. 2015;30(11):727-735.
Lai C-L, Tseng S-Y, Chen C-N, et al. Effect of 6 months
of whole body vibration on lumbar spine bone density in
postmenopausal women : a randomized controlled trial.
Dove Med Press. 2013;8:1603-1609.

Stolzenberg N, Belavy DL, Beller G, Armbrecht G, Semler J,
Felsenberg D. Bone strength and density via pQCT in post-
-menopausal osteopenic women after 9 months resistive
exercise with whole body vibration or proprioceptive exer-
cise. ] Musculoskelet Neuronal Interact. 2013;13(1):66-76.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Von Stengel S, Kemmler W, Bebenek M, Engelke K, Ka-
lender WA. Effects of whole-body vibration training on
different devices on bone mineral density. Med Sci Sports
Exerc. 2011;43(6):1071-1079.

Shanb AA, Youssef EE, Muiadi QI, Alothman AA. Whole
body vibration versus magnetic therapy on bone mineral
density in elderly osteoporotic individuals. ] Back Muscu-
loskelet Rehabil. 2017;30(4):903-912.

Von Stengel S, Kemmler W, Engelke K, Kalender WA.
Effects of whole body vibration on bone mineral densi-
ty and falls: Results of the randomized controlled ELVIS
study with postmenopausal women. Osteoporos Int.
2011;22(1):317-325.

Gusi N, Raimundo A, Leal A. Low-frequency vibratory
exercise reduces the risk of bone fracture more than wal-
king: A randomized controlled trial. BMC Musculoskelet
Disord. 2006;7:1-8.

Beck BR, Norling TL. The effect of 8 mos of twice-weekly
low- or higher intensity whole body vibration on risk fac-
tors for postmenopausal hip fracture. Am J Phys Med Re-
habil. 2010;89(12):997-1009.

Liphardt AM, Schipilow ], Hanley DA, Boyd SK. Bone
quality in osteopenic postmenopausal women is not im-
proved after 12 months of whole-body vibration training.
Osteoporos Int. 2015;26(3):911-920.

Slatkovska L, Alibhai SMH, Beyene J, Hu H, Demaras A,
Cheung AM. Effect of 12 months of whole-body vibra-
tion therapy on bone density and structure in postme-
nopausal women: a randomized trial. Ann Intern Med.
2011;155(10):668-679, W205.

Verschueren SM, Bogaerts A, Delecluse C, Claessens AL,
Haentjens P, Vanderschueren D, et al. The effects of whole-
-body vibration training and vitamin D supplementation
on muscle strength, muscle mass, and bone density in in-
stitutionalized elderly women: A 6-month randomized,
controlled trial. ] Bone Miner Res. 2011;26(1):42-49.
Pasqualini M, Lavet C, Elbadaoui M, Vanden-Bossche
A, Laroche N, Gnyubkin V, et al. Skeletal site-specific ef-
fects of whole body vibration in mature rats: From dele-
terious to beneficial frequency-dependent effects. Bone.
2013;55(1):69-77.

Tan L, LiY, Dong X, Zhao B, Zhu D. Effect of 4-week who-
le body vibration on distal radius density. Chinese Med Sci
J. 2016;31(2):95-99.

Martin G, Saa Y de, Silva-Grigoletto ME da, Vaamonde D,
Sarmiento S, Garcia-Manso JM. Effect of whole body vi-
bration (WBV) on PTH in elderly subjects. Rev Andaluza
Med del Deport. 2009;2(1):1-6.



© Wydawnictwo UR 2019 http://www.ejcem.ur.edu.pl/en/
ISSN 2544-1361 (online); ISSN 2544-2406 European Journal of Clinical and Experimental Medicine
doi: 10.15584/ejcem.2019.2.8 Eur J Clin Exp Med 2019; 17 (2): 153-156

REVIEW PAPER

Elzbieta Ostaniska @ "8G Dorota Bartusik-Aebisher @ 2486 David Aebisher © 386,

Ewa Kaznowska @ 14ABFG)

Neoadjuvant therapy in breast cancer - objectives and tasks

! Clinical Department of Pathomorphology, Clinical Hospital No. 1 in Rzeszéw, Rzeszéw, Poland
2 Department of Biochemistry and General Chemistry, Faculty of Medicine, University of Rzeszéw,
Rzeszéw, Poland
3 Department of Photomedicine and Physical Chemistry, Faculty of Medicine, University of Rzeszéw,
Rzeszéw, Poland
4 Department of Pathomorphology, Faculty of Medicine, University of Rzeszéw, Rzeszéw, Poland

ABSTRACT

Introduction. Neoadiuvant therapy (NCT) in the treatment of breast cancer is employed for patients with early stage disease
or with inoperable disease. NCT can decrease the tumor volume. It can facilitate breast conservation therapy. Response to NCT
is a strong predictor of outcome breast cancer (BC). Direct target therapies has markedly improved the result of treatment BC.
Aim. Therapy for breast cancer continues to improve. The importance of tumor burden on local control rates will be in the future.
Material and methods. This analysis was performed using a systematic literature search.

Results. The latest scientific reports give hope for greater safety and a better life for patients based on optimized and effective
therapy.

Conclusion. Currently, improving the effectiveness of breast cancer treatment is mainly related to the optimal use of classic thera-
peutic strategies. New classes of substances have been approved for treatment or are in advanced stages of clinical development.
Keywords. neoadjuvant therapy (NCT), breast cancer (BC), triple negative breast cancer (TNBC)

Introduction The goals of NCT implementation

This work consists of a review of reports from the last - Down staging of large, unresectable tumors to sizes
5 years regarding progress in breast cancer (BC) di- that enable surgical resection.

agnostics and treatment.' In particular, progress in - Reduction in the size of the resected area.
reference to neoadjuvant therapy (NCT). BC is a het- - Ability to perform breast reconstruction or to plan
erogeneous disease with morphological and molecular reconstruction.

features that influence prognosis and response to treat- - Implementation of immediate treatment without co-
ment. NCT therapy is standard in patients with locally nvalescence after surgery which is necessary when
advanced BC and in inflammatory BC. the first form of therapy is a surgical operation.
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- NCT destroys any micro-metastases which limits
the risk of a tumor spreading.

- The ability to monitor response to treatment and
individualization of further proceedings.

In the absence of responses to treatment, the inclu-
sion of patients in clinical trials for new drugs is un-
dertaken. The evaluation of the response to treatment
with new drugs may serve as a marker (surrogate) of
routine therapeutic progress.”!! Diagnostic material
obtained by core biopsy, mammotomy biopsy (mam-
motome biopsy MB), stereotactic biopsy (stereotactic
biopsy-SBBO0), estrogen receptor (ER), progesterone re-
ceptor (pr), human epidermal growth factor receptor-2
(HER-2) and proliferation index (Ki67). Depending on
the condition of these parameters, the patient receives
hormonal trapping, cytostatics or immunotherapy.
Currently, the strategy of therapeutic treatment is the
assessment of predictive factors which aim to apply op-
timal treatment, and are prognostic, in order to predict
the time frame of the disease and without therapy. The
main prognostic factors in BC are: tumor size, number
of lymph node metastases, histological grading and sta-
tus of hormone receptors and HER-2 receptor, and Ki67
proliferative index. Other additional parameters include
the presence of DNA ploidy, mutation of the p53 gene,
cyclin-E, the presence of tumor cells in the peripheral
blood and bone marrow, vascular invasion and perineu-
ral spaces. These parameters, including the presence of
lymph node metastases, currently determine the type of
NCT therapy in BC. The effectiveness of NCT therapy
depends on the type of treatment implemented. Despite
the implementation of therapy based on these parame-
ters, in some cases resistance to treatment occurs. There
is hope in research on predictive and prognostic factors
based on disorders at the cellular level.**#43% In patients
with hormone-dependent cancer (ER +, PR +, HER-2)
and without lymph node metastases, molecular profiles
may be used (MammaPrint, Oncotype DX, Prosigna,
Brest Cancer Index (BCI), Endo Oredict Clin, Pam 50,
PEPI, uPA, PAI-1.249242735404647 They elicit patients with
low risk of relapse who do not need a follow-up chemo-
therapy and patients at risk of relapse. The prognostic
and predictive value is associated with the three-di-
mensional tumor (Tumor volume-Tv), which correlates
with the presence of metastases to the lymph nodes. Tv
is a better indicator of the presence of metastases than
T-assessment.! Functional Tumor Volume (FTV), mea-
sured using Magnetic Resonance Imaging (MRI), seems
to be a strong predictor in the assessment of cancer re-
currence after NCT. It can also be used to assess pCR
as well as postoperative pathomorphological assess-
ment. The use of MRI (Magnetic Resonance Imaging)
can be used as a method of assessing the effectiveness
of NCT treatment depending on the cancer subtype.
Evaluation is the pattern of shrinkage of tumor mass.

It can be concentric, nodular, or mixed all of which can
be seen in MRI. The pattern and intensity of tumor re-
duction can serve as an indicator of early response af-
ter NCT. There is a correlation with the BC biological
subtype.>***"* Breast MRI and Molecular Breast Imag-
ing (MBI) are imaging methods that allow for non-in-
vasive assessment of BC construction, pathophysiology
and biology. BC cells, in order to obtain energy, repro-
gram cell metabolism. These processes can become the
target of therapy. It can become a source of biomarkers
used in prognosing and monitoring treatment. Based on
the use of these imaging methods, early response to the
NCT used can be identified. This allows one to modify
the treatment. Research is still ongoing.>'"**** There is
a locally advanced BC relationship with type of vascu-
larization, which can be assessed in MRI. Asymmetric
crayfish (AIBV-Increase In Breast vascularity) is more
aggressive but more susceptible to NCT than BC with
symmetrical vascularity.

Persistent AIBV after NCT, even if the tumor de-
creases, is worse and requires more intensive NCT.? Re-
cent research has uncovered new therapeutic strategies
based on the evaluation of the androgen receptor (AR).
In triple-negative carcinomas (TNBC), despite obtain-
ing a pCR after NCT therapy, the presence of AR makes
them prognosticate better than AR negative cancers.**
Tumor Infiltrating Lymphocytes-TIL have a predictive
and prognostic value in BC TNBC or HER2+. In studies,
patients with higher levels of TIL had better therapeutic
effects. The survival time of patients with NCT trastu-
zumab and derivatives also increased. It may also herald
extensive research into BC immunotherapy.'»*?>%4 The
course of TNBC is aggressive compared to other can-
cers. There is also no correlation of tumor size with the
presence of lymph node metastases. TNBC is consid-
ered a cancer belonging to the BRCAness group. It is
characterized by profiles as in cancer with the BRCA-1,2
mutation.’®*® Research is under way on predictive and
predictive factors that may play a role in the treatment
of PARP inhibitors (platinum derivatives). Mainly in the
treatment of NCT TNCA BRCAness and BRC-1,2 mu-
tations.”*?>*42 Recent reports speak about the expres-
sion of mRNA in BRCA-1,2 negative carcinomas. It can
be a predictor of NCT with anthracyclines.'*! There are
reports of changes in the primary-immunohistochemi-
cal profile. This applies to the ER, PR and HER-2 recep-
tors. Therefore, it is recommended to evaluate receptors
in a tumor that has undergone NCT and to evaluate
receptors in lymph node metastases. This is to check
the actual state of the receptors. The patients who had
a PIK3CA mutation after NCT had less chance of sur-
vival than those that have lost the mutation.’” Some re-
ports indicate that there is a relationship between the
high values of KI-67 in patients who are to receive NCT.
These patients have TNBC and BC Her-2+ and receive
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anthracyclines and taxanes. The higher the KI-67 value,
the more likely the pCR is after using these chemother-
apeutics. This also applies to hormone-dependent can-
cers with high kI-67. The inclusion of chemotherapy in
these patients results in a higher percentage of pCR.**%

Conclusion

Currently, improving the effectiveness of breast cancer
treatment is mainly related to the optimal use of classic
therapeutic strategies. New classes of substances have
been approved for treatment or are in advanced stages
of clinical development. It is very important to establish
molecular predictors for these substances. It will help
physicians to find the best therapeutic option
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ABSTRACT

Introduction. The non-diphtherial corynebacteria (diphtheroids, “coryneform” bacteria) have been increasingly recognized as
causative agents of human infections.

Aim. To provide an overview of the role of non-diphtherial Corynebacterium species in human infections.

Material and methods. Analysis of the literature data found in the PubMed database.

Results. The role of diphtheroids - inherently low-virulent microorganisms considered members of the human microbiota - as
potential pathogens has been linked to specific risk factors including immunosuppression, implantation of biomaterials and in-
vasive medical procedures. Their pathogenic potential is primarily associated with frequent multidrug resistance, the ability to
adhere to biotic and abiotic surfaces and/or to form biofilm as well as with internalization, intracellular survival and persistence
within human cells. The most common infections include bacteremia, sepsis, endocarditis, meningitis, urinary tract infections,
respiratory tract infections, wound and skin infections, and endophthalmitis. The leading species are C. jeikeium, C. striatum,
C. urealyticum, C. amycolatum, and C. pseudodiphtheriticum.

Conclusion. Opportunistic corynebacteria can be responsible for a wide range of infections which can be expected to increase
in frequency in the future due to an enlarging population of patients with predisposing risk factors but also due to the increas-
ing problem of antibiotic resistance in this group of bacteria.

Keywords. coryneform, diphtheroids, opportunistic corynebacteria

Introduction

The non-diphtherial corynebacteria (also known as
diphtheroids, or “coryneform” bacteria) have been in-
creasingly recognized as causative agents of opportunis-
tic and nosocomial infections within recent years.'” The
bacteria are considered members of the human micro-
biota.>”

Aim
The aim of this review is to discuss the role of non-diph-
therial corynebacteria as potential human pathogens.

Description of the subject literature
The review was prepared by the analysis of the literature
data found in the PubMed data base using the following
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keywords: diphtheroids, coryneform, opportunistic cory-
nebacteria, Corynebacterium jeikeium, Corynebacterium
striatum, Corynebacterium amycolatum Corynebacteri-
um minutissimum, Corynebacterium urealyticum, Cory-
nebacterium pseudodiphtheriticum, antibiotic resistance.
This literature analysis spans the years 1990 to 2019.

Literature analysis
The role of non-diphtherial corynebacteria - inherent-
ly low-virulent microorganisms - as potential pathogens
has been predominantly linked to specific risk factors. The
compromise of the host immune system is considered the
leading predisposing factor. Immunosuppression is ob-
served in many patient groups including patients with the
bone marrow suppression, malignancies, in transplant re-
cipients, those who are treated with corticosteroids and
in heavily antibiotic-experienced patients. The develop-
ment of opportunistic infections is also favored in patients
suffering from debilitation, diabetes, extensive trauma,
wounds, burns, and HIV infection. Implantation of vascu-
lar grafts, prosthetic heart valves, and joint endoprosthesis
also increases the risk of infection development. Invasive
medical procedures posing a risk of the introduction of
the skin and/or mucosal microbiota into sterile body sites
are considered an additional risk factor.*>%°

In addition to host factors, microbial determinants
of pathogenicity contribute to the increasing role of
diphtheroids as medically relevant microorganisms. Al-
though the pathogenesis of non-diphtheriae Corynebac-
terium infections remains poorly understood and little
is known about their virulence factors, there are sever-
al aspects linked to their increasing pathogenic poten-
tial. The leading aspect of this potential is a frequent
multidrug antibiotic resistance of coryneform bacteria.
The ability to adhere to biotic and abiotic surfaces and/
or to form biofilms in which bacteria are protected both
against antimicrobial agents and the host immune re-
sponses are also considered an important strategy pro-
moting the involvement of bacteria in both medical
devices- and tissue-associated chronic infections.>*>7%1>
Moreover, recently, the in vitro pattern of adherence, in-
ternalization, intracellular survival and persistence of C.
pseudodiphtheriticum within human epithelial cells has
been demonstrated.'

The most frequent infections caused by opportunistic
Corynebacterium spp. include bacteremia, sepsis, endo-
carditis, meningitis, urinary tract infections, respiratory
tract infections, wound, skin infections and endophthal-
mitis (Table 1). Based on the literature data, reporting
cases of bacteremia in hospitalized patients, it can be con-
cluded that the leading species involved in the etiology
are C. jeikeium, C. striatum, and C. amycolatum.'”*°

Treatment of bacteremia caused by C. jeikeium can
be problematic due to its resistance to a variety of anti-
biotics including beta-lactams, macrolides, licosamides,
tetracycylines, aminoglycosides. Nevertheless, bacterial
strains belonging to this species tend to remain sensi-
tive to vancomycin. Satisfactory therapeutic effects have
also been observed following administration of dapto-
mycin - a novel lipopeptide antibiotic, although dapto-
mycin-resistant strains have already been identified.*

Bacteremia is also important in the development of
infective endocarditis. Clinical manifestations of endo-
carditis caused by diphtheroids initially can be of low
specificity and follow a chronic course. C. jeikeium is a
species which deserves special attention when prosthet-
ic valve endocarditis is concerned. In cases analyzed, the
period between the onset of symptoms and the diagnosis
of infectious endocarditis (defined as subacute) usually
ranged between 1 to 3 months. In early endocarditis, in
turn, the symptoms developed in more than half of the
patients within 60 days after the prosthetic valve implan-
tation; the mortality rate was 38%, whereas late endocar-
ditis was associated with a mortality rate of 33%.*'

C. striatum is another species involved in the etiology
of prosthetic valve endocarditis. A long hospital stay has
been identified as an important risk factor for the devel-
opment of this type of infection. The association between
placement of prosthetic valves and the isolation of C. stri-
atum from the site of the infection was observed for 50%
of analyzed patients. * Another important issue associ-
ated with endocarditis of this etiology, was the develop-
ment of embolism in up to one third of patients.

C. amycolatum can also be involved in the etiology of
bacteremia and infective endocarditis. Due to a frequent
multidrug resistance of this species, import information
on the effective treatment is presented in the case report
in which daptomycin was combined with rifampicin.?

Table 1. The most common sites of human infections caused by the opportunistic Corynebacterium species

Sites of infection

Corynebacterium species

- bacteremia
- endocarditis
- infections with different locations

C. jeikeium
C. striatum
C. amycolatum

- urinary tract
- infections with different locations

C. urealyticum

- respiratory tract
- infections with different locations

C. pseudodiphtheriticum

- skin
- infections with different locations

C. minutissimum
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C. minutissimum is the frequent causative agent of
life-threatening infections associated with bacteremia in
neutropenic, HIV- infected patients, transplant recipi-
ents or in patients suffering from malignancies. Infections
caused by this species can be invasive, and present as men-
ingitis, glomerulonephritis, or cellulitis. In analyzed cas-
es the portals of entry were most probably central venous
catheters, peritoneal dialysis, hemodialysis. Most infected
patients were effectively treated with vancomycin.****

C. coyleae, represents a diphtheroid species linked
to bacteremia in immunocompromied patients; it is fre-
quently isolated from the bloodstream of hospitalized pa-
tients. The predominant types of infections caused by this
species include cellulitis, bacteriemia in adults and ne-
onates, sepsis. C. coyleae strains can demonstrate MLS,
resistance phenotype (macrolide-lincosamides-group B
streptogramins), conferred by the ermX gene.”

It should be noted that diphtheroid species identi-
fication is nowadays facilitated by molecular methods.
Their implementation in the microbiological diagnos-
tics allowed to identify new Corynebacterium species,
mainly isolated from the blood and exemplified by C.
tuscaniae, C. ureicelerivorans, C. timonensez, C. falsenii,
and C. musteale.”!

Opportunistic Corynebacterium ssp. can also be in-
volved in the etiology of urinary tract infections (UTIs).
The predominant species is a lipophilic C. urealyticum as-
sociated with UTTs in immunocompromised patients, pa-
tients who underwent urological procedures or those with
previous episodes of UTIs. Infections caused by C. urea-
Iyticum are usually diagnosed in the hospital setting and it
is assumed that they have an association with the previous
colonization of the skin. Important hallmarks facilitating
the recognition of this etiologic agent of UTI include the
presence of the magnesium-ammonium phosphate (stru-
vite) crystals in the urine which contribute to the forma-
tion of renal stones and alkaline urine pH resulting from
the profuse production of bacterial urease.***

Large amounts of the produced struvite crystals can
be deposited on the wall of the bladder which can sub-
sequently lead to the development of encrusting cystitis
which frequently follows a chronic course, and is asso-
ciated with interference in urine flow, dysuria, suprapu-
bic and flank pain, and hematuria. Fever develops only
in 25-50% of infected patients. The diagnosis is based
on the examination of area and thickness of calcifica-
tions on the surface of the bladder mucosa. In reported
cases, infected patients had been previously subjected to
the diagnostic or therapeutic urinary procedures which
facilitated transmission of C. urealyticum for the skin.
The encrusting cystitis or pyelonephritis were recog-
nized between 5 days and 3 years after the aforemen-
tioned urological procedure.”*

C. urealyticum can demonstrate different antibiotic
resistance profiles including multidrug resistance. Nev-

ertheless, it is commonly sensitive to vancomycin and
teicoplanin which is effectively used in the treatment of
infections caused by this species.’**

Respiratory tract infections (RTIs) are most com-
monly caused by C. pseudodiphtheriticum - a member
of the normal microbiota of the human nasopharynx.
It tends to cause RTTs in immunocompromised patients
and in cystic fibrosis patients. It can also cause noso-
comial infections in patients with tracheal intubation.
In the reported cases of infections caused by C. pseu-
dodiphtheriticum particular attention has been drawn to
the predisposing factors including congestive heart fail-
ure, chronic renal insufficiency, diabetes, malignancy,
obstructive pneumonia, previous infection with Chla-
mydia pneumoniae. In one thirds of infected patients
the diphtheroid infection was accompanied by the rise
in the body temperature > 37°C and an acute course.
C. pseudodiphtheriticum has been isolated from the spu-
tum but not from the bloodstream.>”*

The second most frequent diphtheroid species in-
volved in the etiology of RTIs, especially in the hospi-
talized patients, undergoing long courses of antibiotic
therapy, is C. striatum. This species includes 14 geno-
types. Strains representing types A, D, and E have been
predominantly associated with hospital-acquired infec-
tions. Subtypes A1, A2, D2, and E tend to be resistant to
erythromycin, tetracycylines, rifampicin, ciprofloxacin,
and they present a varied degree of resistance against
beta-lactams and aminoglycosides. Similarly to other
diphtheroid species, in turn, C. striatum remains sensi-
tive to vancomycin. C. striatum is considered an import-
ant multidrug resistant pathogen which is transmitted
between hospitalized patients and medical personnel.
Its involvement in human infections is also frequently
associated with catheterization, intubation and immu-
nosuppression.**

It has been estimated that Corynebacterium spe-
cies inhabiting the human skin account for more than
half of microorganisms constituting the skin microbiota
devoid of significant pathogenic potential. Skin infec-
tions can be caused by C. minutissimum - the causative
agent of erythrasma. This species leads to development
of scaly lesions in the axilla which can be misdiagnosed
as a fungal infection. Nevertheless, this diphtheroid can
also cause mixed infections along with dermatophytes
and Candida albicans. Moreover, C. minutissimum can
be transferred from the erythrasma foci and, particu-
larly in immunocompromised individuals, it can lead
to development of bacteremia, meningitis, endocarditis,
cellulitis, or pyelonephritis.***

Pitted keratolysis is another example of the skin in-
fections caused by diphtheroids. This type of infection
does not involve deeper layers of the skin which was ev-
idenced by the observation of clinical samples under
the electron microscope. The presence of bacteria was
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detected within keratinocytes, and granular changes of
keratohyalin were associated with the proteolytic activ-
ity of bacteria. Other corynebacteria species involved
in the development of skin lesions include C. striatum
(extensive, erythema lesions with irregular edges), C.
pseudodiphtheriticum (ulcers). The non-diphtherial co-
rynebacteria can additionally be involved in the devel-
opment of chronic wound infections.****

Implant and prosthetic joint infections are indica-
tive of adherence capabilities of Corynebacterium spp. It
has been reported that C. massiliense isolated from the
synovial fluid was associated with the prothetic joint in-
fection, whereas C. xerosis was involved in the etiology
of the cardioverter-defibrillator implant and led to the
development of bacteremia.?*>

Opportunistic corynebacteria also constitute a sig-
nificant problem in ophthalmology. Literature data
present cases of endophtalmitis associated with this
group of bacteria.”*° For example, Ferrer et al. have dis-
cussed a case of postoperative C. macginleyi endophtal-
mitis. This microorganism was identified with the use
of the PCR assay and the analysis of the 16rRNA gene
sequence with the lack of growth in the conventional
culture.*” Quin et al,, in turn, reported a case of posttra-
beculectomy bleb-related infection associated with Co-
rynebaterium macginleyi.”

Conclusions

Based on the literature, the non-diphtheria corynebacte-
ria can be responsible for a wide range of human infec-
tions which can be expected to increase in frequency in
the future due to an enlarging population of patients with
predisposing risk factors but also due to the increasing
problem of antibiotic resistance in this group of bacteria.
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ABSTRACT

Introduction. Labial salivary gland biopsy is used for diagnosis of Sjogren’s syndrome (SS) and lymphoma accompanying SS.
Aim. The aim of this study was to present the main techniques used for taking labial salivary gland biopsies in the diagnosis
of SS with respect to their advantages, histologic criteria, validation, complications, and their usefulness for diagnostic proce-
dures, monitoring disease progression, and treatment evaluation.

Material and methods. This study is based on analysis of literature.

Results. The microscopic confirmation of SS is based on the presence of focal lymphocytic sialadenitis (FLS) with a focus score
>1 per 4 mm? of glandular tissue. A lymphocytic focus is defined as a dense aggregate of 50 or more lymphocytes adjacent to
normal-appearing mucous acini in salivary gland lobules that lacked ductal dilatation. Other histopathological features of SS
are lymphoepithelial lesions and a relative decrease of <70% IgA + plasma cells. Labial salivary gland biopsy is characterized by
high specificity, a positive predictive value, and an average sensitivity of 79% in SS.

Conclusion. It can be also valuable in diagnosing B-cell mucosa-associated lymphoid tissue (MALT) lymphomas but it is not
recommended for the monitoring of SS progression and the effectiveness of the treatment. Persistent lower lip hypoesthesia
is the most severe complication of labial salivary gland biopsy.

Keywords. biopsy, labial glands, salivary glands, Sjogren’s syndrome

Introduction

Labial minor salivary gland biopsy (LSGB) is used for
the diagnosis of systemic disorders, such as amyloidosis,
sarcoidosis, Sjogren’s syndrome (SS), lymphoma accom-
panying SS, and other connective tissue disorders, and
also to confirm neonatal haemochromatosis.' The final

antibody positivity and focal lymphocytic sialadenitis
(FLS) with a focus score of 1 foci/4 mm?, each scoring
3; an abnormal ocular staining score of 5 (or a van Bi-
jsterveld score of 4), a Schirmer’s test result of 5 mm/5
minutes, and an unstimulated salivary flow rate of 0.1
ml/minute, each scoring 1. Individuals with signs and/

classification criteria of SS, which was approved by the
American College of Rheumatology (ACR) and the Eu-
ropean League Against Rheumatism (EULAR) in 2016,
is based on the weighted sum of 5 items: anti-SSA/Ro

or symptoms suggestive of SS who have a total score of
4 for the above items meet the criteria for primary SS.>?
Although LSGB is considered a minor procedure, its
results may have a significant impact on the diagnosis
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of SS, and the lack of uniformity in methodology and
potential adverse effects have hindered its application.
There is no standardized technique that yields adequate
tissue for analysis and minimizes adverse effects.

Aim

The aim of this study was to summarize the main tech-
niques used for taking labial salivary gland biopsies in
the diagnostic workup of SS with respect to their advan-
tages, histologic criteria, validation, complications, and
their usefulness for diagnostic procedures, monitoring
disease progression, and treatment evaluation.

Histologic criteria for diagnosis of SS on labial
salivary gland biopsies

SS is an autoimmune disease characterized by chronic
T-and B-cell infiltration of the salivary glands or lachry-
mal glands, leading to exocrine gland dysfunction with
symptoms and signs of dry mouth and keratoconjuncti-
vitis sicca.*"" Patients may present with variable combi-
nations of systemic extra-glandular manifestations such
as peripheral neuropathy, arthralgia and lung disease. SS
is often difficult to diagnose, as the clinical and labora-
tory manifestations vary widely. None of the laboratory
markers are both sensitive and specific. However, sev-
eral sets of classification criteria have been developed
over the last few decades. All these sets combine clinical
findings, serological tests, and a histological evaluation
of salivary gland involvement. In all previous classifica-
tions, both objective and subjective tests were included
in diagnosis of SS.*'* The current classification is based
only on an objective clinical, serological and histopatho-
logical test. LSGB is an objective test of SS and plays
a significant role in the diagnostic process. In fact, the
presence of either anti-SSA/SSB seropositivity or a pos-
itive lip biopsy is a requirement for an individual to be
classified as having SS. The microscopic confirmation of
SS is based on the presence of focal lymphocytic sialad-
enitis (FLS) with a focus score 21 per 4 mm? of glandu-
lar tissue.

According to the revised American-European Con-
sensus Group’s (AECG) classification criteria and the
ACR classification criteria for SS, a labial salivary gland
biopsy is considered positive if minor salivary glands
demonstrate FLS, with a focus score of 1 or more, as
evaluated by an expert histopathologist. A lymphocytic
focus is defined as a dense aggregate of 50 or more lym-
phocytes adjacent to normal-appearing mucous acini in
salivary gland lobules that lacked ductal dilatation.>*!>'¢
FLS is applied to specimens that show the presence of
1 or more foci of lymphocytes located in periductal
and perivascular locations. The foci can contain plas-
ma cells, but these must be a minority constituent of the
inflammatory infiltrate. The focus score can be calcu-
lated for those specimens showing the histopatholog-

ic appearance of FLS. The number of lymphocytic foci
is then determined for all the gland lobules in a single
tissue section. The focus score is then calculated as the
number of foci per square millimeter of glandular tissue
multiplied by four, which then yields foci/4mm? A fo-
cus score of 1 equates to 1 focus/4 mm? To determine
the focus, a calibrated eyepiece grid or image analysis
software with a closed polygon tool is used. FLS has to
be distinguished from nonspecific chronic sialadenitis.
The symptoms of non-specific sialadenitis are mild to
moderate acinar atrophy, interstitial fibrosis, and duc-
tal dilatation, with lymphocytes and macrophages of-
ten scattered in the parenchyma, but not forming dense
aggregates of 50 or more lymphocytes immediately ad-
jacent to normal-appearing acini.'” In addition to the fo-
cus score (FS), two scoring systems for salivary glands
are in use for the diagnosis and classification of SS.
These systems are based on the presence of foci. Grad-
ing according to Tarpley’s system involves destruction
of acinar tissue and fibrosis.”” Grading according to the
Chisholm and Mason system is based on the presence
of infiltrates from slight to one or more foci.'® There are
also other histopathological features in the labial glands
that are associated with SS and therefore might be indic-
ative of this disease. Lymphoepithelial lesions (LELs) are
striated ducts, which are infiltrated by lymphocytes with
concurrent hyperplasia of the epithelial cells. They are
found both in parotid and labial glands, and are more
representative of parotid glands than labial glands. Be-
sides LELs, the salivary gland of SS patients also pres-
ents a relative decrease in IgA * plasma cells. Several
studies showed that a relative decrease of <70% IgA *
plasma cells was more sensitive and more disease spe-
cific than the FS. Both features can help assess the sal-
ivary gland biopsies for the diagnosis of SS, especially
when the FS in the biopsy is <1."” The tissue specimens
should be immediately placed in a wide-mouthed con-
tainer, coded, and fixed in a generous amount of 10%
formalin buffered saline for 24h. There is no standard-
ization of labial salivary gland biopsies in SS, but Fox
noticed several points of importance in LSGB."” The
first issue refers to a sufficient amount of glandular tis-
sue. A reasonable compromise is four glands, although
aminimum sized evaluable surface area (8mm?) may be
achieved with 2-3 glands. The largest possible area to be
sampled would give the best results, but a larger opera-
tive field increases the surgical risk. On the other hand,
some glands may be atrophic or damaged, and the vol-
ume of the material obtained through the biopsy should
be sufficient to overcome this artefact and achieve a val-
id result. It is more recommended to evaluate multiple
different lobules than to concentrate on a single abnor-
mal lobule, which may not be typical of the entire gland.
In routine management, H&E staining is used in order
to determine these structures. For clinical trials, addi-
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tional staining with CD21 as well as CD20 and CD3 is
required. CD21 is a marker of follicular dendritic cells.
Germinal centers should be reported and pathologists
are advised to use caution in order to avoid overestimat-
ing germinal centers by relying solely on CD21.2*! Fur-
thermore, the distribution of the inflammatory cells in
the gland may be uneven. Considering this uneven dis-
tribution, a single tissue section may result in underdi-
agnosis. While increasing the number of sections has
the potential to reduce this problem, the optimal num-
ber of sections has yet to be determined. Some research
suggests taking labial salivary glands at different depths
from the same incision. FS can change significantly at
different tissue depths within the minor salivary glands.
Multiple sections for LSGB increase the diagnostic val-
ue and are more representative than a single section.”

Indications for LSGB and its usefulness in SS

LSGB is characterized by quite high specificity, a posi-
tive predictive value, and an average sensitivity of 79%
in SS.% In other studies, the sensitivity and specificity
are reported at 86.7% and 97.4%, respectively.** The sen-
sitivity and specificity of labial salivary gland biopsies
vary in the literature. Data from different studies are of-
ten difficult to compare, because different sets of crite-
ria for diagnosing SS have been used and the outcome
of the labial biopsy is a strong determinant for the fi-
nal diagnosis. In the normal population, labial biopsy
resulted in 6% to 9% false-positive diagnoses; 18% to
40% of the patients with a clinical diagnosis of SS have
a negative labial biopsy, resulting in a sensitivity of 60%
to 82% and a specificity of 91% to 94%. In some cases,
a positive histologic confirmation in LSGB does not cor-
respond with serologic positivity for SSA or SSB. Thus,
clinicians avoid performing LSGB in most patients with
positive SSA/SSB serology.***” On the other hand, clini-
cal presentation of sicca symptoms and positive serolo-
gy reliably predicted the results of a lip biopsy.* Taking
both symptoms and serology into consideration is more
likely to yield an accurate clinical picture than either one
alone. Several studies have questioned the utility based
on the invasiveness of the procedure and the high rate of
pathologic misinterpretation.”” Moreover, patients with
a typical presentation of SS do not derive any addition-
al benefit from a lip biopsy. A positive serologic result
and a positive ocular test make the taking of a LSGB
redundant and only in case of a negative serologic out-
come or a negative result in the ocular test is a LSGB is
indicated.”® These divergent results are reported mainly
in the initial stages of SS or in patients with low focus
score.”® Lack of adequate tissue can also lead to misdi-
agnosis or lack of diagnosis. Moreover, a possible cause
of these divergent results between clinical and serologi-
cal symptoms and LSGB could be the fact of taking im-
munosuppressive medications and steroids. There is a

stronger correlation between the lip biopsy and clinical
presentation of sicca with positive serology, suggesting
that corticosteroids may have a tendency to confound
biopsy results. The use of high-dose corticosteroids can
not only relieve a patient’s symptoms of SS, but also
decrease the lymphocytic infiltrate of a second minor
salivary gland biopsy. To avoid the confusion of false
negatives, clinicians should be wary of performing a lip
biopsy in patients on immunosuppression with clear
criterion for SS.* High specificity and sensitivity make
LSGB particularly useful for patients with inconclu-
sive clinical findings, incipient forms of the syndrome,
SS with negative anti-Ro/la serology, and extra-glandu-
lar involvement.”® Moreover, LSGB can be valuable in
diagnosing B-cell mucosa-associated lymphoid tissue
(MALT) lymphomas, which very rarely accompany SS.
4% to 7% of patients with SS develop malignant B cell
lymphoma, 48% to 75% of which are of the MALT type.
These B-cell lymphomas are more frequently located in
the parotid glands than in labial glands.” Furthermore,
LSGB may be a very useful in diagnosis of SS in chil-
dren. Histopathological evidence of typical FLS is also
considered by some pediatric rheumatologists to be the
gold standard in the diagnosis of childhood SS.*° Unfor-
tunately, LGB is not recommended for monitoring dis-
ease progression and treatment evaluation.

Anatomical implications and complications
Minor salivary glands are widely distributed in the la-
bial, buccal, and palatal mucosa of the oral cavity. Mi-
croscopic findings involving lymphocytic infiltration
surrounding the excretory ducts in combination with
the destruction of acinar tissue are representative for all
minor salivary glands and are pathognomonic chang-
es for SS. Lip salivary glands are largely used for assist-
ing the diagnosis of SS, because they are easily accessible
and lie above the muscle layer. They are separated from
the oral mucous membrane by a thin layer of fibrous
connective tissue. Orientation and identification of
glandular tissue is easiest. The risk of excessive postop-
erative bleeding is decreased because the arterial supply
to the lip lies deep.

One of the most severe complications of LSGB is
sensitive nerve injury. This localized sensory alternation
can be described as an anesthesia, a reduced or partial
loss of sensation, a transitory numbness or a hypoesthe-
sia. These sensations can last for a few months or can be
permanent. Persistent lip numbness occurs in up to 6%
of biopsies performed in the lower lip.> The branches of
the mental nerve in the lower lip are closely associated
with the salivary glands and this anatomical relationship
increases the risk of postoperative sensory sensations.
Additionally, the branch of the mental nerve usually di-
vides into 2 sub-branches: a horizontal and a vertical,
which have an ascending course toward the vermillion
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border and are in close relation to the labial salivary
glands. Incisional biopsies shorter than 2 cm performed
with a scalpel have reported complications ranging
from 0% to 9.3%, whereas those using larger incisions
(2-3 cm) have described complications in the range of
3.7-31%. Transient disorders of lip sensitivity are found
to occur in up to 11.7% of procedures. Persistent lower
lip hypoesthesia is reported in about 3.4-4% of cases.”
Larger incisional biopsies and punch biopsies are asso-
ciated with a higher risk of both transient and persistent
lower lip numbness. Other possible complications of
LSGB are less severe, usually transient or temporary,
and are associated with localized postoperative inflam-
mation or improper healing. The symptoms of postop-
erative inflammations are local pain and swelling. Blood
vessel injuries result in external hematoma. The possible
delayed complications are the formation of granulomas,
internal scarring and cheloid formation. Some patients
can report burning or tingling sensations, and function-
al deficits during the immediate postbiopsy period such
as eating, sleeping or speech difficulties.”

Surgical technique and approaches

Labial gland biopsy can be a excisional or incisional
technique. The most recommended site is normal-ap-
pearing mucosa of the lower lip. A wide range of surgi-
cal approaches have been described for harvesting a few
accessory glands from the lower lip using different in-
struments such as a scalpel, a punch or cup forceps. The
use of a forceps with a fenestrated active end to stabilize
the lip has also been suggested.’ The excisional biopsy is
carried out by excising an ellipse of oral mucous mem-
brane down to the muscle layer. Ideally, 6 to 8 minor
glands must be harvested and sent for histopathologic
examination. The wound should be closed with 4-0 silk
sutures, which are removed after 4 to 5 days. The mod-
ification of this method is the technique with a mucosal
excision of 3.0 x 0.75 cm. Another recommended tech-
nique is a 1.0 to 1.5 cm wedge-shaped excision of the
mucosa between the midline and commissure. The inci-
sional biopsy is described as a 1.5-2.0 cm linear incision
of mucosa, parallel to the vermillion border and lateral
to the midline. Gorson and Ropper reported a 1-cm ver-
tical incision just behind the wet line through the muco-
sa and submucosa.’ It is usually that case that the lateral
lip compartments are advocated for biopsy, because of
the glandular-free zone in the center of the lower lip.
Berquin et al.,, described an oblique incision, starting
1.5 cm from the midline and proceeding latero-inferi-
orly to avoid the central glandular-free zone.** Accord-
ing to Saruhanoglu et al., the vertical incision technique
is associated with less pain, less swelling, less scar for-
mation and less difficulty in eating when compared with
the horizontal incision technique.” There is insufficient
evidence to support the superiority of one technique

over the others and the shape and the size of the incision
can be considered a matter of preference.** The incision
shape includes elliptical, circular, linear, horizontal, ver-
tical, and wedge shapes and the incision length varies
from a few millimeters to 2 cm.

Another recommended modification using loupe
operation glasses to precisely excise the salivary glands
without disturbing the direct underlying sensible
nerves. The alternative technique to scalpel biopsy is the
minor salivary gland punch biopsy. This biopsy can be
performed by a single operator, and it is less expensive
than classical scalpel biopsy. This technique consists of
obtaining the biopsy from the buccal side of the lower
lip, which is stabilized by the patient him/herself using
a4-5 mm punch, which permits the retrieval of a cylin-
der of tissue up to 8 mm in length.” The punch biopsy
is suggested because of the absence of risk to the pa-
tient and because of its simplicity. However, according
to Varela-Centelles et al., punch biopsies did not provide
enough material for diagnosis of Sjogren’s syndrome.
Moreover, the findings of this study strongly discour-
aged the punch technique for minor salivary gland lip
biopsy and provided information on the superiority of
the linear incisional biopsy in terms of neural damage.”

Based on our own clinical experience, I suggesta 1.0
to 1.5 cm linear, horizontal incision of mucosa parallel
to the vermillion border and lateral to the midline with
the tip of a 15 scalpel. The lower lip should be retract-
ed and everted under tension to expose the inner sur-
face and allow visualization of the minor salivary glands
just to the depth of the mucosa. Local anesthesia in-
jected submucosally with 0.5 to 1.0 ml of 1% lidocaine
with 1:200000 epinephrine is sufficient. The anesthesia
hydro-dissects and lifts the mucosa away from the sal-
ivary glands, provides delivery of local anesthetic di-
rectly to sensory nerve fibers and temporarily displaces
small vessels deep in the glands to promote hemosta-
sis and visualization during the dissection. In this tech-
nique both margins of incision should be gently crafted
to access the submucosal layer. This stage of procedure
can be performed using blunt-tipped iris scissors by
spreading in a plane perpendicular to the mucosal in-
cision and parallel to the direction of the sensory nerve
fibers. In my opinion this technique is fast, simple and
leaves a small scar. The linear incision secures a good
adherence of wound margins and proper and fast heal-
ing. Unfortunately, this method is not effective in small
amounts of salivary glands. It is difficult to find the suf-
ficient amount of labial glands. Moreover, it may be dif-
ficult to harvest a sufficient number of labial salivary
glands in atrophic mucosa of patients with long-stand-
ing SS. Furthermore, the recommended method is
a 1 cm lenticular incision of mucosa, lateral to the mid-
line, and removal of the mucosa to uncover the submu-
cosal layer and obtain a few adjacent salivary glands.
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This technique ensures good visibility into the operating
field to avoid blood vessels and nerve injures. This in-
cision provides adequate glandular tissue for diagnosis.
The wound should be closed by a few non-resorbable,
single, interrupted stitches. One very important issue
is to harvest only labial salivary glands without muscu-
lar or other tissues. It is the most valuable specimen for
histopathological examination, because it only includes
glandular tissue. Additionally, this technique decreases
the risk of nerve damage and postoperative pain and as-
sures successful healing. Sensory nerve fibers are almost
always visible just below the plane of dissection and care
should be taken to identify and preserve them. The next
very important issue is not to puncture the labial glands
in order to reduce the risk of mucocele formation. It is
even better to remove all visible labial salivary glands
from the operating field before suturing in order not to
damage the glands or their ducts. Patients should also
avoid taking steroids before the biopsy. The factors po-
tentially contributing to a false-negative rate include the
use of oral steroids that may result in immunosuppres-
sion and confound histopathologic results.'®

Alternative salivary gland biopsies in SS

The selection of the best surgical approach in terms of
related morbidity is hampered by the absence of com-
parative studies and the proliferation of descriptive pa-
pers that do not state negative outcomes associated with
the technique used. Moreover, reports describing the
percentage of surgical complications have limited va-
lidity due to the lack of standardizations when defining
and categorizing the complications in accordance with
their severity.

The main alternative types of salivary gland biopsies
in SS are parotid gland biopsy and sublingual gland bi-
opsy. Parotid gland biopsy allows the clinician to moni-
tor the disease progression and to assess the effect of an
intervention treatment in SS. Parotid tissue can be har-
vested easily, repeated biopsies from the same parotid
gland are possible, and the histopathologic results can
be compared with other diagnostic results derived from
the same gland, such as secretory function, sialographic
appearance and ultrasonography. Furthermore, parot-
id biopsy is better in the identification of lymphomas.”
The main possible complications are facial nerve dam-
age, Frey’s syndrome and development of sialoceles and
salivary fistulae. A temporary change in sensation in the
skin area of the incision is also a well-documented com-
plication after parotid biopsy. Some patients might also
develop preauricular hypothesia, although this is usually
temporary. Furthermore, in SS, the salivary gland tissue
is replaced by fatty tissue, and the risk of harvesting fatty
tissue is thereby increased if done by inexperienced phy-
sicians.”* Parotid biopsy is particularly recommended
in pediatric patients in whom SS is suspected and who

have a negative minor salivary gland biopsy result. In-
cisional biopsy of the parotid gland overcomes most of
the disadvantages of labial biopsy. When evaluating the
parotid and labial biopsy, sensitivity and specificity are
comparable, estimated to be 78% and 86%, respective-
ly.»* Comparative studies suggest that both procedures
— sublingual and parotid biopsy - retain a diagnostic
potential comparable to that of lip biopsy and may be
associated with lower postoperative morbidity. A com-
parison of sublingual gland biopsy with labial gland bi-
opsy is better than that of labial gland biopsy, whereas
the specificity of the latter is greater than that of the
former. Sublingual gland biopsy is a relatively safe pro-
cedure, although the postoperative complications of
sublingual salivary gland biopsy include ligaturing the
Wharton duct, resulting from the placement of sutures,
bleeding and swelling in the floor of the mouth. Dam-
age to the lingual nerve related to this biopsy technique
has never been reported in the literature. No special-
ized histopathologic criteria have been established for
the diagnosis of SS after a sublingual gland biopsy, and
researchers merely used the criteria for labial gland bi-
opsies. 25340

Conclusions

Labial salivary gland biopsy is an integral part of diagnosis
of Sjogrens syndrome, but it has a limited value for moni-
toring of the disease progression and for an assessment of
effectiveness of the treatment. The standardization of the
surgical technique and the histopathological examination
can increase the diagnostic value of the biopsy.
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ABSTRACT

Introduction. Huntington’s disease is a rare neurodegenerative disease, inherited in an autosomal dominant manner. Every
child in the family whose parent is a carrier of the mutant gene has a 50% risk of inheriting the disease. Genetic tests unambig-
uously confirm whether a person at risk is ill or not. Symptoms include movement, neuropsychiatric and cognitive disorders.
Currently, the disease is incurable and there are no effective methods for its treatment.

Aim. The aim is to present information about Huntington’s disease, its inheritance, symptoms and pathologies, as well as to
draw attention to its unique impact on patients and their families.

Material and methods. A literature review of the following databases has been conducted: PubMed, Science Direct, EBSCO,
Springer Link.

Results. Huntington’s disease, due to the autosomal dominant inheritance, disturbs the whole family system. Over several
generations, a family can struggle with the problems of taking care of several patients at the same time, providing children
with information about the risk of falling ill, making decisions about genetic testing, and starting a family or having children.
Conclusion. Huntington’s disease is a challenge for healthcare professionals who are not always prepared to solve unique,
multi-generational problems in families with Huntington’s disease.

Keywords. CAG repeat, chorea, family system, genetic disease, HD gene

Introduction
Huntington disease (HD) is a rare, progressive neuro-
degenerative disease that belongs to a unique group of
autosomal-dominant disorders. This disorder belong to
trinucleotide repeat disorders and is caused by CAG tri-
nucleotide repeats in the 5" coding region of the IT15 (In-
teresting Transcript15) gene located on locus 4p16.3.*
The Huntington’s gene has a unique feature of re-
peating a trinucleotide DNA (triplet) with a repeat

length of 6 to 35 in the normal population.’ The num-
ber of repetitions in the range of 27-35 does not cause
the symptoms of the disease to develop, but due to the
phenomenon of anticipation, it is associated with an in-
creased risk of mutation in the next generations. The
phenomenon of anticipation lies in the fact that the
higher the number of repetitions, the earlier the age of
illness and its more severe course.*® It mainly concerns
inheritance from father, which is the result of high in-
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stability of CAG sequences in spermatogenesis. Genetic
anticipation is the reason for the emergence of a juvenile
form of HD in families. Every child in a family whose
parent suffer from HD has a 50% risk of inheriting the
gene. A range of 36-39 repetitions of a CAG triplet can
cause the disease, but the gene penetration is incom-
plete.

For people with 40 and more repetitions, the pen-
etration is 100%, which means that every such person
will fall ill if he lives to a certain age.® After full-blown
HD develops, patients live about 15-20 years, slightly
longer than in other neurodegenerative diseases. In the
family, it often occurs in several people at the same time,
for example in the case of a spouse, children, grandchil-
dren, and several generations even up to 30 years.

Aim

The aim of this paper is to present information about
Huntington’s disease, its inheritance, symptoms and pa-
thologies, as well as to draw attention to its unique im-
pact on patients and their families.

Description of HD from 1872

The name of the disease comes from the name of the
doctor George Huntington, who in 1872 published an
article named “On Chorea” in the Medical and Surgi-
cal Reporter. He gave a detailed description of the pro-
gressive and hereditary chorea, inexorably progressive,
and always fatal: “When either or both the parents have
shown manifestations of the disease, and more espe-
cially when these manifestations have been of a serious
nature, one or more of the offspring almost invariably
suffer from the disease, if they live to adult age. But if
by any chance these children go through life with-
out it, the thread is broken and the grandchildren and
great-grandchildren of the original shakers may rest as-
sured that they are free from the disease. This you will
perceive differs from the general laws of so-called he-
reditary diseases, as for instance in phthisis, or syphilis,
when one generation may enjoy entire immunity from
their dread ravages, and yet in another you find them
cropping out in all their hideousness. Unstable and
whimsical as the disease may be in other respects, in this
itis firm, it never skips a generation to again manifest it-
self in another; once having yielded its claims, it never
regains them. In all the families, or nearly all in which
the choreic taint exists, the nervous temperament great-
ly preponderates, and in my grandfather’s and father’s
experience, which conjointly cover a period of 78 years,
nervous excitement in a marked degree almost invari-
ably attends upon every disease these people may suf-
fer from, although they may not when in health be over
nervous”® In several decades, the chorea described by
Huntington was widely recognized as a unique disorder.
The name was changed to Huntington’s disease because

it became obvious that the disease is not only associated
with the occurrence of movement disorders.

HD gene

The identification of the HD gene was based mainly on
the analysis of a large Venezuelan HD kindred with an
extremely high frequency of the disease, due to the high
frequency of inbreeding. The HD gene was mapped to
the tip of the short arm of chromosome 4 in 1983 using
standard linkage analysis. However, scientists needed
another 10 years to isolate it and to identify the under-
lying mutation that causes HD. But it was not until 1993
when the HD gene was finally identified by The Hun-
tington’s Disease Collaborative Research Group, includ-
ing 58 scientists from six independent research groups
and introduced for diagnostic and preclinical tests.” Us-
ing the haplotype analysis of coupling disequilibrium in
HD families of different ethnic groups, they identified a
small segment of 4p16.3 as the probable location of the
mutation. The new gene, IT-15, isolated using cloned
trapped exons from the target area, was shown to con-
tain a polymorphic trinucleotide CAG repeat within the
coding region of the gene that was expanded and un-
stable on one of the chromosomes of all 75 HD fami-
lies examined. The gene locus was found to span 180 kb,
consisting of 67 exons, and encoding a protein (hunting-
tin) of ~350 kDa.'® One year later the international clin-
ical and genetic community has created the guidelines
for the appropriate molecular genetic testing of HD."
HD is unique due to its single gene autosomal dominant
nature and can be accurately identified in patients pri-
or to the onset of any symptoms, while still considered
‘premanifest’'?

Genetic tests and its consequences

People at risk, over the age of 18, may undergo a pre-
symptomatic study to find out if they actually carry a
mutated gene. This is a choice that selects few people at
risk (5% to 10%) and requires a multi-day consultation
with genetic counselors, neurologists, and often a psy-
chiatrist or psychologist.?

Due to the long-term and difficult course of the
disease, confirmation of clinical diagnosis of HD has
unique consequences for the patient and other fami-
ly members. A patient’s reaction to the disease may be
unpredictable.” A negative diagnosis sometimes helps
to explain worrying symptoms and therefore is a re-
lief for the patient and his family. However, HD diag-
nosis can cause or worsen an existing depression - the
risk of suicide increases just before and after the begin-
ning of the disease. Predictive testing is very important
for people with a family history of HD before signifi-
cant life-changing events such as marriage or pregnan-
cy occurs." If the diagnosis is confirmed, other people
in the family (patient’s partner, children, grandchildren,
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siblings) will need information and emotional support,
especially if there is no previously known family histo-
ry of HD."®

Symptoms and forms of HD

Pathological findings in HD include mostly progressive
degeneration of basal ganglia but also of other brain re-
gions, such as the substantia nigra, cerebral cortex, hip-
pocampus, lateral tuberal nuclei of the hypothalamus
and parts of the thalamus.'

Clinical diagnosis of the disease is based on the ob-
servation of involuntary movements and insidious be-
ginning of mood disturbance in individuals with family
history of the disease. The symptoms include motor,
neuropsychiatric and cognitive abnormalities that ag-
gravate progressively."”

There are 3 HD forms differing in the onset, clinical
picture and course of the disease. Classic form consists
approximately 80% of patients and Juvenile (The West-
phal variant of HD) affect people before 20 years of age.
Late onset HD (10% of patients) begin after 60 years of
age and the diagnosis of the disease is often never made.
In the family history there is no information about the
disease, which due to the variability of the clinical pic-
ture has not been diagnosed as HD, but as Alzheimers,
Parkinson’s or other neurological disease, especially if it
is the first situation in the family.”® The de novo muta-
tion accounts about 10% of cases."”

The most common age of onset (classic form) is
the fourth and fifth decade, when life stabilization is
achieved, when HD patients have already made the ma-
jority of professional, financial and family decisions re-
lated to, among others, the number of children. This HD
form is characterized by the presence of a triad of symp-
toms: involuntary movements, behavioral and mood
disorders, and cognitive impairment. These symptoms
occur in patients of varying intensity and various com-
pilations. The spectrum of motor symptoms in HD is
broad and includes predominantly chorea involuntary
movements, saccadic eye movement disorders, postural
and balance disorders, dystonic and myoclonus move-
ments, dysarthria, dysphagia, and Parkinson syndrome
in the late stage of the disease.?>* These changes result
from damage to the movement loop responsible for the
regulation of muscle tone and the function of skeletal
muscles and reflexes. Uncontrolled body movements
cause HD patients to be perceived as people under the
influence of alcohol and because of motor disorders;
they may push or hit other person accidentally. Oth-
er, less known, but common and frequently occurring
symptoms of HD are: uncontrolled weight loss, sleep
disorders, circadian rhythm dysfunction, and dysfunc-
tion of the autonomic nervous system.”> Movement dis-
orders make it impossible to perform daily activities
such as washing, dressing, using the toilet, cooking and

eating meals. Dysarthria and dysphagia intensify during
the course of the disease, which can lead to choking and
aspiration pneumonia. All patients develop hypokinesia
and muscle stiffness that lead to bradykinesia and severe
akinesia.”? The most common causes of death are pneu-
monia, injuries resulting from falls or suicides, which
occur much more often than in the general population.*

Neuropsychiatric disorders are dominated by de-
pression (about 40% of patients), dysphoria, psycho-
motor agitation, irritability, apathy, anxiety, suppression
of behavior and euphoria.”® Depression syndrome in
people at the early stage of the disease may be the first
symptom of the pathological process, but it can also
react to stress resulting from awareness of the genetic
burden of the disease. In HD patients, there was also
a family predisposition for the occurrence of psychotic
symptoms. In families where at least one person has the
disease manifested by psychotic symptoms, the risk of
developing psychosis in other members burdened with
its disease is about four times higher than in families
burdened with HD without symptoms of psychosis.?
The presence of psychotic disorders may suggest schizo-
phrenia. In 40-50% of patients, over a dozen years be-
fore the onset of the first symptoms of HD, personality
changes are observed.” Irritability associated with HD,
which is signaled by members of the immediate fam-
ily, can be severe and result in outbursts of anger and
aggression.”® Over half of the patients develop obses-
sive-compulsive disorder during the disease course,and
perseveration behavior (75% of patients). 2>

Symptomatology of cognitive dysfunction includes
executive-related disorders associated with apathy, at-
tention deficit memory, difficulties in memorizing new
information, difficulty in extracting information from
autobiographical memory without a time gradient,
(which is in turn characteristic of Alzheimer’s disease)
dysfunctional memory and spatial disorders. However,
language functions and semantic memory are relatively
better preserved.’’ An important feature of HD is a lack
of awareness or lack of insight into the nature or sever-
ity of symptoms that the patient experiences, despite its
visible symptoms. This may include a lack of awareness
of any disease characteristic, including all three domains
of motor, cognitive or behavioral symptoms.*?

This feature makes it important to consider fami-
ly members as helpful (sometimes key) sources of in-
formation that provide objective assessments of patient
symptoms, function levels, and should be involved in
assessing the patient’s health and decision making. Neu-
ropsychiatric symptoms in HD may precede the onset
of motor disorders even up to 15 years before full-blown
disease, which contributes to delaying the proper diag-
nosis of the disease, especially in the absence of a posi-
tive history of HD or treatment of a completely different
disease (e.g. depression or schizophrenia).
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Of particular interest is the juvenile form of the dis-
ease (JHD), with a large number of CAG repeats. The
first symptoms occur before the age of 20.* This form af-
fects 5-10% of carriers of the mutant gene, and only 1% of
symptoms occur before the age of 10. JHD is character-
ized by a difference, but above all a variety of clinical symp-
toms, especially in the initial stage of the disease. In the
case of a negative family history, it makes it difficult and
definitely delay the time of making the correct diagnosis.
The parkinsonian syndrome (stiffness and bradykinesis)
dominates among movement disorders, not chorea. In the
Westphal variant, dystonia, ataxia, dysarthria and pyrami-
dal symptoms are observed more often than in the classical
form. Mood and behavior disorders are the first symptom
of the juvenile form of Huntington’s disease in almost 1/3
of patients. The spectrum of disorders is very wide: from
irritability, impulsiveness, depressed mood through addic-
tion to alcohol and drugs. It may lead to psychotic states
with aggressive behaviors and depressions with thoughts
and suicidal attempts, which often require hospitalization
in psychiatric wards.** Depression and suicide are a sig-
nificant problem in this population, especially if they have
witnessed a family member’s illness.*® Death occurs on av-
erage after 8-10 years from the first symptoms.

HD treatment

Currently, Huntington’s disease is incurable, there are
no effective treatments - it leads to disability and total
dependence on care.

Current treatment of HD is often symptomatic and
focuses in decreasing dysarthria, dystonia, swallowing
complication, incontinence as well as psychological prob-
lems and irritability. Therapy for the disease and co-mor-
bid psychiatric symptoms (psychosis or bipolar disorder,
episodic aggression and agitation not managed by be-
havioral interventions) could be treated better by neuro-
leptic medications. Some patients need raising doses of
anti-chorea medications over time, hence re-evaluation
of therapy is advised. Some other patients may develop
increased dystonia and rigidity in parallel with HD pro-
gression, thus reducing the anti-chorea medicines may be
crucial. In 2008, tetrabenazine became the first drug for
HD, approved in the US, due to its important reduction
of chorea determined by the double-blind placebo con-
trolled TETRA-HD study. However patients should be
aware of some side effects that may occur, before treat-
ment begins.*® HD often leaves patients without good
treatment options. The lack of treatment options com-
bined with the inevitably deadly nature of the disease
contributes to a suicide rate of 5 to 10 times higher in HD
patients than in the general population.””

Typical course of HD
A typical person with HD gets to know about the con-
dition when a parent is diagnosed with the disease. It

happens at the average age of 15, then the person often
discusses or attempts suicide. At the age of 16, he or she
knows that there is a 50% risk of inheriting the neuro-
degenerative disease. At the age of 25 (usually already
married), predictive DNA testing begins and he or she
learns about the inherited mutant HD gene. Two years
later, after a prenatal test result is negative for the dis-
ease, a woman may have her first child born. At the av-
erage age of 34 years, he or she may be diagnosed with
beginning of cognitive and motor signs of the disease.
In the next 5 years, he or she may be dysfunctional at
work and can experience the death of her affected par-
ent. At the average age of 46, a person may be placed in
along-term care facility for 24-hour assistance. The typ-
ical person with HD dies in her early 50s. The mutant
genes display the same phenotype as heterozygotes, and
the phenomenon of “anticipation”?®

The unique nature of Huntington’s disease

The unique nature of HD results from its inheritance.
The disease in the family extends over several genera-
tions. Every child who has an HD parent has a 50:50
chance of inheriting the faulty gene. Diagnostic and pre-
clinical tests that have been performed since 1993, con-
firm unambiguously whether a person is ill or not. In
every person who has the result of additions, will defi-
nitely develop HD, hence such fears in potential patients
before performing the genetic test. However, a small
number of potentially endangered people are deciding
to implement them. The disease disrupts the entire fam-
ily system. It appears at the moment of the greatest life
stabilization, when the most important decisions related
to even having children are taken, when the next gener-
ations - grandchildren - exist. This situation cannot be
reversed. HD does not disappear with the death of the
patient, as is the case in other diseases. All children may
get sick and each of them may have a different form and
other clinical symptoms.

There is always a change in relationships within a
family. A marriage may break up because of the blame
on the spouse for transferring the gene.

In HD, there is also a unique impact of the disease
on family caregivers, who often take care of several gen-
erations of patients (parent, spouse, siblings, children).
They are afraid about getting sick or that HD may de-
velop in other family members. An additional burden is
the tension due to the decision to pass this information
to children and other family members.* The disease is
hidden in the family, it is not discussed on a daily basis,
but it is always present in it. It is hidden for fear of social
stigmatization or discrimination.*!

The carrier “silently observes” subsequent family
members in terms of possible symptoms and effects of
HD, and this is very difficult due to the variety of dis-
ease symptoms.
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Conclusion

The unique nature of the disease and the complex prob-
lems of patients and their families are a challenge for
healthcare professionals. HD is a rare disease and em-
ployees of both medical and social assistance do not
have experience working with people and families af-
fected by HD. They are not always prepared to solve
problems resulting from the complex dynamics of
change in families with Huntington’s disease, from mul-
tigenerational disease. You should also pay attention to
family carriers, they bear the main burden of caring for
the sick in the family.

In our country since 2002, there is the Polish Hun-
tington’s Disease Association, which associates people
with HD, their carriers and relatives as well as doctors
and medical staff (http://www.huntington.pl).

References

1. Barboza LA, Ghisi NC. Evaluating the current state of the
art of Huntington disease research: a scientometric analy-
sis. Braz ] Med Biol Res. 2018;51(3):€6299.

2. WyantK]J, Ridder AJ, Dayalu P. Huntington’s Disease - Up-
date on Treatments. Curr Neurol Neurosci Rep. 2017;17:33.

3. Nopoulos PC. Huntington disease: a single-gene degen-
erative disorder of the striatum. Dialogues Clin Neurosci.
2016;18(1):91-98.

4. Cardoso IL, Marques V. Trinucleotide repeat diseases -
anticipation diseases. ] Clin Gen Genomics. 2018;1(1):4-9.

5. Paulson H. Repeat expansion diseases. Handb Clin Neurol.
2018;147:105-123.

6. Kay C, Collins JA, Miedzybrodzka Z, et al. Huntington
disease reduced penetrance alleles occur at high frequency
in the general population. Neurology. 2016;87(3):282-288.

7. Tsikritsis D, Elfick A, Downes A. Raman spectroscopy of

fibroblast cells from a Huntington’s disease patient. Spec-
trosc Lett. 2016; 49(8):535-54.
Huntington G. On Chorea. Med Surg Rep. 1872; 26: 317-321.
The World Federation of Neurology Research Group on
Huntington’s Disease. Presymptomatic Testing for Hun-
tington’s Disease: A World Wide Survey. ] Med Genet.
1993; 30:1020-1022.

10. Huntington’s Disease Collaborative Research Group A novel
gene containing a trinucleotide repeat that is expanded and
unstable on the HD chromosome. Cell.1993;72:971-983.

11. Nance MA. Genetic counseling and testing for Hunting-
ton’s disease: A historical review. Am ] Med Genet B Neu-
ropsychiatr Genet. 2017;174(1):75-92.

12. Potkin KT, Potkin SG. New directions in therapeutics for
Huntington disease. Future Neurol. 2018;13(2):101-121.

13. McCusker EA, Loy CT. Huntington Disease: The Com-
plexities of Making and Disclosing a Clinical Diagnosis
After Premanifest Genetic Testing. Tremor Other Hyper-
kinet Mov. 2017;7:467.

14. Mahalingam S, Levy LM. Genetics of Huntington Dis-
ease. Am ] Neuroradiol. 2014;35 (6):1070-1072.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Craufurd D, MacLeod R, Frontali M, et al. Working
Group on Genetic Counselling and Testing of the Euro-
pean Huntington’s Disease Network (EHDN). Diagnos-
tic genetic testing for Huntington’s disease. Pract Neurol.
2015;15(1):80-84.

Ross CA, Aylward EH, Wild EJ, et al. Huntington Disease:
Natural History, Biomarkers and Prospects for Therapeu-
tics. Nat Rev Neurol. 2014;10: 204-216.

Reilmann R, Leavitt BR, Ross CA. Diagnostic Criteria for
Huntington’s Disease Based on Natural History. Movement
Disord. 2014; 29:1335-1341.

Hoffman-Zacharska D. Pacjent rozszerzony - chory i jego
rodzina. Konflikty intereséw wynikajace z mozliwosci
przeprowadzenia badan genetycznych. Med. Wieku Rozw.
2015; 10: 63-73.

Dayalu P, Albin RL. Huntington disease: pathogenesis and
treatment. Neurol Clin. 2015; 33(1):101-114.

McColgan P, Tabrizi S]. Huntington’s disease: a clinical re-
view. Eur ] Neurol. 2018;25(1):24-34.

Schiefer J, Werner CJ, Reetz K. Clinical diagnosis and ma-
nagement in early Huntington’s disease: a review. Degener
Neurol Neuromuscul Dis. 2015:5 37-50.

Roos RAC. Huntington’s disease: a clinical review. Orpha-
net ] Rare Dis. 2010; 5: 40.

Kozak-Putowska D, Itzecka J, Piskorz J, Wojcik G. Pro-
blemy zdrowotne chorych na chorobe Huntingtona i ich
wplyw na codzienne funkcjonowanie chorego. Med Og
Nauk Zdr. 2016; 22( 2): 94-97.

Solberg OK, Filkukova P, Frich JC, Feragen KJB. Age at
Death and Causes of Death in Patients with Hunting-
ton Disease in Norway in 1986-2015. ] Huntingtons Dis.
2018;7(1):77-86.

Vinther-Jensen T, Larsen IU, Hjermind LE, et al. A clinical
classification acknowledging neuropsychiatric and cogni-
tive impairment in Huntington’s disease. Orphanet ] Rare
Dis. 2014;9:114.

Alkabie S, Singh D, Hernandez A, Dumenigo R. The Spec-
trum of Psychiatric Pathology in a Patient with Geneti-
cally Verified Huntington’s Disease. Case Rep Psychiatry.
2015;2015:742471.

Slemp-Dubas H, Tylec A, Michalowska-Marmurowska H,
Spychalska K. Choroba Huntingtona zaburzeniem neu-
rologicznym czy psychiatrycznym? Opis przypadku. Psy-
chiatr Pol. 2012; XLVI: 915-922.

Fisher CA, Sewell K, Brown A, Churchyard A. Aggres-
sion in Huntington’s disease: a systematic review of rates
of aggression and treatment methods. /| Huntingtons
Dis. 2014;3(4):319-332.

Epping EA, Kim JI, Craufurd D, et al. Longitudinal Psy-
chiatric Symptoms in Prodromal Huntington’s Disease:
A Decade of Data. Am ] Psychiatry. 2015;173(2):184-
192.

Oosterloo M, Craufurd D, Nijsten H, van Duijn E. Obses-
sive-Compulsive and Perseverative Behaviors in Hunting-
ton’s Disease. ] Huntingtons Dis. 2019;8(1):1-7.



174

European Journal of Clinical and Experimental Medicine 2019; 17 (2): 169174

31.

32.

33.

34.

35.

36.

Soltan W, Golebiewska E, Limon J. Choroba Huntingto-
na — trzy punkty widzenia. Forum Med Rodz. 2011;5(2):
108-114.

McCusker EA, Gunn DG, Epping EA, et al. Unawareness
of motor phenoconversion in Huntington disease. Neuro-
logy. 2013;81(13):1141-1147.

Wiatr K, Szlachcic W], Trzeciak M, Figlerowicz M, Figiel
M. Huntington Disease as a Neurodevelopmental Disor-
der and Early Signs of the Disease in Stem Cells. Mol Neu-
robiol. 2018;55(4):3351-3371.

Btaszczyk M, Boczarska-Jedynak M, Rudzinska M. Od-
mienno$¢ kliniczna mlodzienczej postaci choroby Hun-
tingtona. Prz Lek. 2015; 72(7):366-370.

Quigley J. Juvenile Huntington’s Disease: Diagnostic and
Treatment Considerations for the Psychiatrist. Curr Psy-
chiatry Rep. 2017;19:9.

Yapijakis C. Huntington Disease: Genetics, Prevention,
and Therapy Approaches. Vlamos P, eds. Cham: Springer;
2016:55.

37.

38.

39.

40.

41.

Walker FO. Huntington’s disease. Lancet. 2007; 369:118-
218.

Nance M, Paulsen JS, Rosenblatt A, Wheelock V. A Phy-
sician’s Guide to the Management of Huntington’s Disease.
Huntington’s Disease Society of America 2011.
International Huntington Association (IHA) and the
World Federation of Neurology (WEN) Research Group
on Huntington’s Chorea. Guidelines for the Molecular Ge-
netics Predictive test in Huntington’s Disease. Neurology.
1994; 44: 1533-1536.

Aubeeluck A, Buchanan H. The Huntington’s disease qu-
ality of life battery for carers: reliability and validity. Clin
Genet. 2007; 71(5): 434-445.

Williams JK, Erwin C, Juhl AR, et al. In their own words:
reports of stigma and genetic discrimination by people
at risk for Huntington disease in the International RE-
SPOND-HD study. Am ] Med Genet B Neuropsychiatr Ge-
net. 2010;153B(6):1150-1159.



© Wydawnictwo UR 2019
ISSN 2544-1361 (online); ISSN 2544-2406
doi: 10.15584/ejcem.2019.2.12

http://www.ejcem.ur.edu.pl/en/

European Journal of Clinical and Experimental Medicine

EurJ Clin Exp Med 2019; 17 (2): 175-178

Piotr Bar '8, Sabina Galiniak
Rafat Filip @ 380 David Aebisher © #*8S

REVIEW PAPER

2(ABFG) Dorota Bartusik-Aebisher @ 2(A8F6)

Glycosaminoglycan concentration in cancer tissue

! Clinical Department of Pathomorphology, Clinical Hospital No. 2, Rzeszéw, Poland
2 Department of Biochemistry and General Chemistry, Faculty of Medicine, University of Rzeszéw,
Rzeszéw, Poland
3 Department of Gastroenterology, Faculty of Medicine, University of Rzeszéw, Rzeszéw, Poland
* Department of Photomedicine and Physical Chemistry, Faculty of Medicine, University of Rzeszéw,
Rzeszéw, Poland

ABSTRACT

Introduction. Glycosaminoglycans (GAGs) play a widespread role in tissue modelling. GAG polymers may affect several recep-

tor pathways in parallel.

Aim. To present difference in concentration of GAG in healthy and cancer tissues.

Material and methods. The literature search was performed nd reviewed using selected keywords.

Results. We revieved the methods of detection various types of glycans measured by Magnetic Resonance Imaging.
Conclusion. MRI methodology provides an efficient tool forstudy of cellular composition. The use T, aof T, measurements to

study cancer tissue is a promising assay.

Keywords. fixed charge density, glycosaminoglycan, magnetic resonance imaging

Introduction

Proteoglycans (PG) are one of the major components
of the extracellular matrix (ECM). ECM conteinat at
least one glycosaminoglycan (GAG) chain such as hep-
aran sulfate, chondroitin sulfate, keratan sulfate, and
heparin. PGs are formed of GAGs covalently attached
to the core proteins. PG are cellular, subcellular, intra-
cellular, cell surface, pericellular, and extracellular.'?
PG are major components of extracellular matrix play-
ing key roles in its structural organization and cell sig-

naling contributing to the control of numerous normal
and pathological processes.”® GAG expression occurs
in most hematological malignancies, notably acute
myeloid leukemia, myeloproliferative neoplasms, and
multiple myeloma. Here, we review recent research ad-
vances regarding cellular GAG and possible magnetic
resonance applications to measure GAG concentra-
tions.
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Magnetic Resonance Imaging and celluar GAG

measurements

Relaxation times measuremens (T, and T,) of cancer
tissue protons can be determined by Magnetic Reso-
nance Imaging (MRI). Because of the development of
MRI methods many cellular properties of tumor tissue
is studied with MRI. MRI relaxation times have been
shown to be various for many types of tumors compared
to normal tissues. MRI is an important non-surgical
tool in medical and biomedical analysis. While standard
MRI can provide basic information regarding tumor lo-
cation, its size and spread, the quantified MRI can eval-
uate the effectiveness of therapy. It was already shown
that treatment of cells results in MR contrast changes
due to changes in relaxivity caused by cell shrinkage and
cellular membrane blabbing. We contribute changes in
T, and T, during the cell growth observed for both cell
lines to the changes in tissue hydratation and protein
content. In addition, our study showed that proton T,
and T, relaxation times are not significantly different be-
tween both cell lines.

Glycosaminoglycan (GAG) ***

The GAG concentration was calculated based on Fixed
Charge Density (FCD) value, which was measured by
flushing the culture with Gd(DTPA)*. The FCD can be
expressed as:

l [Gd(D TPAY~ Lalh

l [Gd(DTPA)Z *} 4
FCD . tissue _

tissue :_2‘:Na+]buth V [Gd(DTPA)Z’]b " V[Gd(DTPA)Z’]

tissue

{Eq. 1}
Where:

. ! ! -
[Gd(GDPA)2 ]n'ssue =R -
R (POStGd)Tl(tissue) (preGd)Tl(tissue)

{Eq. 1a}
and
[Gd(DTPA)z *} -1 ! - !
bath R (PUStGd)Tl(ba,h) (PreGd)Tl(bmh)

{Eq. 1b}

Where:

Bath - medium around the breast cancer cells;
R - relaxivity (mmol/L/sec);

Tissue — breast cancer cells tissue;

[Na*], ., — concentration of Na*ions in bath, 154
(mmol/L);
(postGd) T1< ssue) ™ T, relaxation time of the breast cancer

cells after administration Gd(DTPA)? solution in sec;

Loy — 1 Telaxation time of the breast cancer cells be-
fore administration Gd(DTPA)?* solution in sec;
(postGA)T, ., — T, relaxation time of the bath after ad-
ministration Gd(DTPA)?* solution in sec;

Tl(bmh) - T, relaxation time of bath before administration
Gd(DTPA)?* solution in sec.
The calculated FCD is converted to GAG concentra-

tion according equation 2:

GAG = F CD[%j
=2 ) {Eq. 2}
Where: GAG- Glycosoaminoglycan concentration

(mg/L);
FCD - Fixed Charge Density (mmol/L);
502.5 - Molecular weight of GAG in (mg/mmol).

Application of enables direct study of cells before
and after treatment. The T, and T2 relaxation time of
cells is sensitive to GAG concentration. Therefore, MRI
measurements of cells with the use of anionic paramag-
netic contrast agent Gd(DTPA)* reflect directly to the
GAG concentration in tissue and is sensitive to phys-
iologic and pathologic conditions resulting in an ap-
proximately linear relation between GAG content and
T, relaxation time. Since GAGs have negatively charged
side chains, the Gd(DTPA)*- distributes in higher con-
centration into areas with lower GAG concentrations.
Therefore, a low T, values after contrast agent adminis-
tration indicates low GAG concentration.

In oncology non-invasive imaging of cells has
gained interest for the assessment of tumor response to
cancer therapy. Therefore, MRI has become an import-
ant diagnostic technique for characterization of cells,
such as degeneration. Due to variability in response to
therapy, there is a growing interest in monitoring effica-
cy progress during treatment. There is a rapid increase
in the applications of MRI for cellular imaging. Table 1
presents selected types of cellular PG’s.

Eponym Secretory Location

granules

Serglycin?* Transmembrane Cell surface

Syndecan®% Transmembrane Cell surface

NG22728 Transmembrane Cell surface

Betaglycan®***3'  Transmembrane Cell surface

Phosphacan®3  Transmembrane Cell surface

Glypican®3 Glypican Cell surface

Perlecan3®® Basement Pericellular

membrane zone
Agrin¥ Basement Pericellular
membrane zone

Aggrecan® Hyalectan Extracellular
Lectican

Versican % Hyalectan Extracellular
Lectican

Neurocan® Hyalectan Extracellular
Lectican

Brevican*! Hyalectan Extracellular
Lectican
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Conclusion

MRI methodology provides an efficient tool forstudy of
cellular composition.The use T, aof T, measurements to
study cancer tissue is a promising assay.
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ABSTRACT

Introduction. Acute pulmonary hypertension leading to right ventricular failure and circulatory collapse is usually caused by a
pulmonary embolism. However, in extremely rare cases, similar clinical manifestations can be related to another diseases, such
as lymphangitis carcinomatosa.

Aim. The purpose of this paper is to report on the case of a 29-year-old male patient presented with rapidly progressing dys-
pnoea.

Description of the case. The diagnosis of pulmonary embolism was made on the basis of echocardiographic signs of pulmo-
nary hypertension and right ventricular (RV) dilatation, and the recommended therapy was introduced. On the suspicion of
bronchopneumonia, antibiotics and steroids were applied. However, the previously stated diagnosis of pulmonary embolism
was not confirmed by the angio-CT scan, which showed small diffusive lung parenchyma intra-biliary nodules (ground glass
opacity) with the peripheral appearance of a tree-in-bud sign. Consecutive CT of pelvis and abdomen along with endoscopy
revealed a metastatic gastric cancer with the presence of lymphangitis carcinomatosa and miliary dissemination to the lungs.
The presence of pulmonary metastases in the course of disseminated gastric cancer is known in literature as Bard’s syndrome.
Conclusion. Extrapulmonary malignancies, particularly gastric cancer, should be taken into consideration in differential diag-
nosis in patients with an acute right ventricular failure and nonspecific lesions in the respiratory system.
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Introduction
Acute right ventricular (RV) failure can be defined, as a
rapidly progressive syndrome with a systemic conges-
tion, resulting from an impaired RV filling, and/or re-
duced RV flow output."? Most often, it is associated with
increased RV afterload, or preload and consequently RV
chamber dilatation, and tricuspid regurgitation.>* The
most common causes of acute RV failure are: acute left
ventricular failure, right ventricular ischaemia, acute
pulmonary embolism, and exacerbation of chronic lung
disease.! Described pathology is observed in 3% to 9% of
acute heart failure admissions, and in-hospital mortality
of patients with acute RV failure; ranges from 5 to 17%."!
According to Global Cancer Statistics 2018: GLO-
BOCAN stomach cancer remains an important cancer
worldwide: is the fifth most frequently diagnosed can-
cer, and the third leading cause of cancer death.’ Distant
metastases of this tumor are located in lungs twice more
frequently among males.” Military metastases of ade-
nocarcinoma of the stomach, called also as Bard’s syn-
drome, were described by Samson et al. at 1962. Apart
from single, or multiple tumors in the parenchyma of
the lungs, metastatic lesions may manifest themselves as
the lymphangitis carcinomatosa, and the pleuritis carci-
nomatosa.” These kinds of metastases of gastric cancer
share the feature, that the symptoms in the respirato-
ry system dominate over the symptoms in the alimen-
tary tract.’

Description of the case

A 29-year-old patient without past comorbidities, was
admitted to the Emergency Unit (EU) with dyspnoea,
dry cough, shortness of breath, and reduced exercise
tolerance. Such complaints occurred three weeks ago
and increased over two days.

Examination revealed: pallor, tachycardia (110
bpm), tachypnoea (breathing rate average 30/min) with
oxygen saturation of 92% and BP 110/70mmHg. The re-
spiratory examination provided evidence of crackles at
the base of both lungs. The ECG record was normal. The
laboratory tests revealed significant D-dimer elevation
with slightly increased level of troponin and CRP (Ta-
ble 1). Symptomatic treatment was introduced: hydro-
cortisone i.v., fenoterol and ipratropium in nebulisation,
without improvement of patient’s condition.

Due to D-dimer increment transthoracic echocar-
diography (TTE) was performed. The following abnor-
malities occurred: right ventricle overload (RVd=34mm)
RV>LV, ACT on the pulmonary valve 78 m/s and TRPG
35mmHg, with moderate tricuspid valve regurgitation
(VC=5mm), TAPSE 18mm. According to the 2014 ESC
Guidelines, on the diagnosis and management of acute
pulmonary embolism, the CT angiography of pulmo-
nary arteries was requested. Meanwhile, the patient had
been admitted to the Intensive Care Unit of Cardiology

Department with preliminary diagnosis of not high-risk
pulmonary embolism, and echocardiographic symp-
toms of acute pulmonary hypertension.

The CT angiography of pulmonary arteries revealed
widening of the pulmonary trunk (approx. 28.5 mm),
and arteries (left-23 and right-22mm). Narrow contrast
deficits were observed only in more peripheral pulmo-
nary arteries at the level of the lower lobes.

Furthermore, the results of the CT scan presented dif-
fused, small intralobular nodules (ground glass opacity)
in lung parenchyma with the peripheral appearance of a
tree-in-bud sign. The presence of nonspecific findings in
the lower lobes, directed differential diagnosis of allergic
alveolitis, interstitial disease, or others. The notes includ-
ed also several abnormalities such as: the slightly enlarged
lymph nodes in the lung cavities, enlarged sub-nodal
nodes, the right lower lobe bronchus and lymph nodes in
the mesenteric fat tissue, up to 15 mm.

The treatment was enriched by low molecular
weight heparin injections in therapeutic doses, fluids
and supplemental oxygen with a slight improvement of
patient’s condition.

The imaging examination with ultrasonography
of lower limbs veins, thyroid gland and abdomen was
established. Following pathological findings were de-
scribed: asymmetrical widening of gastric antrum, cer-
vical lymphadenopathy, a small normoechogenic tumor
in the left lobe of the thyroid. It needs to be mentioned:
viral markers, including HIV, HBV and HCV, EBYV, cy-
tomegaloviruses, were non-reactive for serology. Oth-
er scans appeared to be negative for atypical infections
such as: Mycoplasma pneumoniae, Chlamydophilia
pneumoniae, and Legionella pneumophilia. In addition
to that, blood and sputum cultures, cancer markers as
CA 125, CA19-9, were negative as well.

Other, more relevant laboratory tests results, are
presented in the Table 1.

Table 1. Laboratory results of patient
At the day Fifth day

of admission of hospitalization
CRP mg/10.0-5.0] 293 17.6
WBC 10/ 3/pl [4.00-11.00] 8.23 14.6
D-DIMER ng/ml [0-500] 14300 3795
NT-proBNP pg/ml [0-125] 409 5444
TNThs pg/ml [3.0-1.4] 90.32 31.01

The patient’s condition improved slightly after the
symptomatic treatment composed of inhaled broncho-
dilators, intravenous steroids, diuretics. Moreover, wide
spectrum antibiotics were administered intravenously.
On the fourth day of hospitalization, the patient’s con-
dition deteriorated, and sudden respiratory and cardiac
arrest occurred. Resuscitation activities (CPR) were suc-
cessful. Full consciousness returned however symptoms
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of hypoxemia (oxygen saturation up to 70%), and tachy-
cardia (150/bpm) remained.

The TTE presented significant right-sided ventricu-
lar overload, with features of severe pulmonary hyper-

tension, and tricuspid valve gradient up to 90mmHg
(Fig. 1, 2).

+ Dist 5.00cm
: Dist 271 cm

Echo Pen
§51
45Hz
18cm

+ Vel 476 cmis
PG 91 mmHg

Fig. 2. Tricuspid regurgitation peak gradient (TRPG)
90mmHg

Fig. 3. Circular infiltration of gastric antrum

Repeated chest angiography revealed widening of
the pulmonary trunk up to 31mm, without central or
peripheral embolization.

Further diagnostic process, enriched by abdomen
and pelvis contrast CT, confirmed pathological findings
in the area of the gastric antrum (Fig. 3).

The diffused lymphangitis was found in the follow-
ing areas: the antrum (18mm), pylorus (15mm), less-
er curvature of the stomach, hepatic hilum, mesentery,
near the celiac trunk and aorta (13mm).

Gastroscopy uncovered gastric mucosa infiltrations
in the area of greater curvature of stomach. Histopatho-
logic study of preantral part of stomach demonstrat-
ed poorly cohesive carcinoma, with inclusion of signet
ring cell carcinoma. (Fig. 4)

N
- 5

Fig. 4. Signet-ring carcinoma cell - laterally displaced

nucleus by a cytoplasmic vacuole. Alcian blue staining.

On the sixth day of hospitalization, a respiratory
and a cardiac arrest occurred. The resuscitation was un-
successful.

The diagnosis was established based on the clinical
presentation and investigations.

The cause of the death was cardiogenic shock due to
acute RV failure, as a consequence of poorly differenti-
ated carcinoma of the stomach with diffuse pulmonary
metastasis, and lymphangitic carcinomatosis.

Discussion

The term pulmonary lymphangitic carcinomatosis
(PLC) was first coined by Troisier in 1873 to describe
a condition of diffuse infiltration of the lymphatics of
both the lungs by malignant cells.® The analysis of lit-
erature data performed by Bhattacharya et al. relates
to such condition with greater predilection for males
(60:40), and has a greater propensity to younger pop-
ulation.*” The most common locations of the primary
tumor are: lungs, breasts, pancreas, stomach and pros-
tate.*!° Li Zhuang explains the pathologic features of
PLC as a consequence of primary liver cancer.!! Patho-
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physiologically, cancer in the mediastinal and pul-
monary hilar lymph nodes may obstruct lymphatic
drainage, resulting in retrograde migration of cancer
cells into terminal lung tissues via lymphatic vessels, or
anterograde migration of cancer cells in the pleura into
the pulmonary hilar lymph nodes through intrapulmo-
nary lymph vessels.'"!?

Poorly differentiated adenocarcinomas, and sig-
net-ring cell carcinomas found in the intra hist-pat
study, were classified as “undifferentiated histological
types’, according to the Japanese classification of gastric
carcinoma.” Such malignancy with invasion into deep
penetration into the submucosa, lymphatics or venules
is associated with an increased risk of nodal metasta-
ses."” Signet ring histology is an independent predictor
of poor prognosis in gastric adenocarcinoma.®™

Interstitial lung disease (ILD) encompasses a large,
and diverse group of pathological conditions that share
similar clinical, radiological and pathological manifes-
tations with different aetiologies.”” Results of CT scans,
described as the ground glass with a tree-in-bud sign,
can be interpreted as: intensive inflammation various in
degree, and fibrosis of an interstitial tissue of the lungs
or very rarely miliary neoplastic pulmonary metastases.”

On the microscopic level, such metastases are char-
acterized by the presence of single neoplastic cells or
their clusters in the lumen of blood and lymphatic ves-
sels of the lungs sometimes accompanied by thrombi
consisting of thrombin and platelets.” Pathophysiologi-
cal lesions lead to constriction of the vessels lumen, thus
leading to perfusion disorders of the large area of the
lungs with further disorders of the perfusion to venti-
lation ratio.”

In the presented case, narrow contrast deficits were
observed only in more peripheral pulmonary arteries in
CT scan on the day of admission. The second CT scan
did not reveal microembolisms. Moreover, discovered
significant decrease of D-dimer, probably, was a result
of the heparin treatment, but it was not associated with
a clinical improvement.

According to Murry et al. disseminated pulmonary
tumor embolism should be suspected in a patient with
cancer who has dyspnoea, hypoxemia, and unexplained
PH, and is a common autopsy finding in patients with
cancer, but it is rarely diagnosed premortem.'s Con-
trast-enhanced CT, and pulmonary angiography are
not helpful to detect microembolisms, and their nega-
tive predictive value is low.'® In order to confirm the
diagnosis of microscopic pulmonary tumor embolism,
tissue must be obtained by either open-lung or trans-
bronchial lung biopsy."”

Such a method was refused due to terminal condi-
tion of the patient. However, based on the progression
of the disease and the described results of the imaging,
reference can be made to those with a related course.

Treatment of low-density heparin was includ-
ed due to primary suspicion of pulmonary embolism
based on radiological, and echocardiographic examina-
tion. Dexamethasone, and antibiotics were added as the
treatment method of systemic connective tissue disease
and bronchopneumonia. Thus, surgical treatment re-
mains the treatment of choice for early stage signet ring
carciomas.'®

Currently, there are no proven effective treatment
strategies for PLC.° Based on recent studies chemo-
therapy with a regimen of oxaliplatin, leucovorin and
5-fluorouracil, did not lead to life extension in the case
described by Gilchrist et al."” Despite that, there are
case reports of platinum-based chemotherapy leading
to transient remission.?

Patients with PLC included in the study of Densteed
et al. (six patients with an average age 26 and primary
gastric tumor), had a mean survival time of 22 days after
their first admission to hospital.”

Conclusion

Poorly differentiated cancer is believed to show poor
prognosis and aggressive behavior. Presented mani-
festation of malignant gastric cancer with abrupt pro-
gression, RV failure with symptoms of pulmonary
hypertension, can be a consequence of respiratory and
lymphatic systems affection by metastases.

Treatment options in high severity are limited and
not associated with life extension.

Followed conclusions can be made after analysis of
similar, described in literature cases, associated with the
microembolisms or pulmonary lymphangitis carcino-
matosa or heterogenous lung metastases.

Finally, extrapulmonary malignancies should be
considered in patients with symptoms of acute right
ventricular fajlure and nonspecific lesions in the respi-
ratory system.
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ABSTRACT

Introduction. Fibrodysplasia ossificans progressiva (FOP) is a very rare inherited disease leading to progressive ectopic ossi-
fication of muscle and soft tissue and resulting in severe immobilisation and premature death. The mutations in ACVRT gene
that codes the 1A activin receptor which belongs to the family of bone morphogenetic proteins (BMPs) are leading to clinical
symptoms.

Aim. In this raport we present 3 cases of paediatric FOP patients presenting varied clinical course of disease.

Description of the cases.

Case 1. A girl, currently 5 years old, was hospitalised for the first time at the age of 10 months with suspicion of a hyperplastic le-
sion of the left lumbar area. The time period between the first symptom, i.e. subcutaneous oedema, and the correct diagnosis
was about 8 months. The symptom with key importance for the diagnosis was congenital deformities of the thumbs and big toes.
Case 2. A 6-year-old girl with a congenital hallux valgus in both feet, a small painless nodular lesion in the area of the distal me-
taphysis of the femur, limiting the flexion of the knee joint, was diagnosed in the third month of life.

Case 3. A three-year-old girl was diagnosed with congenital defects i.e. hallux valgus of both feet. The first symptoms of the dis-
ease occurred during her 14th month when an oedema of the subcutaneous tissue of the nape area was observed.
Conclusion. Until recently, there has been no efficient therapy which could slow down the natural course of the disease and
currently the disease is treated as incurable. Of key importance from the perspective of patients is early diagnosis and, more
importantly, preventing traumas, surgical procedures, intramuscular injections, sparing dental treatment and ensuring avoid-
ance of airway tract infections.
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Introduction

Fibrodysplasia ossificans progressiva (FOP) is a very
rare genetic disease leading to progressive ectopic os-
sification of muscle and soft tissue. This disease occurs
irrespective of sex, race or geographical latitude in 1 per
2 million live births."? The first case was described more
than 250 years ago by a London physician, John Freke,
in a report from 1740. The next report that focused on
FOP was authored by Jules Rosenstirn from San Fran-
cisco in 1918.!

Fibrodysplasia ossificans progressiva is inherited in
an autosomal dominant manner with a low gene pene-
tration. This mutation, discovered in 2006, occurs in the
ACVRI gene that codes the 1A activin receptor which
belongs to the family of bone morphogenetic proteins
(BMPs). The 617G> A (R206H) mutation of the 1A ac-
tivin receptor gene (ACVRI, ALK2) is present in the
majority of FOP patients and is regarded as disease spe-
cific. There have been incidental reports of the muta-
tion of the de novo type e.g. in ACVR 1,067 G> A gene
(G356D). The 1A activin receptor is present in all body
tissues including muscle and chondral tissue in which
it helps to control development and growth of bones
and muscles and ossification of chondral elements.>?
A consequence of this mutation is excess BMP-4 pro-
tein produced in white blood cells that is responsible
for normal osteogenesis in the fetal stage. Additionally,
a low level of the BMP-4 antagonist noggin, which in-
hibits bone growth and development, is noticed in pa-
tients affected with the disease.*” Currently, intensive
studies are concerned with the following: an examina-
tion of the BMP-signalling pathway, a search for activ-
in receptor inhibitioning proteins, evaluation of toll-like
receptor-bone morphogenetic protein (TLR-BMP) sig-
nalling, the role of the innate immune system, includ-
ing monocytes, macrophages, mast cells, natural killer
(NK) and dendritic cells as well as T and B lymphocytes
and proinflammatory cytokines. The research ques-
tion posed in these studies is whether FOP is an autoin-
flammatory or autoimmune disease. The answer to this
question will determine the search for efficient treat-
ment methods.5*

The main clinical manifestation of this disease is
ectopic ossifications which usually occur in a specif-
ic sequence moving vertically downwards in the body,
gradually leading to patient immobillity in their 2-3%
decade of life. The outcome of this process is premature
death at approximately 40 years of age. Death occurs as
a result of circulatory and respiratory insufficiency, fre-
quently complicated with pneumonia.'*"

There are no specific tests allowing for a quick di-
agnosis, apart from the determination of a typical ge-
netic mutation. The symptoms which might be helpful
in a correct diagnosis are congenital defects of the toes
and fingers.

Description of the cases

Case 1.

A girl, currently 5 years old, was hospitalised for the
first time at the age of 10 months with suspicion of a hy-
perplastic lesion of the left lumbar area. The results of
diagnostic laboratory tests were inconclusive. The CT
and MRI examinations revealed a well-defined abnor-
mal soft-tissue structure adjacent to the dorsal muscles,
measuring 11x94x123 mm, not exceeding the dorsal
fascia and not penetrating the spinal canal. The lesion
was qualified for surgical resection. The findings from
the physical examinations performed one day before the
surgery revealed significant growth of the lesion to such
an extent that surgery was abandoned. A physical exam-
ination, performed at the age of 18 months, revealed a
hard oedema of subcutaneous tissue involving the neck,
nape, back and the lumbar area and, in the projection of
the right scapula - an elevated nodular lesion was ob-
served. The oedema restricted the mobility of the entire
spine and right shoulder joint. Only then was particu-
lar attention paid to the shortening of the thumbs in
both hands and the hallux valgus, observed immediate-
ly after birth of the child and qualified as a congenital
defect of the bone system. The laboratory tests revealed
only a slight increase of alkaline phosphatase activity.
The imagining diagnostics, comprising an ultrasound
and X-ray performed at that stage, did not reveal any
significant abnormalities with the exception of extensive
oedema of the subcutaneous tissue. The differential di-
agnostics took into consideration systemic diseases of
the connective tissue, fasciitis and oncological diseas-
es of soft tissues. The presence of anatomical anomalies
of the thumbs and large toes aided in a correct diagno-
sis, as on the basis of these symptoms, a suspicion of
FOP was noted and a typical ACVRI gene mutation was
confirmed. The child was subjected to chronic ibupro-
fen and anti-leukotriene therapy. In periods of exacer-
bations and after traumas, the treatment also included
glucocorticosteroids (GCs). Moreover, for 2 years, the
child was treated with pamidronate in intravenous infu-
sions for 3 consecutive days every 3 months. From the
time of pamidronate introduction, a significant decrease
in the frequency of exacerbations was observed. Despite
the applied therapy, within a 3.5 year follow-up period, a
significant progression of the disease occurred with nu-
merous ossifications and a silhouette deformity. A sig-
nificant reduction of the mobility of the entire spine,
frozen shoulder and elbow joints, hard palpable lumps
and multiple ossifications within the chest (Fig. 1.) and
abdominal cavity reaching the iliac wing (Fig. 2.) were
observed. An X-ray of the spine revealed ossifications of
the cervical vertebrae (Fig. 3.), numerous perispinal os-
sifications in the thoracic and lumbar spine, massive ad-
ditional calcifications and ossifications within the nape
soft tissues to the level of Th-6. In other areas, surplus
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Fig. 1. Chest X-ray examination of Patients 1 showing
multiple ossifications within the chest

Fig. 2. X-ray examination of Patients 1 showing ossification
in abdominal wall reaching the iliac wing

Fig. 3. X-ray examination of Patients 1 showing
ossifications of the cervical vertebrae

Fig. 4. X-ray examination of Patients 1 showing surplus
bone in both proximal tibial metaphyses

bone in both proximal tibial metaphyses (Fig. 4.) and
bilateral deformities with widening and shortening of
the femur were found. The cause of the last hospitaliza-
tion was diffuse hard nodules in the subcutaneous tis-
sue reaching from the mandibula to the manubrium of
the sternum which occurred during an infection of the
upper respiratory tract. The treatment was comprised
of pulses of methyl-prednisolone leading to a fast re-
gression of the lesions. In the described case, the time
period between the first symptom, i.e. subcutaneous oe-
dema, and the correct diagnosis was about 8 months.
The symptom with key importance for the diagnosis
was congenital deformities of the thumbs and big toes.

Case 2.

A 6-year-old girl with a congenital hallux valgus in both
feet, a small painless nodular lesion in the area of the
distal metaphysis of the femur, limiting the flexion of
the knee joint, was diagnosed in the third month of life.
On the basis of a typical X-ray image, a chondro-os-
teophyte was diagnosed, which was then surgically re-
moved at the age of 11 months. In the post-operative
period, a formation of hematoma was observed in the
scar, which then limited the mobility of the joint. With-
in a four-month follow-up period, the lesion had in-
creased 2-3 fold. The diagnosis was of a recurrence of
the chondro-osteophyte, measuring then 3.4 cm x 2.4
cm with adjacent calcifications. The child underwent re-
vision surgery. The histopathological report described
alteration of the chondro-osteophyte morphology with
hyaline cartilage and a wide band of enchondral ossi-
fication; under a connective tissue layer there was also
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a band of metaplastic myxoidal cartilage. Three weeks
after the revision surgery, a painful and tender oedema
of the scar reaching the proximal part of the femur was
observed and, after another 6 months, a follow-up X-ray
revealed some other numerous chondro-osteophytes
along the entire length of the scar on the medial side
of the proximal segments of both tibias. Another sur-
gery was proposed, but the parents did not consent. Two
and half years after the first symptom, on the basis of a
clinical picture, and on the current big toes anomaly, a
suspicion of FOP was made. The presence of a hetero-
zygotic p.R206h mutation in the sequence coding the
ACVRI gene was dertermined in a genetic examination.
Currently, in the physical examination, some shorten-
ing and hallux valgus of both big toes was found (Fig.
5); moreover, on the lateral side of the left femur un-
der the post-operative scar, some irregular bone mass-
es reaching the mid-thigh and an immobilisation of
the left knee joint with a progressive hyper-extension,
and thickening of the medial surfaces of both tibias was
found. The imaging diagnostics revealed band-like cal-
cifications in the iliotibial band with a length of approx.
40-50 mm which, segmentally, was connected with the
bone, stretching mainly in the lateral and medial vastus
muscle; the calcifications in the deep surface of the ten-
don reached the suprapatellar recess. In the distal part
of the left femur, there was an irregularly shaped chon-
dro-osteophyte on a wide base, originating from its an-
tero-lateral surface, along a segment of 7.5 cm long as
well as calcifications in the soft tissues (Fig. 6, 7). The
patient’s treatment comprised a chronic application of
indomethacin. After one of the many episodes of falls,
causing long-term immobilisations, prednisone was in-
cluded in the therapy, and after its introduction no ad-
ditional ossifications were observed.

Case 3.

A three-year-old girl born from first gestation, with an
uneventful family history, was diagnosed with congenital
defects i.e. hallux valgus of both feet. The first symptoms
of the disease occurred during her 14® month when an
oedema of the subcutaneous tissue of the nape area was
observed. Immobilisation in a Schanz collar brace and
NSAIDs were applied in the therapy. Two weeks after
the onset of treatment, the lesion had significantly in-
creased. A physical examination revealed a significant
limitation in cervical spine and shoulder joint mobility,
as well as a massive oedema covering the nape, neck and
the chest, reaching down to the lumbar area. Addition-
ally, an inflammation of the medium lobe of the right
lung was diagnosed. The laboratory tests showed an in-
crease in inflammatory protein concentration and an
increase in alkaline phosphatase activity. Imaging diag-
nostics (X-ray and CT) did not show any abnormalities
with the exception of the subcutaneous oedema. The ap-

Fig. 5. X-ray examination of Patients 2 showing shortening
and hallux valgus of both big toes

Fig. 6. X-ray examination of Patients 2 showing ossifications
in distal part of the left femur

Fig. 7. MRI scan of Patients 2 showing ossifications and
calcifications in the soft tissues
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plied treatment was comprised of parenteral antibiotics
and ibuprofen. The picture of the disease at that time
allowed for diagnosis of FOP, which was confirmed by
the presence of the heterozygotic p.R206h mutation in
the sequence coding of the ACVRI gene. Further obser-
vation of the child revealed frequent exacerbations, not
only after traumas or infections, but also spontaneous
ones, consisting of repetitive episodes of soft tissue oe-
demas followed by consecutive ossifications of the areas
of the nape, neck, scapula, chest and both upper ex-
tremities (Fig. 8,9). A physical examination at the age of
20 months, revealed an antero-flexion of the trunk with
a limitation of cervical spine mobility, alleviation of the
mobility in the shoulder joints and a limitation of flex-
ion to 90 degrees. Moreover, hard nodular infiltrations
and additional ossifications in the frontal, suprascapu-
lar and intrascapular areas, on the nape, as well as along
the thoracic spine, the left lumbar area, and along the
arms and forearms in addition to shortening and valgus
of the toes and discreet shortening of both thumbs were
observed. The chest and extremities X-ray revealed cal-
cifications and ossifications within the soft tissues, and
along the humeral bones joining the chest in the upper
medial section of the back and nape. The treatment con-
sisted of chronic administration of the NSAIDs, anti-
leukotriene agents and D3 vitamin supplementation.
After episodes of disease exacerbations before dental
and laryngological interventions, prednisone was ad-
ministered. Within the next few months, the dynamics
of the occurrence of the lesions was exceptionally pro-
nounced. Numerous exacerbations of the disease were
observed which led to the necessity of frequent use of
prednisone. At the age of 2.5 years, the girl lost the abil-
ity to walk independently and a physical examination
showed additionally a hard oedema in the subcutaneous
right lumbar area descending to the area of the buttocks
and into the proximal part of the right thigh. Laborato-
ry tests revealed increased levels of alkaline phospha-
tase with other results being within the normal range.
An X-ray revealed calcium-saturated bands in the soft
tissues of the upper part of the lumbar spine, the area of
the buttocks and the sacrococcygeal area and deformi-
ties of the necks of both femur and the head of the left
femur (Fig. 10). With regard to gait limitation, a deci-
sion was taken to administer GCs in the form of Solu-
Medrol pulses, according to the 1-3-5 day regime, which
allowed for a very rapid improvement of the patient’s
condition shortly after the first dose of the drug. The girl
started to walk the following day. Yet, still some repet-
itive “flashes” were observed leading to oedemas both
in the subcutaneous level of the chest and in the abdo-
men and extremities, which resulted in the necessity of
periodic use of prednisone, ranging from 4 to 5 times
per month. At that time, a decision to introduce pamid-
ronate was made. After the administration of the drug,

within a 6-month follow-up period, a significant reduc-
tion of disease progression was observed. In this case,
despite of the quick diagnosis, the lack of effective treat-
ment resulted in continual progress of the disease and
consequent disability. The fulminant course of the dis-
ease, with a limitation of the mobility of the entire spine,
chest, upper and lower limbs, occurring in such a short
period of time, are indicative of an extremely aggressive
course of the disease.

Fig. 8. X-ray examination of Patients 3 showing
ossifications in trunk area

Fig. 9. X-ray examination of Patients 3 showing
ossifications in neck area
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Fig. 10. X-ray examination of Patients 3 showing calcium-
saturated bands in the soft tissues of the upper part

of the lumbar spine, the area of the buttocks and the
sacrococcygeal area and deformities of the necks of both
femur and the head of the left femur

Discussion
The above-described cases allow us to conclude that the
correct diagnosis at the stage of oedema, before addi-
tional ossifications are formed, is associated with several
difficulties and the time period between the occurrence
of the first symptoms and the establishment of the diag-
nosis ranged between 3 months and 2.5 years, the latter
being the case with an atypical course. New bony tissue
was formed outside the skeleton, mostly in the muscles,
ligaments, fascia and tendons, avoiding the muscles of
the diaphragm, tongue, heart, eye and smooth tissues,
which agrees with published reports.’ There were errone-
ous suspicions of cancer, including sarcoma, osteosarco-
ma, lymphomas and desmoid tumours. In consequence,
the decision to perform surgery was made, after which
usually the ossification process was intensified, which
was observed in two of the described cases.'? Positive
support for the diagnostic process was the presence of
typical phenotype defects, observed immediately after
birth, the presence of which was found in each of the de-
scribed cases. These defects comprise microdactylia and
valgus of the big toes occurring as a result of the defor-
mity of the first metatarsal bone and lack of formation
of the interphalangeal joint, and, sometimes also clin-
odactyly of the fifth toe.”*'s In two children, a shorten-
ing of the thumbs was observed, yet this defect occurred
less frequently. Additionally, in all the described cases,
an X-ray revealed deformities of the vertebral bodies
in the cervical spine, together with a bony adhesion of
C2-C7, short and wide femur necks and chondorosteo-
phytes within the proximal tibia, which is a feature fre-
quently reported in many publications.'*!¢*

In spite of the presence of the typical p.R206h ho-
mozygotic mutation in the sequence coding of the

ACVRI gene, disease development may be varied. A
typical picture is characterized with periods of exacer-
bations, within which new bone is usually formed. Also,
the reports declare that the flashes are mainly triggered
by traumas, surgeries, biopsies, intramuscular injec-
tions, muscle overloads and infections, but can also be
spontaneous.”*

In two of the children described above, progressive
heterotrophic ossification had a specific course, involv-
ing first the areas of the nape, neck, spine area, back and
shoulder girdle, extending then to the distal segments of
the upper extremities, chest, and through the abdomi-
nal integuments to the lower limbs. Initially, the lesions
formed nodular subcutaneous infiltrations, above which
the skin was unchanged and sometimes with vessels vis-
ible through the skin. Gradually, these lesions hardened
forming a new bone located in the muscles and around
the joints and were followed by limitation of mobility,
stiffness and sometimes, subluxations of the joints.'*?*?*
Incidentally, differences in the ossification sequence are
observed in spite of the presence of a typical mutation,
as seen in Case 2. Each of the described cases, presented
different dynamics in symptoms development and in-
volvement of the motor organ: beginning with a very
aggressive course impairing physical activity in a very
short period of time (Case 3) ending with a latent form,
without flashes even at large traumas, the onset of which
had an atypical location (Case 2).> The results of lab-
oratory tests were normal, apart from an elevation of
alkaline phosphatase activity in the periods of exacerba-
tion in Cases 1 and 3. The diagnosis may be facilitated
by conventional X-rays in which the foci of heterotop-
ic ossification may be visualised. Such examinations as
CT or MRI are pointless in the early stage of the disease.
For a correct diagnosis, it is enough to diagnose typical
big toe anomalies and to confirm the mutation of the
ACVRI gene. ¥

Currently there is no efficient therapy of FOP, which
could prevent the formation of new ossifications. At-
tempts to the resect a new bony tissue result in an even
larger and more intensive ossification in the locations of
an intervention, which happened in Case 2. The guide-
lines for a symptomatic treatment are presented on the
IFOPA website. The application of GCs in the periods
of exacerbations seem to be the most effective in treat-
ment. In the case of the involvement of large joints, the
head and the neck, mega-doses of GCs, administered
parenterally are recommended. This treatment might
lead to the fast regression of oedematous lesions and
alleviate strong pain while at the same time improve
joint mobility — as was observed in 2 cases. As a stan-
dard supportive therapy, non-steroid anti-inflammatory
drugs, leukotriene inhibitors and agents stabilizing mast
cells are used, yet they do not affect disease activity. At-
tempts of long-term immunosuppression, according to
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the published data, render positive results in some cases,
yet the general use of drugs from this group is not rec-
ommended. Some significant improvement was made
after the application of bisphosphonates, which were
administered in 2 of the 3 described cases, obtaining a
decrease in the number of flashes and the reduction of
the applied doses of GCs.'>** Some hopes have been
placed in a procedure of allogenic bone marrow trans-
plantation, which lead to the elimination of lympho-
cytes which are genetically programmed to produce an
excess of BMP-4. The studies performed on an animal
model revealed that an allogenic bone marrow trans-
plantation followed by immunosuppressive therapy re-
duced extra-skeletal ossification, although it did not
result in remission of the disease.® High hopes have also
been placed in the use of palovarotene, the efficiency of
which is currently being evaluated in clinical studies.*

Conclusion

Until recently, there has been no efficient therapy which
could slow down the natural course of the disease and
currently the disease is treated as incurable. Of key im-
portance from the perspective of patients is early di-
agnosis and, more importantly, preventing traumas,
surgical procedures, intramuscular injections, sparing
dental treatment and ensuring avoidance of airway tract
infections.
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tables, avoid vertical separators.

Figures should have the Arabic Numerals and a
caption placed under it. They should be numbered in a
sequence of appearance of the first reference in the text.
One should ensure whether every figure is mentioned
in the text.

the first appearance of the abbreviation in the text, with
the exception of standard units of measurement.

The abbreviation used for European Journal of Clinical
and Experimental Medicine is Eur J Clin Exp Med.

The Editorial Staff reserves itself a possibility to
introduce amendments without contacting the Author.

The Authors and the reviewers do not receive any
compensation for publishing the article.

The Editorial Office does not charge the Authors for
publishing the article in the journal.

Papers written incompatibly with the rules deter-
mined in the hereby Instructions cannot be published in
the European Journal of Clinical and Experimental Medicine.

INSTRUCTIONS FOR SUBMITTING

THE MANUSCRIPT

The Editorial Office accepts articles English language. The
Authors whose Polish-language article is qualified for
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publications are required to translate it into English within
10 days following the date of receiving the information
about the article being accepted for publication.

To send the article to the Editor one should use the
system ScholarOne Manuscripts which can be found on
https://mc04.manuscriptcentral.com/pmur

To submit an article the Author has to be signed in
the aforementioned system. The account can be created
by clicking on Register here.

During the registration one should state his or hers
scientific degree, first name, last name, email address.
Next one should give his or hers address country, city
and postal code. Finally one should set a password and
click Finish. If the user already has an existing account
it is enough to log in at the journal’s web site and enter
the Author Center.

After logging on to the system, the Authors are
obliged to fill standard declarations (check list) concerning
funding source, a declaration not to publish the article in
other journals, complying with ethical guidelines, consents
from all the Authors, transferring copyright, declaration
confirming reading the instructions for Authors as well
as declaration of revealing any conflict of interest.

The instruction and help can be found on the
website: http://mchelp.manuscriptcentral.com/
gethelpnow/training/author (Author User Guide file).

SUBMITTING AN ARTICLE

To start sending a new article log in to your user
account and click on Click here to submit a new
manuscript in Author Resources.

Step 1. The type, Title & Abstract

At this stage you should choose the type of the article,
type in the title, abbreviated title (Running Head) and
the abstract.

Step 2: Attributes
You should insert 3 key words related to the article.

Step 3: Authors & Institutions

Optionally, you can give the names of all the Authors (it is
not necessary). In Add Author you should find a co-author
by typing his or hers email address. If the co-author does
not have an existing account in the system you should click
on Create a new co-author and follow the instructions.

Step 4: Reviewers

You should pinpoint four proposed recommended
Reviewers (name, institution and email address). The
reviewers cannot be in any conflict of interest with the

Authors and cannot come from the same facility as
the Authors. To add a proposed reviewer click on Add
Reviewer.

Step 5: Details & Comments

During this stage you can add a Cover Letter. If there are
any funding sources you should list them in Funding. In
the Check List you should give information concerning:
the number of figure, the number of tables, the word
count, and confirmation of the declarations: no previous
publications of the article, fulfilling ethical requirements,
consent of all the Authors for publishing, transferring the
copyright, familiarizing with the Instruction for Authors,
translating the paper to English and revealing any conflict
of interest.

Step 6: File Upload

You should send the article in two files. In FILE
DESIGNATION you should choose Title Page, then click
Select File I and choose the appropriate document. In FILE
DESIGNATION you should choose Main Document, then
click Select File 2 and choose the main body document.

Then click: Upload Selected Files.

Step 7: Review & Submit

You should check if the information concerning the
metadata is correct. You should click View PDF proof and
then confirm by clicking Submit.

Sending the manuscript continuation:

To continue sending the manuscript click Unsubmitted
and Manuscripts in Draft in My Manuscripts and then
click Click here to submit a revision.

Revised Manuscripts:

To send an amended manuscript click ,Manuscripts with
Decision’ in My Manuscripts and then click Click here to
submit a revision.

Checking the status of manuscript:

To check on the status of the article click Submitted
Manuscripts in My Manuscripts. The status of all the sent
manuscripts can be checked in My Manuscripts.

For the Authors sending their articles to the European
Journal of Clinical and Experimental Medicine via
the ScholarOne Manuscripts system there is a manual
and help which can be found on http://mchelp.
manuscriptcentral.com/gethelpnow/training/author/
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