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World Inflammatory Bowel Diseases (IBD) Day takes place on May 19
each year with the aim to unite people worldwide in their fight against
Crohn’s disease and ulcerative colitis, known as inflammatory bowel
diseases. Throughout the month of May, the European Federation of
Crohn's & Ulcerative Colitis Associations (EFCCA) is working to increase

awareness of 1BD, educate the public about these diseases, and raise funds
IBD and

to support efforts in finding better IBD cures and improving the patients
Well-being

ErCca

Liow 19 MAY ﬁﬁ' s

quality of life.

o=
Svetski dan inflamatornih bolesti creva (inflamatory bowel diseases — IBD)
odrZava se 19. maja svake godine sa ciljem da ujedini ljude Sirom sveta u
borbi protiv Kronove bolesti i ulceroznog kolitisa, poznatih kao
inflamatorne bolesti creva. Tokom meseca maja, Evropska federacija
asocijacija za Kronovu bolest i ulcerozni kolitis (EFCCA) nastoji da
poveca svest 0 IBD, da obrazuje javnost u vezi sa ovim bolestima, kao i da
prikupi sredstva koja su neophodna za pronalaZenje boljih lekova za IBD i
poboljSanje kvaliteta Zivota obolelih.

#worldibdday202] #breakthesilence
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Is there a correlation between blood glucose curve and the insulin
resistance during oral glucose tolerance test in females suffering from

polycystic ovary syndrome?

Da li postoji korelacija oblika glikemijske krive i rezistencije na insulin u toku
testa oralnog opterec¢enja glukozom kod Zena obolelih od sindroma policisti¢nih

jajnika?

Svetlana Spremovi¢ Radjenovié¢*', Miljan Pupovac*

*University of Belgrade, Faculty of Medicine, Belgrade, Serbia; 'Clinical Center of
Serbia, Clinic for Gynecology and Obstetrics, Belgrade, Serbia

Abstract

Background/Aim. Insulin resistance occuts in approxi-
mately 60—80% of women with polycystic ovary syndrome
(PCOS) and in 95% of obese women with PCOS. Previous
studies have shown that the shape of the glucose curve ob-
tained during an oral glucose tolerance test (OGTT) may be
useful as a metabolic screening parameter and could give in-
sight into the future risk of diabetes mellitus type II. The
aim of this study was to determine the frequency of insulin
resistance according to the Homeostasis model assessment
of insulin resistance (HOMA-IR) and indirect assessment
method of insulin resistance based on insulinemias during
the oral glucose tolerance test (OGTT) (here in after “insu-
linemias during the OGTT”), as well as, frequency of glu-
cose cutve shapes (monophasic, biphasic, triphasic) in pa-
tients with PCOS. Also, the aim of research was testing the
correlation between glucose curve shape and peak time of
glucose during the OGTT with presence of insulin re-
sistance in patients with PCOS. Methods. Patients were
observed according to the following parameters: presence
of insulin resistance, glucose curve shape and peak time of

Apstrakt

Uvod/Cilj. Ucestalost insulinske rezistencije u grupi
bolesnica sa sindromom policisti¢nih jajnika (PCOS) krece
se od 60% do 80%, dok u populaciji gojaznih Zena sa
PCOS iznosi ¢ak 95%. Ranija istrazivanja su pokazala da
oblik glikemijske krive u toku testa oralnog optereéenja
glukozom (OGTT) moze biti koristan metabolicki skrining
parametar za rizik od nastanka dijabetesa melitusa tip II.
Cilj rada bio je odrediti ucestalost insulinske rezistencije
prema homeostaznom modelu procene insulinske re-
zistencije (HOMA-IR) i metodom indirektne procene in-
sulinske rezistencije na osnovu insulinemija u toku OGTT

glucose and insulin during the OGTT. Results. The ob-
served prevalence of insulin resistance in the PCOS group
according to the HOMA-IR > 2.5 was 66.19% and accord-
ing to insulinemias during the OGTT was 78.42%. The
shape of the glucose curve was monophasic in 293
(70.26%), biphasic in 56 (13.43%) and triphasic in 68
(16.31%) of patients. There was statistically significant dif-
ference in the frequency of insulin resistance, according to
glucose curve shape, only when it was defined by insuline-
mias during the OGTT (p = 0.005). Conclusion. According
to results of the study, the most patients with PCOS have a
monophasic shape of glucose curve. When we take frequen-
cy of insulin resistance in account, we notice approximately
the same frequency in all types of curves, when it is defined
by the HOMA-IR. On the other hand, when insulin re-
sistance is defined by insulinemias during the OGTT, re-
sistant patients with PCOS mostly have triphasic glucose
curve shape.

Key words:
polycystic ovary syndrome; glucose tolerance test;
blood glucose, insulin resistance.

(u daljem tekstu “vrednosti insulinemija u toku OGTT”),
kao i ucestalost oblika glikemijske krive (monofazne, bi-
fazne, trifazne) u populaciji bolesnica sa PCOS. Takode,
cilj studije je bio ispitivanje povezanosti oblika glikemijske
krive, kao i vremena glikemijskog pika u toku OGTT sa
insulinemijama, sa prisustvom insulinske rezistencije u
populaciji Zena sa PCOS. Metode. Bolesnice smo posmat-
rali u odnosu na prisustvo insulinske rezistencije, oblik
glikemijske krive i u odnosu na vreme glikemijskog i insu-
linskog pika u toku OGTT. Rezultati. Ucestalost insu-
linske rezistencije na osnovu HOMA-IR > 25 iznosila je
66,19%, dok je na osnovu vrednosti insulinemija u toku
OGTT iznosila 78,42%. Monofazni oblik glikemijske krive

Correspondence to: Miljan Pupovac, University of Belgrade, Faculty of Medicine, Dr Suboti¢a Street 8, 11 000 Belgrade, Serbia. E-mail:

miljanpupovac@gmail.com



Page 488

VOJINOSANITETSKI PREGLED

Vol. 78, No 5

u toku OGTT je imalo 293 (70,26%), bifazni 56 (13,43%),
a trifazni oblik krive 68 (16,31%) bolesnica. Statisticki
znacajna razlika u pogledu ucestalosti insulinske rezistenci-
je u odnosu na oblik glikemijske krive registrovana je kada
je insulinska rezistencija bila definisana na osnovu vred-
nosti insulinemija u toku OGTT (p = 0,005). Zakljucak.
Prema rezultatima studije, vecina bolesnica sa PCOS ima
monofazni oblik glikemijske krive. Kada govorimo o
ucestalosti insulinske rezistencije u odnosu na oblik krive,

uocava se priblizno ista ucestalost kada insulinsku re-
zistenciju definiSemo po HOMA-IR. S druge strane, kada
insulinsku rezistenciju definiSemo na osnovu vrednosti in-
sulinemija u toku OGTT, bolesnice sa insulinskom re-
zistencijom vecinom imaju trifazni oblik glikemijske krive.

Kljucne reci:
jajnik, policisti¢ni, sindrom; glukoza, test tolerancije;
glikemija; insulin, rezistencija.

Introduction

Polycystic ovary syndrome (PCOS) is a common endo-
crinopathy affecting 6-10% of reproductive-aged women -3,
Beside the reproductive dysfunction, androgenic excess and
polycystical structure of ovaries, which stands for the basic
parameters that define this syndrome, the special attention
should be paid to metabolic aspect of this complex disorder.
PCOS is a significant risk factor in the occurrence of glucose
intolerance (IGT), metabolic syndrome and diabetes mellitus
type 1l in females *®. The frequency of insulin resistance in a
group of patients with PCOS varies from 60-80%, while in a
group of obese women with PCOS it goes up to 95% 57.

The oral glucose tolerance test (OGTT) with determin-
ing the level of insulinemia is used as an accepted clinical
method in assessing the occurrence of insulin resistance. It is
most commonly used in patients suffering from PCOS. Ear-
lier studies showed that the shape of glucose curve during the
OGTT can be used as a useful metabolic screening parame-
ter ® for a risk of occurring diabetes mellitus type I1°. Mo-
nophasic glucose curve shape goes in favour of the worsen-
ing of insulin sensitivity and the damage of beta cells °,
while the more complex shapes of glucose curve are corre-
lated with the better glucose tolerance 1.

The aims of this study were: to determine the frequency
of insulin resistance in a population of females, suffering
from PCOS according to the Homeostasis model assessment
of insulin resistance (HOMA-IR) and according to indirect
assessment method of insulin resistance based on insuline-
mias during the OGTT (here in after “insulinemias during
the OGTT”); to determine the frequency of the shape of the
glucose curve (monophasic, biphasic and triphasic) in a pop-
ulation of females suffering from PCOS; to examine the
presence of the correlation between the glucose curve shape
and the insulin resistance during the OGTT with determining
the level of insulinemias in patients suffering from PCOS; to
examine the possible correlation between the time of the gly-
cemic peak during the OGTT with determining the level of
insulinemias and the presence of insulin resistance in popula-
tion of females suffering from PCOS.

Methods

Totally 417 female patients were included in this ret-
rospective study, that were hospitalized on the Depart-
ment of Gynecological Endocrinology, Clinic for Gyne-
cology and Obstretics, Clinical Center of Serbia, in a pe-

riod from January 1st, 2017 until December 31st, 2018.
Patients were hospitalized due to the plan, regarding the
further examination of irregular menstrual cycles or due
to the clinical signs of hyperandrogenism. During the
hospitalization patients were completely examined, in-
cluding physical examination, ultrasound examination and
laboratory analysis. The blood was taken from each pa-
tient in order to determine the basic hormonal status (fol-
licle stimulating hormone — FSH, luteinizing hormone —
LH, prolactin, estradiol, progesterone and testosterone)
and androgen  status  (androstendione,  17-OH-
progesterone, dehydroepiandrosterone sulfate — DHEA-S,
sex hormone binding globulin — SHBG). The OGTT with
determining the level of insulinemias was carried out. Pa-
tients’ data were collected from medical histories.

The diagnosis of PCOS was established based on the
Rotterdam criteria 2. For establishing the diagnosis two
out of the following three criteria were necessary to be
fulfilled: hyperandrogenism — clinical symptoms (hir-
sutismus and/or acne) and/or confirming biochemical
analysis (increased levels of testosterone and/or andros-
tenedione);  chronic  anovulation -  oligomenor-
rhea/amenorrhea; polycystic morphology of ovaries — at
least 12 follicles with diameter 2-9 mm and volume of at
least one ovary should be greater than 10 mL.

Patients, diagnosed with some other endocrinological
disease (hyperprolactinaemia, hyper/hypothireoidism,
Cushing syndrome, nonclassic adrenal hyperplasia) and
also the patients, who were using oral contraceptive ther-
apy or drugs that could affect the metabolism of glucose
and have an impact on insulin sensitivity were excluded
from this study. All stated data was collected from the
medical histories of patients.

The OGGT was performed as follows: first of all, the
basic sample for glycemia and insulin level was taken
from patients. Hereupon, patients drank a standard 75 g
glucose solution, and samples were taken for determining
glycemia and insulin at 0, 30, 60, 120 and 180 minutes.

Insulin resistance was defined in 2 different ways. The
first way of determining the insulin resistance was by using
the HOMA-IR. It was calculated using the following for-
mula: fasting glycemia (mmol/L) x fasting insulinemia
(uIU/mL)/22.5 B, The borderline of the HOMA-IR was
from 2.5 and it was taken from the basic research. Values
above mentioned one were defined as insulin resistance.

The second indicator of insulin resistance was de-
fined based on borderline values for insulin in 0 minute
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(10 > 22.1 plU/mL), 60 minute (160 > 130 pulU/mL) and
in 120 minute (1120 > 30 plU/mL), that were given in
Greenspan’s Basic & Clinical Endocrinology 4. We will re-
fer to this method in the text as “indirect assessment method
of insulin resistance based on insulinemias during OGTT”
(“insulinemias during OGTT”).

The glucose curve shape

Monophasic shape of the glucose curve is characterized
by the glycemic peak between the 30th and the 120th minute,
as well as the significant decrease in glycemia values from
minimum 0.25 mmol/L between the 120th and the 180th mi-
nute upon starting the OGTT (G180-G120 <-0.25
mmol/L) 8 (Figure 1a).
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Fig. 1 — The glucose curve shape: (a) Monophasic curve
shape; (b) Biphasic curve shape; (c) Triphasic curve
shape.

Biphasic shape of glycemic curve is characterized by
peak of glycemia in the 30th or the 60th minute, as well as
the significant increase in glycemia values between the 120th
and the 180th minute (G180-G120 > 0.25 mmol/L). If the
peak is reached in the 30th minute, one should have in mind
the significant increase of glycemia between 60th and 180th
minute (G180-G60 > 0.25 mmol/L) &3 (Figure 1b).

Triphasic shape curve is characterized by peaks in the
30th and 120th minute, as well as the negative peak in the
60th minute. The significant decrease in glycemia values be-
tween the 120th and the 180th minute criterion has to be ful-
filled (G180-G120 < -0.25 mmol/L) &5 (Figure 1c).

The shape of the curve that is described as unclassified oc-
curs when insignificant changes of glycemia values between
the 120th and the 180th minute (< 0.25 mmol/L) are noticed.

The patients with this glucose curve shape were excluded
from the study.

Statistical analysis

The database was created in Microsoft Office Excel.
Statistical data analysis was done using SPSS software 20.0
(Statistical Package for the Social Sciences) for Windows
(SPSS Inc., Chicago, IL, USA). For statistical data pro-
cessing, methods of descriptive and analytical statistics were
used. Relative numbers and arithmetic meanings were used
from descriptive statistical methods. To test the significance
of the difference in arithmetic meanings, the t-test and
ANOVA were used, while the y? test was used to test the
significance of the frequency difference. In case the neces-
sary condition for using the mentioned tests were not ful-
filled, the appropriate nonparametric tests were applied:
Kruskal-Wallis test and Mann-Whitney test.

Results

Study group consisted of 417 patients suffering from
polycystic ovary syndrome. Monophasic shape of glucose
curve obtained through the OGTT had 293 (70.26%), bipha-
sic 56 (13.43%) and triphasic shape of glucose curve had 68
(16.31%) patients. By comparing the mean values of body
mass index (BMI) in patients with monophasic (23.68 + 5.09
kg/m?), biphasic (22.12 + 3.55 kg/m?) and triphasic (22.41 +
4.6 kg/m?) shape of glucose curve we found the statistically
significant difference between these groups (p < 0.05). How-
ever, these correlations showed no signs of clinical signifi-
cance, due to the fact that the mean values of BMI in all
three groups of patients belong to a group of normally nour-
ished patients.

The frequency of insulin resistance based on the
HOMA-IR > 2.5 amounts to 66.19% (276 out of total 417
patients). The majority of women with insulin resistance had
a monophasic shape of glucose curve. Elaborately, 198 pa-
tients with insulin resistance had a monophasic glucose curve
shape, which represents 67.58% of the total number of pa-
tients with monophasic shape curve. Additionally, a triphasic
shape of glucose curve, that was noticed in 41 patients
(60.29% from a total number of patients with triphasic glu-
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cose curve shape) was on the second place. Finally, biphasic
glucose curve shape was seen in 37 patients with insulin re-
sistance (66.07% of patients with biphasic shape of glucose
curve obtained during OGTT). There was no statistically
significant difference in comparison between the frequency
of insulin resistance and the shape of glucose curve (p >
0.05) (Figure 2a).

The frequency of insulin resistance according to insu-
linemias during the OGTT amounts to 78.42% (327 out of to-
tal of 417 patients). The majority of patients with insulin re-
sistance had a monophasic shape of glucose curve. Elaborate-
ly, 231 patients had insulin resistance, which represented
78.84% from the total of patients with monophasic shape of
glucose curve. Triphasic glucose curve shape, that was noticed
in 60 patients (88.23% from a total number of patients with
triphasic shape of glucose curve) was on the second place. Fi-
nally, biphasic shape of glucose curve was determined in 36
patients with insulin resistance (64.28% of patients with bi-

phasic shape of glucose curve obtained during OGTT). There
was a statistically significant difference noticed in comparison
between the frequency of insulin resistance and the shape of
glucose curve (p = 0.005) (Figure 2b).

Regarding the time of the glycemic peak, from the total
number of 293 patients with monophasic curve, 146 (49.83%)
had a peak time in the 30th minute, 139 (47.44%) in the 60th
minute and 8 (2.73 %) in the 120th minute (Figure 3a). When
talking about patients with a biphasic curve, from the total
number of 56 patients, 44 (78.57%) had a peak time in the
30th minute, 11 (19.64%) had a peak in the 60th minute and 1
(1.79%) in the 180th minute (Figure 3b). As for patients with
triphasic glycemic curve, from a total number of 68, 66
(97.06%) patients had a peak time of the 30th minute and 2
(2.94%) in the 120th minute (Figure 3c). There was no statisti-
cally significant difference in the frequency of insulin re-
sistance compared to the glycemic time (p > 0.05). The same
holds true for all criteria of insulin resistance (Figure 3).
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Fig. 2 — The frequency of insulin resistance in the group of patients with monophasic,
biphasic and triphasic glucose curve shape, when the insulin resistance is defined
according to the homeostasis model assessment of insulin resistance (HOMA-IR) > 2.5
(a) and according to insulinemias during the oral glucose tolerance test (OGTT) (b).
(-)IR patients without insulin resistance; (+)IR patients with insulin resistance.
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during oral glucose tolerance test (OGTT).

(-)IR patients without insulin resistance; (+)IR patients with insulin resistance.

There was no statistically significant difference regard-
ing the frequency of insulin resistance compared to the time
of insulin peak, when it was defined according to the
HOMA-IR > 2.5 (p > 0.05) (Figure 4a).

There was statistically significant difference regarding
the frequency of insulin resistance compared to the time of
insulin peak, when it was defined according to insulinemias
during the OGTT (p = 0.002) (Figure 4b).

When comparing the areas underneath the monophasic,
biphasic and triphasic glucose curves (AUCglu) no statistical

significance was found (p > 0.05). The same holds true for
comparing the areas underneath the AUCglu of patients that
were suffering from insulin resistance and the ones who were
not (especially for the HOMA-IR > 2.5 and according to in-
sulinemias during the OGTT) (p > 0.05).

When comparing the areas underneath the insulinemia
curve (AUCIins) of patients with monophasic, biphasic and
triphasic shapes of glucose curves no statistical significance
were calculated (p > 0.05). When compared the surface un-
derneath the AUCins of patients with insulin resistance and
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60th, 120th and 180th minute, when insulin resistance is defined according to the
homeostasis model assessment of insulin resistance (HOMA-IR) > 2.5 (a) and according to
insulinemias during the oral glucose tolerance test (OGTT) (b).

(-)IR patients without insulin resistance; (+)IR patients with insulin resistance.

the ones without it and when insulin resistance was defined
according to the HOMA-IR > 2.5, no statistical significant
difference was found (p > 0.05). There was a statistically
significant difference in the AUCins in patients with insulin
resistance and the ones without insulin resistance, when insu-
lin resistance was defined according to insulinemias during
the OGTT (p = 0.003).

Discussion

The OGTT with determining the level of insulinemias
is widely used in clinical praxis, as the most useful method in

assessing the presence of insulin resistance. It is mostly used,
when patients are suffering from PCOS. Based on the previ-
ously acquired data, simple and more practical methods for
measuring insulin resistance have been developed. Among
them stands homeostasis model assessment of insulin re-
sistance (HOMA-IR) that was used in our current study.

Beside this parameter, in our investigation we used con-
solidated reference values for insulin in the Oth, 60th, 120th
minute of OGTT defined by Greenspan’s Basic and Clinical
Endocrinology, as indicator of insulin resistance 4.

Due to the fact that there is no consistent method of the
OGTT interpretation and that there is no precise way of de-
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fining insulin resistance, we wanted to see if the glucose
curve shape and the time of glucose peak could be a useful
tool in detecting insulin resistance in patients suffering from
polycystic ovary syndrome. As far as it is known, based on
studying available literature, correlation between glucose
curve shape and insulin resistance in women with PCOS is
an original idea of this study and it is published in this article
for the first time.

Previous research that was performed on this topic, has
shown that there is an increased risk of the occurrence of
prediabetes in adults with the following morphological char-
acteristics of the glucose curve: the time of glycemic peak af-
ter the 30th minute, the glucose concentration in the 60th
minute > 8.6 mmol/L and monophasic shape curves ° 16-18,

It has been observed that most people with normal glu-
cose values and normal insulin sensitivity have peak glyce-
mia in the 30th minute or earlier 1> 1%2° while on the other
hand, the delayed glycemic time (> 60 minutes) is observed
in adults who are suffering from type 11 diabetes mellitus °.

When talking about the time of the glycemic peak of
the monophasic curve, an equal number of patients with in-
sulin resistance show an early peak in the 30th minute and a
delayed peak at the 60th or the 120th minute.

Based on our results, total insulin response during the
OGTT correlates with insulinemias during the test, whereas
the HOMA-IR does not correlate. Clinical importance of
these two data should be defined and requires further study.

In the study that was engaged in the reproducibility of
morphological parameters of the glucose curve during the
OGTT, such are the time of the insulin peak, the time of gly-
cemia peak, the shape of the curve, the glucose concentration
in 1h after testing, that the time of the glycemic peak proved
to be the most reliable parameter 2,

In general, it has been shown that people with biphasic
glucose curves have lower BMI, better glucose tolerance, in-
sulin sensitivity, and beta cell function, compared to those
patients that are characterized by the monophasic shape of
the glucose curve & 1011,

A more complicated glycemic and insulin response dur-
ing the 3h-OGTT (that involves a greater number of phases)
is associated with better glucose tolerance, beta cell function
and greater insulin sensitivity 1.

In our study, the majority of patients were characterized
by the monophasic shape of the glucose curve (70.26%),
while the frequency of biphasic (13.43%) and triphasic
curves (16.31%) was almost identical. Having in mind the
results of previous studies that dealt with the shapes of glu-
cose curve in the population of patients with normal glucose
tolerance, as well as in the population of patients with im-
paired glucose tolerance (IGT) and diabetes mellitus, it was
expected that the incidence of insulin resistance was the
highest in the group of patients with monophasic glucose
curve shape, while the more complex shapes of the curve
(biphasic and triphasic in our case) should act protective, in
the sense of improving the insulin sensitivity. This was not
the case in our research. As already mentioned, most patients
with PCOS have a monophasic shape of glucose curve, but
when the insulin resistance is defined by HOMA-IR, we no-
tice approximately the same frequency. On the other hand,
when the insulin resistance is defined by insulinemias during
the OGTT, the frequency of insulin resistance in the popula-
tion of patients with triphasic shape of the glucose curve is as
high as 88.23%.

Conclusion

According to results of the study, the most patients with
PCOS have a monophasic shape of glucose curve. When we
take frequency of insulin resistance into account, we notice
approximately the same frequency in all types of curves,
when it is defined by the HOMA-IR. On the other hand,
when insulin resistance is defined by insulinemias during the
OGTT, resistant patients with PCOS mostly have triphasic
glucose curve shape. The time of glycemic peak is not relat-
ed to the frequency of insulin resistance in patients with
PCOS, under no criteria of insulin resistance.
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Abstract

Background/Aim. There is a constant and dramatic in-
crease in hip and knee prosthetic implantations worldwide.
However, a decrease in the percentage of failed (infected)
prosthetic implantations is not significant (0.5% up to 2%).
The real challenge is whether prosthetic joint loosening was
caused by aseptic inflammation or by infection. The aim of
the present study was to attempt to distinguish sterile in-
flammation from infection in patients with a painful hip or
knee prosthetic joint. Another objective was to determine
the accuracy of cumulative bone scintigraphy with meth-
ylenediphosphonate (MDP) and ciprofloxacin in diagnosis
of periprosthetic joint infection (PJI). Methods. Three-
phase bone scintigraphy with *™Tc-MDP and %™Tc-
ciprofloxacin was used. The patient selection criterion for
this study was a suspicion of PJI followed by painful and
limited movement of the prosthetic joint, accompanied by
elevated unspecific inflammatory factors. Forty five patients
with 39 implanted hips and 24 knee prostheses were includ-
ed and evaluated. All prosthetic joints were examined (alt-
hough some of them were asymptomatic) and underwent
plain radiography. An average time span between the two
nuclear medicine imaging procedures was 3-5 days. Three-

Apstrakt

Uvod/Cilj. Postoji dramati¢an i konstantan porast ugradnje
novih proteza kuka i kolena sirom sveta. Medutim, procenat
neuspelih (inficiranih) protetskih implantacija se ne smanjuje
znacajno (0,5% do 2%). Pravi izazov je pitanje da li je nasta-
lo razlabavljenje protetskog zgloba uzrokovano asepticnom
upalom ili infekcijom. Cilj studije bio je pokusaj odvajanja
sterilne upale od infekcije kod bolesnika sa bolnim pro-
tetskim zglobovima kuka ili kolena. Pored toga, nas cilj je

bio da utvrdimo tacnost kombinovane scintigrafije kostiju

phase ™Tc-MDP bone scintigraphy was performed first.
Scintigraphy with *™Tc-ciprofloxacin was necessarily in-
volved calculation of the accumulation index. The obtained
results were confirmed by microbiological findings as a gold
standard. Statistical analysis of the results was performed us-
ing SPSS version 20 software (descriptive statistics, y2-test).
Sensitivity, specificity, and predictive values were also calcu-
lated. Results. Microbiologically confirmed PJI was found
in 16 out of 39 hip prostheses. Positive scintigraphy was ob-
tained in 15 out of 39 prosthetic hip joints. PJI was found
using scintigraphy of the knee, and microbiologically con-
firmed in all 13 out of 24 suspected joints. Estimated sensi-
tivity/specificity of ™ Tc-MDP bone scintigraphy alone (for
both joints) was 90%/69%, for ™ Tc-ciprofloxacin scintig-
raphy it was 93%/97%, and for cumulative results it was
96.5%/97%. Conclusion. Cumulative *™Tc-MDP scintig-
raphy with %™Tc-ciprofloxacin scintigraphy increases the
ability of differentiation between aseptic loosening and PJI,
with high accuracy of 97%.

Key words:

technetium tc 99m ciprofloxcin; technetium tc 99m
medronate; radionuclide imaging; hip prosthesis; knee
prosthesis; infection.

metilendifosfonatom (MDP) i ciprofloksacinom u dijagnos-
tici periprotetske infekcije zglobova (PJI). Metode.
Koriséena je trofazna scintigrafija kostiju sa ™Tc-MDP i
9mTc-ciprofloksacin. Kriterijum za odabir bolesnika za ovo
istrazivanje bila je sumnja na PJI pracenu bolom i
ograni¢enim pokretima protetskog zgloba uz povisenje
nespecificnih faktora upale. Ukljuc¢eno je i procenjeno 45
bolesnika sa implantiranih 39 proteza kuka i 24 proteze
kolena. Pregledani su svi protetski zglobovi (iako su neki
zglobovi bili asimptomatski) i kod svih je bila uradena pla-
narna radiografija. Vremenski razmak izmedu izvedenih

Correspondence to: Dragan Pucar, Military Medical Academy, Institute of nuclear medicine, Crnotravska 17, 11 000 Belgrade, Serbia.

E-mail: draganpucar@yahoo.com



Page 496

VOJINOSANITETSKI PREGLED

Vol. 78, No 5

nuklearno-medicinskih metoda iznosio je u proseku 3-5
dana. Prvo je izvodena trofazna ™Tc-MDP scintigrafija
kostiju. Scintigrafiju *™Tc-ciprofloksacinom obavezno je
pratilo izra¢unavanje indeksa akumulacije. Dobijeni re-
zultati su bili potvrdeni mikrobioloskim nalazima kao zlat-
nim standardom. Statisticka analiza dobijenih rezultata
uradena je pomocu softvera SPSS, verzija 20 (deskriptivna
statistika, y2-test). Takode su bili izracunati osetljivost,
specificnost i prediktivne vrednosti. Rezultati. Mikrobi-
oloski potvrdene PJI bile su prisutne kod 16 od 39 proteza
kuka. Pozitivna scintigrafija je dobijena kod 15 od 39
proteza kuka. Scintigrafija kolena je bila pozitivna kod svih
13 od 24 protetska zgloba kolena koji su imali mikrobi-

olosku potvrdu PJI. Izracunata osetljivost/specifi¢nost za
9mTc-MDP scintigrafiju kosti (za oba zgloba) iznosila je
90%/69%, za *™Tc-ciprofloksacin scintigrafiju 93%/97%,
a za kombinaciju obe scintigrafije 96,5%/97%. Zakljudak.
Kombinovana scintigrafija sa %"Tc-MDP i ™Tc-
ciprofloksacinom povecava sposobnost razlikovanja asep-
ticnog labavljenja protetskog zgloba od PJI sa visokom
tacnoscu od 97%.

Kljucne redi:

tehnecijum tc 99m ciprofloksacin; tehnecijum tc 9m
medronat; radioizotopsko snimanje; kuk, proteza;
koleno, proteza; infekcija.

Introduction

One of the most important advances in surgery in the
last few decades was the joint replacement. This routine sur-
gical procedure improves patients’” quality of life by provid-
ing pain relief and regaining of joint function, but also pa-
tient mobility and independence from others persons . Im-
plantation of hip and knee prostheses makes up more than
95% of all joint replacements. Joint replacements of the hip
and knee are highly successful surgical interventions. The
most common complications of that surgical procedure are
aseptic failure and periprosthetic joint infection (PJI). About
25% of all prostheses will demonstrate evidence of loosen-
ing, especially after revision arthroplasty 2. But infection is
one of the most unpleasant complications. Many studies sug-
gest that in patients with primary joint replacement, the in-
fection rate in the first 2 years is usually in the range of
0.5%—-2% 3. There is an increasing number of studies indicat-
ing that the reported infection rate is probably underestimat-
ed, since many cases regarded as aseptic failure may be due
to unrecognized infection *. PJI after surgical revision is usu-
ally more frequent (even 25% to 40%) than after primary re-
placement 5. Surgical site infections are the most important
risk factor for infection, although surgical complexity, osse-
ous tissue status surrounding the prosthesis, immune status
of the patient, previous total hip or knee arthroplasty, older
age, malnutrition, joint disease such as rheumatoid arthritis,
obesity, diabetes mellitus, remote infection, are also im-
portant %7 Commonly isolated bacteria were Gram-
positive cocci: Coagulase-negative staphylococcus (CoNS),
Staphylococcus aureus and Enterococci (65%). Erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) lev-
els are neither sensitive nor specific for PJI. Differentiation
of PJI from aseptic loosening is very important because
treatments are completely different. Plain radiography is al-
ways performed but it is not specific enough 8 Computed
tomography (CT) provides a better contrast between normal
and abnormal tissue, bone erosion, and it is useful in detect-
ing sinus tracts °. Magnetic resonance imaging (MRI) can
only be performed in patients with titanium or tantalum im-
plants °. Optimal treatment of PJI represents a real challenge.
It is difficult to distinguish superficial wound infections or
cellulitis from true periprosthetic infections °.

It is generally accepted that nuclear medicine is a mo-
dality of choice among imaging diagnostic methods for eval-
uation of suspected PJI. Bone scintigraphy with methylene
diphosphonate (MDP) is extremely sensitive for detection of
bone remodelling changes, but it has low specificity for in-
fection. Labelled white blood cells (WBC) are generally pre-
ferred for osteomyelitis and PJI, but the labelling of leuko-
cytes is complicated and does not have high specificity .
fGallium (6’Ga) imaging is superior only in vertebral disc
infections, but increased uptake of ¢’Ga can occur in frac-
tures and tumours (not specific for PJI) 12, Long ago, the
labelling of antibiotics was considered a potentially good
tracer. Ciprofloxacin labelled with ®™Tc was introduced in
the 1990s % 4, This radiopharmaceutical was more specific
in infection but not easy to interpret only by visual assess-
ment 1> 16, Calculation of the accumulation index is the only
rational way of distinguishing between aseptic inflammation
and infection, based on increased uptake on scintigrams 15-1°,
Considering the most commonly used radiopharmaceuticals
for the detection of PJI, Love et al. %, in a review article,
listed examples of almost all relevant nuclear medical meth-
ods with unfortunately unsatisfactory sensitivity and speci-
ficity. The authors only single out the successful combina-
tion of labelled leukocytes and bone marrow scintigraphy
(sensitivity of 96%, specificity of 87% and accuracy of
91%). The use of fusion images obtained with single-photon
emission computed tomography (SPECT/CT) gamma cam-
eras when using *"Tc-cipofloxacin provides a better contrast
and clearer differentiation between soft tissue structures and
bone. The procedure (one-day protocol) # is also simpler.

The aim of this study was to confirm or reject good di-
agnostic accuracy in differentiation between aseptic loosen-
ing and PJI of the prosthetic hip and knee, obtained in a pre-
liminary study %, but now involving a larger number of pa-
tients. This study also combined bone scintigraphy with
9mTc-MDP and ®™Tc-ciprofloxacin.

Methods

Patient selection criteria for this study were based on
suspected PJI: a painful prosthetic joint, restricted joint
movements, and increased values of ESR and CRP. The
study included 45 patients (14 men and 29 women) with a to-
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tal of 63 implanted joints (39 hip and 24 knee prostheses),
median age 68.6 years, range 43-82 years (Figure 1).

All patients also underwent plain radiography. In all pa-
tients, three-phase *™Tc-MDP bone scintigraphy was per-
formed. Scintigrams were analyzed visually without any quan-
tification. The results obtained with *"Tc-MDP were inter-
preted visually as clearly positive/negative or as borderline
positive or borderline negative (unconvincingly posi-
tive/negative). Three to five days after the bone scan, we per-
formed scintigraphy using **™Tc-ciprofloxacin with necessary
quantification and calculation of the accumulation index. The
value of accumulation index above 1.5 is considered positive
for infection, while the value below 1.5 indicates aseptic in-
flammation . Accumulation index values from 1.41 to 1.50
were considered borderline negative, and those from 1.51 to
1.60 as borderline positive 1" 8. PJI was confirmed on the ba-

sis of microbiological or histopathological findings.

We used the SPSS statistical software version 20 (de-
scriptive statistics, y? test). Sensitivity, specificity, and pre-
dictive values were also calculated.

Results

Microbiological analysis of PJI was confirmed in 29 out
of 45 patients (Table 1). Regarding these microbiological re-
sults as the total number of evaluated hip and knee prosthetic
joints (63), PJI was confirmed in 16 (41%) of 39 hip prosthe-
ses and in 13 (54.2%) of 24 knee prosthetic joints.

Diagnostic results of PJI obtained with bone scintigra-
phy with ®"Tc-MDP are shown in Table 2, and diagnostic
results of PJI obtained with bone scintigraphy with %°mTc-
ciprofloxacin in Table 3. Both scintigraphic modalities

‘ Total number of PJ ‘

(n=63)
|
I - 1
l Hip (n = 39) J ‘ Knee (n = 24) ‘
Men (n = 10) } Men (n=6) l
Women (n = 29) j Women (n = 18) ‘

Fig. 1 — Total number of examined prosthetic joints with insight into the
number of hip or knee prostheses, as well as their distribution by gender.

Table 1

Microbiologically confirmed periprosthetic joint infection
(PJI) was found in 29 of 45 patients although unspecific
parameters of inflammation were found in almost all patients

PJI findings

Patients, n (%)

Microbiological confirmation
unconfirmed
confirmed

Biochemical indicators
elevated CRP
elevated ESR

16 (35.6)
29 (64.4)

43 (95.6)
42 (93.3)

CRP - C-reactive protein; ESR - erythrocyte sedimentation rate.

Table 2
Results obtained with a ®™T¢-MDP bone scan
showed statistical significance
Finding Infection, n (%) Total
no yes

Negative 9 (100) 0 (0) 9 (100)
Borderline negative 14 (82.4) 3 (17.6) 17 (100)
Borderline positive 5 (45.5) 6 (54.6) 11 (100)
Positive 6(23.1) 20 (76.9) 26 (100)
Total 34 (54) 29 (46) 63 (100)
Significance assessment ¥ =235 p <0.001

MDP — methylenediphosphonate.
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(MDP and ciprofloxacin scintigraphy) were statistically pro-
cessed using y?-test.

When the final decision on the presence of PJI was
made on the basis of cumulative findings (**"Tc-MDP scin-
tigraphy and ®™Tc-ciprofloxacin scintigraphy), the results of
the diagnosis of PJI were more accurate (Table 4). These
cumulative results are shown in Figure 2.

The graph shows that the detection of PJI was almost
unmistakable if both methods were combined (*™Tc-MDP
and ®MTc-ciprofloxacin) in case when the results of both
methods were positive or negative, but also in borderline

Table 3

cases, the results were reliable.

Different modalities of negative and positive findings of
the presence of PJI or aseptic loosening were apparently useful.

Sensitivity, specificity, and accuracy of scintigraphy
with ®MTc-MDP and with ®™Tc labelled ciprofloxacin, as
well as the cumulative findings of these two methods, are
shown in Table 5.

Cumulative findings obtained by these two methods
showed higher positive predictive values (PPV) and negative
predictive values (NPV) of PJI than those of these methods
alone. Positive findings of both scintigraphies with *™Tc-

Results obtained with ®MTc-ciprofloxacin scintigraphy in detection of
periprosthetic joint infection (PJI) were much better practically in
all modalities of the findings

Infection, n (%)

Finding Total
no yes

Negative 29(96.7) 1(3.3) 30 (100)
Borderline negative 4 (80) 1 (20) 5 (100)
Borderline positive 1(12.5) 7 (87.5) 8 (100)
Positive 0 (0) 20 (100) 20 (100)
Total 34 (54) 29 (46) 63 (100)
Significance assessment =524, p <0.001

Table 4

Results obtained with combined scintigraphy that used both
radiopharmaceuticals (*"Tc-MDP and *®"Tc-ciprofloxacin)

Cumulative findings of ®™Tc-MDP/ %™ Tc-

Infection, n (%)

. . Total
ciprofloxacin no yes
Negative 22 (100) 0 (0) 22 (100)
Borderline negative 11(91.7) 1(8.3) 12 (100)
Borderline positive 1(8.3) 11 (91.7) 12 (100)
Positive findings 0(0) 17 (100) 17 (100)
Total 34 (54) 29 (46) 63 (100)
Significance assessment 12 =55.6; p <0.001
MDP — methylenediphosphonate.
25

2 20
g,

2]
2 15 17 ||
'Em Il'Without infection
o .

g [Minfection
w 10 11 1

5]

)
]

g 5 .

Z

1 1
0 .
Negative Borderline Borderline Positive
negative positive

Fig. 2 — Cumulative results obtained by using both methods
(®*"Tc-MDP and ®™Tc-ciprofloxacin).
MDP - methylendiphosphonate.
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MDP and *"™Tc-ciprofloxacin that clearly indicated the pres-
ence of PJI are shown in Table 6.

Positive scintigraphy obtained by three-phase *"Tc-
MDP is shown in Figure 3, and positive scintigraphy with
®mTc-ciprofloxacin is presented in Figure 4.

Positive scintigraphy with %MTc-MDP but negative

Table 5

scintigraphy with ®™Tc-ciprofloxacin indicate aseptic loos-
ening (Figures 5 and 6).

High NPV of scintigraphy with ®™Tc-MDP indicates
that there is no need for ®"Tc-ciprofloxacin scintigraphy. In-
creased accumulation of tracer in the left hip joint suggests
left hip coxarthrosis (Figure 7).

Cumulative findings (®"Tc-MDP/*®*"Tc-ciprofloxacin) gave the highest accuracy

o Sensitivity ~ Specificity  Accurac
Scintigraphy % y o % y % y
9mTc-MDP 90 69.7 79
9mTe-ciprofloxacin 93 97 95
Cumulative findings based on both scintigraphy 98.5 95.5 97

MDP — methylenediphosphonate.

Table 6

Positive and negative predictive values (PPV and NPV, respectively) for
scintigraphy with *™Tc-MDP, ®"Tc-ciprofloxacin, and their combination

Scintigraphy method

PPV (%) NPV (%)

®mTc-MDP

70 90.5
9mTe-ciprofloxacin 96% 94
9mTc-MDP/**™Tc-ciprofloxacin 96.5 97

MDP — methylendiphosphonate.

Fig. 3 — ®"T¢-MDP scintigraphy of a 60-year-old female, with a right
knee joint replacement. In the region of the right knee replacement we
observed increased activity at a flow and pool pattern at the proximal

tibia heel. On the last static scintigram we also observed increased
activity indicating infection at the same place.
MDP — methylendiphosphonate.
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Fig. 4 — %" Tc-ciprofloxacin scintigraphy showed increased uptake in the region of the
right knee prosthesis, while the accumulation index at all times of imaging was
significantly higher than the “cut off” value of 1.5. Final microbiological confirmation
was periprosthetic infection. The right knee prosthesis was removed and antibiotic
therapy was applied.

Fig. 5 — Scintigraphy with ®"Tc-MDP of a 77- year-old male with a left hip joint
replacement. In the region of the left hip joint replacement we observed increased
activity on delayed scintigram, i.e. after 4 hours in the region of acetabulum and a

great trochanter indicating possible infection.
MDP — methylendiphosphonate.
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STERIOR 4H

Fig. 6 — ®"Tc-ciprofloxacin scintigraphy (the same patient as in Fig. 5) showed
practically no increased uptake in the region of the left hip joint replacement at all times
of imaging, indicating aseptic loosening despite positive scintigram with 99mTc-MDP.

MDP — methylendiphosphonate.

Fig. 7 — Scintigraphy with ®™Tc-MDP of a 73-year-old female with a right hip
joint replacement. In the region of the right hip joint replacement we did not
observe significantly increased activity in any of the three phases. No need for
®mTc-ciprofloxacin scintigraphy. Diagnosis was Coxarthrosis sin.
MDP — methylendiphosphonate.

Pucar D, et al. Vojnosanit Pregl 2021; 78(5): 495-503.
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Discussion

Combined assessment of painful prosthetic joints with
limited motion by two scintigraphic methods (**"Tc-MDP
and *"Tc-ciprofloxacin), in the most part resulted in defini-
tive findings: aseptic instability or PJI.

A normal bone scan with ®™Tc-MDP is a scan in which
periprosthetic activity of the investigated joint is practically
adjacent to non-articular bone or the healthy contralateral
joint. A three-phase bone study is usually performed because
of its sensitivity for detection of bone remodelling changes
around prosthetic joints, and when the orthopaedic surgeon
suspects PJI. Three-phase MDP bone scintigraphy is also
usually performed when there is suspicion of cellulitis, and it
demonstrates enhanced perfusion of soft tissue in the region
of interest. It is important to include both extremities (affect-
ed and unaffected) and to set them symmetrically **. Nagoya
et al. % reported that the test was 88% sensitive and 90%
specific for hip replacement infection. Many other authors,
however, reported good sensitivity, unsatisfactory specifici-
ty, or both 4 1% 24 Since MDP bone scintigraphy has a high
NPV, normal results of the study make it very unlikely that
the patient’s symptoms are related to PJI 102324,

It should be noted that bone scintigraphy can remain
positive even a year after an uncomplicated hip replacement,
and even two years after insertion of a prosthesis without
cement (that reflects increased bone mineral turnover). Those
scintigrams cannot be used to distinguish infection from an
aseptic loosening °.

We overcame lack of specificity of ®°™Tc-MDP scintig-
raphy in the diagnosis of PJI with an additional, more specif-

ic diagnostic method for detection of infection. ®°™Tc-
ciprofloxacin scintigraphy is a method of high specificity for
detection of infection > 4 17 18 The great advantage of
®mTc-ciprofloxacin is that it should not be accumulated in a
healthy bone ** . Our preliminary research, concerning cal-
culation of the accumulation index in ®™Tc-ciprofloxacin
scintigraphy, has established the importance of its use in in-
creasing the specificity in the diagnosis of osteomyelitis 17 28,
Only visual interpretation has low specificity. ®™Tc-MDP
bone scintigraphy combined with ®™Tc-ciprofloxacin scin-
tigraphy yielded good results in differentiation of aseptic in-
stability of the prosthetic hip and knee joint from infection of
periprosthetic tissue *°.

A limitation of this study is the relatively small number
of patients for separate evaluations of the hip and knee joints,
but sufficient for an overall evaluation. Consequently, further
trials involving a larger number of patients are needed.

Conclusion

Confirmed low specificity but high NPV of the ®™Tc-
MDP bone scan in combination with high specificity of
®mTe-ciprofloxacin significantly facilitates differentiation
between aseptic loosening and PJI as a cause of prosthetic
failure. ®™Tc-ciprofloxacin scintigraphy has high PPV for
detecting periprosthetic infection only if combined with cal-
culation of the accumulation index. Negative results of a
MDP bone scan virtually exclude the periprosthetic infec-
tion. The study also suggests that in most cases *"Tc-
chiprofloxacin scintigraphy should be performed first due to
its high specificity.
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Abstract

Background/Aim. Depression is the most prevalent
mental disorder which affects approximately 7% of the
world’s older population. This study aimed at examining
the prevalence of depression among older adults and its
relations to chronic illnesses. Methods. Study was con-
ducted within the National Health Survey of the Serbian
population in 2013. The questionnaires used as instru-
ments in this study were created in accordance with the
questionnaires of the European Health Interview Survey —
Second Wave. The Patient Health Questionnaire-8 (PHQ-
8) was used to evaluate the presence of depressive symp-
toms. The relations between depression symptoms (a de-
pendent variable) and a set of independent variables were
examined with univariate and multivariate logistic regres-
sion analyses. Results. The study showed that there was a
10.0% prevalence of depression within this population
with statistically significant differences between the gen-
ders — 12.6% of women and 6.5% of men. The multivari-
ate analysis revealed that multimorbidity [odds ratio (OR)
= 1.89], chronic pain (OR = 2.35) and self-evaluations of
poot health (OR = 8.37) were strongly associated to de-
pression. In terms of individual chronic illnesses, the study
showed that strokes double the odds of developing de-
pression (OR = 1.82) while the deformities of lower spine
increased this odds by 27%. Conclusion. Depression is
very frequent in older persons who suffer from chronic
diseases and medical conditions. It is crucial to enable ad-
equate screening in primary healthcare institutions in order
to diagnose depression in its early stages and start its
treatment as soon as possible.

Key words:
depression; chronic disease; comorbidity; aged;
prevalence; serbia.

Apstrakt

Uvod/Cilj. Depresija je najcesci mentalni poremecaj
koji pogada oko 7% starije svetske populacije. Cilj
ovog istrazivanja bio je utvrdivanje prevalencije
depresije u starijoj populaciji i njene povezanosti sa
hroni¢cnim oboljenjima. Metode. Istrazivanje je
sprovedeno u okviru nacionalne studije “Istrazivanje
zdravlja stanovnistva Srbije” 2013. godine. Kao istru-
ment istrazivanja koriséeni su upitnici kreirani u
skladu sa upitnicima Evropskog istrazivanja zdravlja —
drugi talas. Za procenu prisustva simptoma depresije
koris¢en je the Patient Health Questionnaire-§ (PHQ-8).
Povezanost prisustva depresivnih simptoma (zavisna
varijabla) i skupa nezavisnih varijabli ispitana je univa-
rijantnom 1 multivarijantnom logistickom regresijom.
Rezultati. Rezultati ukazuju na stopu prevalencije
depresije od 10,0% sa statisticki znacajnim razlikama
medu polovima — 12,6% kod Zena i 6,5% kod muska-
raca. Multivarijantna analiza je pokazala da postoje
jake veze izmedu depresije i multimorbiditeta [odds ra-
tio (OR) = 1.89], hroni¢nog bola (OR = 2,35) i samo-
procena loseg zdravlja (OR = 8,37). Sto se ti¢e pojedi-
nacnih oboljenja, studija je pokazala da mozdani udari
dvostruko povecavaju sanse za pojavu depresije (OR =
1,82), dok prisustvo deformiteta donje ki¢me te Sanse
povecava za 27%. Zaklju¢ak. Depresija je veoma ces-
ta kod starijih osoba koje pate od hroni¢nih bolesti i
stanja. Klju¢no je omoguditi adekvatan skrining u
ustanovama primarne zdravstvene zadtite kako bi se
depresija dijagnostikovala u ranoj fazi i §to pre zapo-
celo njeno lecenje.

Kljuéne reci:
depresija; hroni¢na bolest; komorbiditet; stare
osobe; prevalenca; srbija.
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Introduction

The world’s population has been ageing rapidly®.
Simultaneously, mental health problems in elderly
populations have become an important public health
issue 3. According to the World Health Organization
(WHO) report, approximately 15% of adults aged 60 and
over suffer from some mental disorder *. Depression is the
most prevalent among them. It affects approximately 7% of
the global older population and has severe physical,
psychological and social impacts on individuals, their
families and entire societies °.

Depressive symptoms among the elderly are generally
associated with several adverse health outcomes — they
decrease functional ability and life quality, worsen the
outcomes of other medical illnesses and increase the risks of
mortality and suicide 5% Depressive episodes had been
present in about 80% of those aged 74 and over who
committed suicide . Furthermore, depression substantially
increases health care costs due to higher health care needs
and improper health behavior 812, Depression with older
adults requires special attention since it is commonly under-
recognised and undertreated . It is inadequately dealt with
predominantly because it is generally considered as a natural
phenomenon in aging >4 Previous studies have shown that
a half of the depression cases commonly remains
undiagnosed 2.

Depression in late life can result from a complex
interaction of biological, physical, psychosocial and social
factors **°. Studies have shown that chronic diseases are one
of the leading factors for developing depression &,
Depression is two times more common in patients with
chronic diseases than in general population, whereas risks of
suffering from depression increase with the number of
chronic diseases a patient has®. Even though any chronic
medical condition can result in depressive symptoms, there
are certain medical diagnoses that are more likely to lead to
depression, e.g. coronary heart disease, diabetes, stroke,
cancer, rheumatoid arthritis and hypertension 819, It is well
known that depression which appears as comorbidity to
chronic diseases can affect mortality rates, clinical outcomes,
adherence to prescribed therapy and treatments and
functional abilities to perform daily tasks 2 4,

The relations between depression in the elderly
population and their chronic diseases, on one hand, and their
subjectively evaluated medical conditions, on the other hand,
have not been fully explored in Serbia. Therefore, this study
aimed at examining the depression prevalence in older adults
and its potential links to chronic diseases on a large and
representative sample of the Serbian old population.

Methods

Study population and sample

This epidemiological population-based study was
conducted as a part of the 2013 National Health Survey initiated
and carried out by the Ministry of Health of the Republic of
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Serbia. The survey was conducted from 7th October to 30th
December, 2013. The ethics approvals were granted by the
Institute of Public Health of Serbia “Dr Milan Jovanovic Batut”.
The written informed consents were obtained from all the
individuals who participated in this study.

The study was conducted in accordance with the
methodology and instruments of the European Health
Interview Survey — Second Wave (EHIS wave 2). The target
population of the National Health Survey were the
individuals aged 15 and over who lived in private
households. The survey excluded persons who lived in
collective households or institutions (e.g. foster homes,
social and gerontology institutions, prisons, psychiatric
facilities, etc.). In order to obtain a reliable assessment of a
large number of factors for the population health at the
national level, as well as in four geographic areas
(Vojvodina, Belgrade, Sumadija and Western Serbia,
Southern and Eastern Serbia) and in different settlement
types separately, the National Health Survey used a stratified
two-stage sample. The units of the first sampling stage
included 670 census enumeration areas defined in the 2011
Population Census. The units of the second sampling stage
were randomly selected households. The study included
6,500 randomly selected households (3,909 from urban and
2,591 from other areas). The response rate was 94.1%.
Finally, 13,756 respondents (aged 15 and over) successfully
completed the survey.

The target population for this particular analysis were
the individuals aged 65 and over who lived in private
households in Serbia at the time of the data collection. The
number of participants who fulfilled this age criterion was
3,540. The final sample of this study thus comprised of 3,540
elderly adults.

Instruments

The questionnaires used as instruments in this study
were created in accordance with the questionnaires of the
EHIS wave 2 which had been created based on
internationally accepted and defined criteria. They are
adapted here to the particularities of the Serbian context.

Depression was selected as a dependent variable. It was
evaluated with the Patient Health Questionnaire-8 (PHQ-8)
that was incorporated in a ,,face-to-face” questionnaire for
respondents aged 15 and over. The respondents were asked
to evaluate how often they had been bothered by any of the
given mental problems during the previous two weeks. Their
responses were marked as 0 (“not at all”), 1 (“for a few
days”), 2 (“more than seven days” and 3 (“almost every
day”). After summing up the points for every answer, we
obtained the scores ranging from 0 to 24 points. The values
within the range 0—4 indicated that there were no symptoms
of depression. The values from 5-9 were taken as a proof of
mild depression (subsyndrome depression) and the range
from 10 to 24 as a high probability of a depressive episode.
Depressive episodes (i.e. depression) were further classified
as: moderate (10-14 points), moderately severe (15-19
points) and severe (20-24 points).
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The evaluations of the medical conditions included: 1)
self-evaluations of medical states; 2) the presence of a long-
term disease or a medical condition (where a long-term
disease refers to an illness and a medical condition that had
lasted or was expected to last for at least 6 months), and 3)
the presence and intensity of bodily pain during the month
preceding the time of the data collection and its influence on
performing usual activities and tasks.

The study included 17 different chronic diseases or
medical conditions reported by the participants in the last
12 months: 1) Asthma (J45), Status asthmaticus(J46); 2)
Chronic bronchitis, chronic obstructive pulmonary disease,
emphysema (J40-J44), and Chronic lower respiratory
diseases excluding asthma but including chronic asthmatic
bronchitis (J47); 3) Myocardial infarction (heart attack) or
chronic consequences of myocardial infarction [I121 (Acute
myocardial infarction - AMI)], 122 (Subsequent
myocardial infarction), 123 (Certain current complications
following AMI), (consequences of former MI included
partly also under 125)); 4) Coronary heart disease or angina
pectoris (120-125); 5) High blood pressure [110-113 and 115
(Hypertensive diseases)]; 6) Stroke [160-169
(Cerebrovascular diseases)]; 7) Arthrosis (M15-M19,
arthritis excluded); 8) Low back disorder or other chronic
back defect [No specific ICD-10 codes can be used but the
condition is included under some M40-M54 (Dorsopathies)
diagnosis (excluding M45-Ankylosing spondylitis and M50
— Cervical disc disorders)]; 9) Neck disorder or other
chronic neck defect [No specific ICD-10 codes can be used
but the condition is included under some M40-M54
(Dorsopathies) diagnosis (excluding M45 — Ankylosing
spondylitis and M51 — Other intervertebral disc disorders)];
10) Diabetes [E10-E14 (Diabetes mellitus)]; 11)
Depression [F31-F39 (Mood (affective) disorders
excluding F30 — Manic episode; F41.2 (Mixed anxiety and
depressive disorder), F53.0 (Mild mental and behavioural
disorders associated with the puerperium, not elsewhere
classified)]; 12) Malignant diseases; 13) Increased fats in
the blood serum; 14) Allergy, such as rhinitis, hay fever,
eye inflammation, dermatitis, food allergy or other allergy
(allergic asthma excluded) [J30 (Vasomotor and allergic
rhinitis), L20-L30 (Dermatitis and eczema excluding L21 —
Seborrhoeic dermatitis), and other allergies irrespective of
the origin]; 15) Cirrhosis of the liver [K70 (Alcoholic liver
disease), as secondary to other diseases (K71.7 — Toxic
liver disease with fibrosis and cirrhosis of liver), part of

K74 (Fibrosis and cirrhosis of liver); K76.1 (Chronic
passive congestion of liver)]; 16) Urinary incontinence,
problems in controlling the bladder [R32 (Unspecified
urinary incontinence); N39.3 (Stress incontinence); N39.4
(Other specified urinary incontinence)]; 17) Kidney
problems [Chronic conditions under NOO- NO8 (Glomerular
diseases), N10-N16 (Renal tubulointerstitial diseases) and
N17- N19 (Renal failure), N25-N29 (Other disorders of
kidney and ureter)].

Multimorbidity, i.e. a simultaneous presence of two or
more chronic diseases/conditions in one person, was also
taken into consideration.

Statistical analysis

All the data of interest obtained through the above
described methods were analyzed by adequate statistical
tools. The proportions between different population groups
were compared with the Chi-square (%) test. The results with
probabilities lower than 5% are considered as statistically
significant. The relations between a dependent variable
(depressive symptoms) and a set of independent variables
were examined by univariate and multivariate logistic
regressions. The unadjusted odds ratios (ORs) with their
corresponding 95% confidence intervals (Cls) were also
obtained. All statistical calculations were performed with a
commercial, standard software package SPSS, version 18.0.
[The Statistical Package for Social Sciences software (SPSS
Inc, version 18.0, Chicago, IL)].

Results

The sample included 1,528 men and 2,012 women
whose mean age was 73.9years [standard deviation
(SD) = 6.3 years]. Based on PHQ-8 scores, the depression
prevalence was 10.0%. There were statistically significant
differences between women (12.6%) and men (6.5%) (@ =
95.534, p < 0.001). Mild depressive symptoms (sub-
syndrome depression) were present in every fifth female
(21.2%) and every eighth male subject (12.7%). More than a
half of the depressive episodes were mild (57.9%).
Moderately severe depression episodes were recorded in
26.3% and severe depressive episodes in 15.8% of the cases.
There were no statistically significant gender differences
with respect to the severity of depression (x2 = 0.293, p =
0.864) (Table 1).

Table 1
The gender prevalence of depression in the population aged 65 and over
Total Males Females
PHQ-8 score (range) 0 % 0 % 0 %
0-4 (non-depressive) 2,656 725 1,235 808 1,330 66.1
5-9 (mildly depressive) 621 175 194 127 427 212 <0.001
10-24 (depressive episodes) 354  10.0 99 6.5 255 127
10-14 (moderate) 205 5.8 56 3.7 149 74
15-19 (moderately severe) 93 2.6 28 1.8 65 3.2 0.864
20-24 (severe) 56 1.6 15 1.0 41 2.1
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The mean PHQ-8 depression score for the elderly in
Serbia was estimated at 3.6 + 4.6. The difference between
women and men was statistically significant (t = -10.763, p <
0.001). The mean depression score for females amounted to
4.2 + 4.9 and for males it was 2.6 £ 4.1 points.

88.9% of the participants claimed to suffer from the
investigated chronic diseases and medical conditions. 19% of
them reported just one diagnosis while 69.9% reported two
or more chronic health issues (multimorbidity). The most
prevalent diseases were: increased blood pressure (65.8%),
lower back and neck deformities or other chronic back
conditions (35.2%), coronary heart disease and angina
pectoris (28.8%), arthrosis (24%) and increased blood fats
(22%). Malignant diseases were the least frequent among
those suffering from depression (2.7%).

The prevalence of depression was significantly higher
in respondents with multimorbidity (13.4%) in comparison to
individuals without chronic diseases and medical conditions
(27.1%). There were statistically significant differences in
the likelihood of depression co-occurring with the given
diagnoses. Depressive episodes appeared with every third
person who had had a stroke (30.1%), and almost every fifth
individual who had suffered from urinary incontinence
(21.4%), myocardial infarction (20.0%) or arthrosis (18.6%).
The distributions of depression with respect to chronic
diseases and medical conditions in the Serbian elderly
population are given in Table 2.

There were wide discrepancies among the results
obtained through PHQ-8 and patients’ claims. Namely, only

33.0% of respondents suffering from mild depression
(according to PHQ-8) reported depressive symptoms. In
other words, among those who claimed not to suffer from
depression, 211 (6.8%) were evaluated as depressed by
PHQ-8 instrument.

The univariate logistic regression analysis showed that
depression was more likely to occur with any analyzed
chronic disease than without them. Those differences proved
to be statistically significant in each particular case. The
respondents with two or more chronic medical conditions
were five times more likely to undergo depressive episodes
(OR = 5.63). Depressive symptoms were most likely to
develop in those who had suffered from: a stroke (OR =
3.64), arthrosis (OR = 3.01), lower back deformities (OR =
2.94) neck deformities (OR = 2.85) and urinary incontinence
(OR = 2.51). Chronic bodily pain made it five times more
likely for an individual to suffer a depressive episode (OR =
5.37). Self-evaluations of poor medical conditions proved to
be a strong indicator of depression. Namely, individuals who
evaluated their health status as bad were 17 times more likely
to be depressed with respect to those who evaluated it as
good (OR =17.99).

The multivariate analysis showed that multimorbidity
(OR = 1.89), chronic bodily pain (OR = 2.35) and negative
health self-evaluations (OR = 8.37) were strongly associated
with depression. When it comes to individual diseases, we
must note that strokes doubled the chances for suffering from
depression (OR = 1.82) while lower spine deformities
increased those chances by 27% (Table 3).

Table 2

Depressive symptoms and chronic diseases/conditions (number of diseases)

. Mildly Depressive
Disease/condition Non-depressive depressive episodes p
n % n % n %

No chronic diseases 390 93.3 20 4.8 8 1.9
One chronic disease 601 89.7 51 7.6 18 2.7 <0.001
Two or more chronic diseases 1574 64.2 550 224 328 13.4
Asthma 145 60.2 55 228 41 17.0 <0.001
Chronic bronchitis/chronic
obstructive pulmonary 166 56.1 83 28.0 47 15.8 <0.001
disease
Myocardial infarction 140 55.1 63 248 51 20.0 <0.001
Coronary disease or angina pectoris 614 60.7 249 246 149 14.8 <0.001
Hypertension 1576 68.4 458 19.9 270 11.7 <0.001
Stroke 85 440 50 259 58 30.1 <0.001
Arthrosis 459 54.4 227 26.9 158 18.6 <0.001
Lower back deformities 722 58.2 313 252 205 16.6 <0.001
Neck deformities 428 54.8 212 27.1 141 18.0 <0.001
Diabetes 418 65.4 146 228 75 11.8 <0.001
Malignant diseases 59 60.8 25 258 13 134 <0.001
Increased blood fats 491 65.4 172 22.9 88 11.8 <0.001
Depression 115 30.3 125 33.0 139 36.7 <0.001
Allergy 203 61.7 81 24.6 45 1 <0.001
Cirrhosis of the liver 8 57.1 5 35.7 1 7.1 0.202
Urinary incontinence 244 56.2 101 224 100 21.4 <0.001
Kidney problems 228 56.6 104 25.8 71 17.6 <0.001

Gajovi¢ G, et al. Vojnosanit Pregl 2021; 78(5): 504-510.



Page 508 VOJINOSANITETSKI PREGLED Vol. 78, No 5
Table 3
Odds ratios (OR) and 95% confidence intervals (Cl) for the depression
depending health characteristics
Disease Univariate analysis Multivariate analysis
OR (95% CI) p OR (95% CI) p
Asthma 1.83(1.39-2.40)  <0.001  0.85(0.60-1.21) 0.368
Chronic bronchitis/chronic 223 (175-285) <0001  126(092-172)  0.151
obstructive pulmonary disease
Myocardial infarction 2.29 (1.77-2.97) <0.001 1.02 (0.75-1.39) 0.908
g:;t%r;?sry disease or angina 222 (189-2.60) <0001  107(0.88-130)  0.497
Hypertension 1.92 (1.62-2.26) <0.001 1.06 (0.85-1.32) 0.600
Stroke 3.64 (2.72-4.89) <0.001 1.82 (1.29-2.58) <0.001
Avrthrosis 3.01 (2.55-3.54) <0.001 1.28 (1.04-1.57) 0.190
Lower back deformities 2.94 (2.52-3.43) <0.001 1.27 (1.02-1.59) 0.034
Neck deformities 2.85(2.42-3.38)  <0.001 1.22 (0.97-1.55) 0.094
Diabetes 1.53(1.27-1.83)  <0.001  0.96 (0.77-1.20) 0.727
Malignant diseases 1.73 (1.15-2.62) <0.05 0.96 (0.60-1.52) 0.851
Allergy 1.73 (1.37-2.19) <0.001 1.08 (0.82-1.44) 0.585
Cirrhosis of the liver 1.98 (0.69-5.73) 0.206 1.37 (0.41-4.56) 0.605
Urinary incontinence 2.51 (2.05-3.08) <0.001 1.38 (1.08-1.77) <0.05
Kidney problems 2.26 (1.83-2.79) <0.001 1.15 (0.89-1.49) 0.294
Multimorbidity 5.63 (4.51-7.05)  <0.001 1.89 (1.38-2.57) <0.001
The presence of moderate, 547446 646) <0001  2.35(1.88-293)  <0.001
severe or very severe bodily pain
Self-evaluation of poor medical 1799 (1301 24.89) <0.001  8.37 (5.79-12.08)  <0.001
condition
Discussion likelihood for developing depression in an older age in

The WHO has estimated that the total depression
prevalence rate among older adults in the world varies from
10-20% 2. The rate among the Serbian elderly population,
as found in this study, was 10.0%. Similar values (10.3%)
were reported in a meta-analysis of 84 independent
studies which reported the rate variations ranging from
4.7-16.0% 2. However, some countries documented
considerably higher rates of depression prevalence among
elderly population. The community-based studies conducted
in India reported the variations within the 13-25% range 2.
The meta-analysis for the older Chinese calculated this rate
as 23.6% 2. In Brasil, nearly 30% of the elderly people
suffered from depression . The studies carried out in
America recorded the depression prevalence rates ranging
from 15% to 19% 2. The findings of the studies indicated
that mean depression prevalence rates in elderly population
are similar in Asia, Europe and America, but significantly
lower in Australia 2. About 8% of older Australians are
currently experiencing depressive symptoms 26, These huge
variations in depression prevalence among older adults may
result from the differences in methodological approaches to
data collection, from the use of different scales for geriatric
depression, as well as from the socio-demographic and
cultural variations 2. They may also arise from the existent
regional and racial differences between the countries %

It was shown in our study that older women were
more likely to suffer from depression than men. This
finding is in accordance with the results of the previous
studies in the field > 2% 2°, Quite contrary, Baiyewu et al. %’
found no differences between the opposite sexes. Higher

female population may be attributed to numerous factors
(i.e. genetic, biological and psychological factors), as well
as to different social roles of the two genders and the more
unfavorable social positions of females 2*. These findings
may also follow from the fact that, due to their longer life
expectancy, women are generally more exposed to medical
problems and undesirable events which all may contribute
to depression 7.

Population studies have indicated that depression is a
disorder of high comorbidity. They have also emphasized the
strong links between chronic diseases and depressive
symptoms in elderly population ° Chronic medical
conditions may trigger depression or worsen its symptoms,
but depression may also precede chronic diseases and
deteriorate their outcomes *. This study showed that
depression was higher in respondents with multimorbidity.
Even though the studies have shown that the relations
between chronic diseases and depressive symptoms vary
among different chronic diseases, the number of chronic
diseases is more strongly related to depression than any
specific individual diagnosis Y’. The studies have shown that
depression prevalence increases with the number of chronic
diseases ®. The WHO research carried out in 60 countries
documented the depression prevalence of 23% in individuals
with two or more chronic medical conditions and depression
prevalence of 3.2% in healthy population %2,

The Netherlands Study of Depression in Old Persons
(NESDO) found that the presence of cardiovascular,
musculoskeletal and somatic diseases was strongly
associated with depressive disorder during the two-year
monitoring of the patients 3. With each additional chronic
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somatic disease, the chances of developing moderate and
severe chronic depression increased by 92% .

The study conducted in the U.S. showed that people
with chronic diseases were three times more likely to
experience depressive episodes with respect to a control
group. Three times higher depression rates were also
recorded in patients with terminal-stage kidney insufficiency,
chronic obstructive pulmonary disease and cerebrovascular
diseases. Twice as high depression rates were detected in
patients suffering from coronary diseases, hypertension and
diabetes . The evaluations of depression prevalence in
patients with chronic diseases like coronary heart disease,
diabetes and previous strokes ranged from 15% to 25%,
depending on the screening method .

Cardiovascular diseases frequently coexist with
psychiatric disorders, but they can also develop as a
complication of psychiatric problems and vice versa. In
almost a half of the patients with cardiovascular diseases,
there were depressive episodes which were getting worse as
the disease was progressing and which eventually increased
the risk of deadly outcomes by two to three times ¥.

Some studies have shown that depression co-occurring
with coronary arterial disease is a factor of high risk for
this disease; besides, numerous studies have determined the
depression prevalence of 18% after an acute myocardial
infarction 3. The other study showed that about 25% of the
individuals developed severe depression after myocardial
infarction while an additional 25% of them ended up with
mild depression. During 4-month period following an acute
myocardial infarction, fatal outcomes were almost four
times more likely in depressed than in non-depressed
patients %,

According to Jiang %, almost 25% of the patients who
had had a stroke developed clinical depression during the
same year. Ozaki et al. ® confirmed these results by proving

that depression appeared in 19-23% stroke survivors and by
concluding that depression increased the risk of strokes in
the time interval ranging from 10 to 15 years ahead. The
depression prevalence in patients suffering from diabetes
ranged from 11% to 31% with diabetes doubling the risks for
developing depression.

Finally, it must be noted that depressive symptoms may
follow almost all chronic diseases. Their existence can
contribute to poorer adherence to prescribed treatments,
lifestyle deterioration and increased morbidity and
mortality 38,

This study has certain limitations. The study had a
cross-sectional design so causal relations between depression
and chronic diseases are not strong and clear. Secondly, one
may argue that PHQ-8 is not a clinical tool for diagnosing
depression. Thus, depression may not be accepted as a
definite diagnosis. However, this instrument is most
commonly used in evaluating depression prevalence in
general population and we decided to follow this widespread
practice. We also relied on comorbidities that were reported
by participants without being able to check the real
morbidity prevalence from their medical records.

Conclusion

Depression is very frequent in older persons who suffer
from chronic diseases and medical conditions. It is crucial to
enable adequate screening in primary healthcare institutions
in order to diagnose depression in its early stages and start its
treatment as soon as possible. The key factors for reducing
more severe outcomes of depressive disorders for
individuals, their families and larger communities include:
the proper identification of risk factors for developing
depression in older population, an early diagnosis, a timely
and efficient treatment and a proper depression management.
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Abstract

Background/Aim. Oxidative stress is an important risk
factor for the development of cardiovascular atheroscle-
rotic diseases in the population of patients treated with
regular hemodialysis. Bioincompatibility of the dialysis
membrane and increased concentration of endotoxin in
the hemodialysis solution are two main factors that can
trigger oxidative stress. This paper was intended to exam-
ine the effect of a vitamin E-coated membrane on oxida-
tive stress during a single session of on-line hemodiafiltra-
tion. Methods. Twenty-four patients undergoing he-
modiafiltration with vitamin E-coated polysulfone dialysis
membrane (Leoceed 21H) were examined, followed by a
polysulfone dialysis membrane treatment without vitamin
E (FX800). The following parameters of oxidative stress
were measured: superoxide anion radical (Oz’), hydrogen
peroxide (H2Oy), thiobarbutyric acid reactive substances
(TBARS), nitric oxide (NOy’), catalase (CAT), superoxide
dizmutase (SOD), and reduced glutathione (GSH) activity.
Statistical analysis included the Kolmogorov-Smirnov test,
Student-# test and Wilcoxon test. Results. On-line he-
modiafiltration using a high-flux polysulfone vitamin E-
coated membrane led to significant reduction of TBARS

Apstrakt

Uvod/Cilj. Oksidacioni stres je znacajan faktor rizika od
razvoja kardiovaskularnih aterosklerotskih bolesti u popu-
laciji bolesnika koji se lece redovhom hemodijalizom. Bio-
inkompatibilnost dijalizne membrane i povecana koncen-
tracija endotoksina u rastvoru za hemodijalizu su dva glav-
na faktora koja mogu da podstaknu oksidacioni stres. Rad
je imao za cilj da ispita uticaj membrane oblozene vita-

concentration and SOD activity, while the on-line he-
modiafiltration session using a high-flux polysulfone
membrane that is not vitamin E-coated induced a signifi-
cant increase in HxOs concentration in the serum and a
decrease in SOD activity. There was no statistical signifi-
cance among the other parameters of oxidative stress.
Conclusion. A single session of on-line hemodiafiltration
using a vitamin E-coated polysulfone membrane signifi-
cantly affects oxidative stress. After a single session of on-
line hemodiafiltration using a vitamin E-coated membrane,
the concentration of TBARS has significantly decreased.
The decreased activity of superoxide dismutase could be a
consequence of an increased loss of microelements during
an on-line hemodiafiltration session using a high-flux pol-
ysulfone membrane. Patient selection, continuous on-line
hemodiafiltration using a vitamin E-coated polysulfone
membrane over a 3—6 month period and increased antiox-
idant protection capacity could possibly reduce the risk of
cardiovascular morbidity and mortality in patients treated
by hemodialysis.

Key words:
hemodiafiltration; membranes, artificial; oxidative
stress; vitamin e.

minom E na oksidacioni stres u toku pojedinacne seanse
on-line hemodijafiltracije. Metode. Ispitana su 24 bolesnika
koja su lecena on-/ine hemodijafiltracijom sa polisul-
fonskom dijaliznom membranom oblozenom vitaminom
E (Leoceed 21H), a zatim i polisulfonskom dijaliznom
membranom neoblozenom vitaminom E (FX800). Glavni
parametri oksidacionog stresa, koji su praceni, bili su: su-
peroksidni anjon (Oyz), vodonik peroksid (H203), reak-
tivne supstancije vezane za tiobarbituricnu kiselinu
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(TBARS), azotni oksid (NOyz"), katalaza (CAT), superoksid
dizmutaza (SOD) i aktivnost redukovanog glutationa
(GSH). Za statisticku analizu koris¢eni su: Kolmogorov-
Smirnov test, Student-ov £test za vezane uzorke i Wilcox-
on-ov test. Rezultati. On-/ine hemodijafiltracija sa high-flux
polisulfonskom membranom oblozenom vitaminom E
statisticki je znacajno smanjivala koncentraciju TBARS i
aktivnost SOD u serumu. Nakon seanse on-/ine hemodija-
filtracije sa high-flux polisulfonskom membranom koja nije
bila oboloZena vitaminom E statisticki se znacajno pov-
ecala koncentracija H2O» u serumu, dok se aktivnost SOD
znacajno smanjila. Kod ostalih ispitivanih parametara
oksidacionog stresa nije utvrdena statisticki znacajna razli-
ka izmedu koris¢enih membrane. Zaklju€ak. Pojedinacna
seansa on-/ine hemodijafiltracije sa polisulfonskom mem-
branom oblozenom vitaminom E statisticki znacajno utice

na oksidacioni stres. Koncentracija TBARS u serumu je
statisticki znacajno niz posle pojedinacne seanse on-line
hemodijafiltracije sa membranom obloZenom vitaminom
E. Smanjena aktivnost SOD mogla bi da bude posledica
pojacanog gubitka mikroelemanata u toku seanase on-/ine
hemodijafiltracije sa high-flux polisulfonskom membranom.
Izbor bolesnika, on-fine hemodijafiltracija sa polisul-
fonskom membranom obloZzenom vitaminom E kon-
tinuirano u vremenskom periodu od 3—6 meseci i pov-
ecanje kapaciteta antioksidacione zastite mogli bi da sman-
je rizik od kardiovaskularnog morbiditeta i mortaliteta kod
bolesnika na hemodijalizi.

Kljucne reci:
hemodijafiltracija; membrane, veStacke; stres,
oksidativni; vitamin e.

Introduction

Oxidative stress is a significant risk factor for the
development of cardiovascular diseases in the population
of patients treated with regular hemodialysis 1. In these
patients, oxidative stress happens as a consequence of
increased effect of prooxidative factors and reduced
activity of antioxidant protection systems (non-enzyme
and enzyme systems). The prooxidation factors include:
age, diabetes mellitus, uremic background, chronic
inflammatory status, bioincompatible dialysis membrane
and presence of endotoxins in the hemodialysis solution.
On the other hand, decreased activity of antioxidant non-
enzyme mechanisms happens due to a lack of vitamin C
and vitamin E, while decreased activity of antioxidant
enzymes, such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (Gpx), is due to a lack
of cofactors [increased selenium (Se) and zinc (Zn) loss
through the dialysis membrane during hemodialysis] and
reduced activity of glutathione (GSH) system 23,

Hemodialysis is itself a trigger for the occurence of
oxidative  stress. The main  pathophysiological
mechanisms of the increased formation of reactive oxygen
species (ROS) during the hemodialysis session are the
bioincompatibility of the dialysis membrane, presence of
endotoxins in the hemodialysis solution and increased
loss of cofactor oligoelements that are necessary for the
activity of antioxidant enzymes 2,

Dialysis membranes play a central role in the
hemodialysis process (hemodialysis). They can be natural
and synthetic. Natural membranes include cellulose
derivatives with water permeability coefficient — Kuf < 10
mL/h x mmHg ("low-flux" membrane), low clearance of
moderate molecular weight uremic toxins and a lower
biocompatibility = degree  compared to  synthetic
membranes. Synthetic membranes are biocompatible
membranes that have a high water permeability
coefficient — Kuf > 20 mL/h x mmHg ("high-flux"
membranes) and high clearance of medium molecular
weight uremic toxins 3. The evaluation of the dialysis

membrane efficacy is based on the coefficient of mass
transfer (KoA), which can be calculated by multiplying
the coefficient of transmission (Ko) and the surface of the
membrane (A). Highly effective dialysis membranes are
those that have KoA > 600-700 3°. Highly effective
(KoA > 600-700) and highly permeable water membranes
with ultrafiltration coefficient of Kuf > 50 mL/h x mmHg
are used for on-line hemodiafiltration 35,

During a hemodialysis session, there is a direct
activation of the polymorphonuclear leukocytes due to
direct contact of the blood and the surface of the dialysis
membrane, which is the result of myeloperoxidase
activity which increases the formation of free oxygen
radicals. Measurement of serum myeloperoxidase
concentrations released from polymorphonuclears during
a hemodialysis session indicates the severity of oxidative
stress induced by different bioincompatibility degrees of
dialysis membranes ’.

During a single 4-hour session of hemodialysis, the
patient's organism is exposed to approximately 120 liters
of dialysis solution. Therefore, a high microbiological
quality of the dialysis solution (ultra-pure dialysis
solution) is required & °. According to the European Best
Practice Guidelines/European Renal Best Practice,
ANSI/AAMI  RD52 (American National Standards
Institute/Association for the Advancement of Medical
Instrumentation RD 52) and ANSI/AAMI/ ISO 11663 for
the Advancement of Medical Instrumentation 1SO 11663,
the ultra-pure dialysis solution is defined as a solution in
which the number of bacterial colonies is < 0.1 (colony-
forming units - CFU)/mL and the endotoxin
concentration is E < 0.03 (endotoxin units — EU/mL).
This solution is used for high-flux hemodialysis (HFHD)
and hemodiafiltration (HDF), while a solution with
endotoxin concentration < 0.50 EU/mL (< 0.25 EU/mL)
and the number of colonies < 100 CFU/ml (< 50
CFU/mL) is used for low-flux hemodialysis (LFHD),
according to current recommendations & °. Endotoxin and
other bacterial products can pass from the dialysis
solution through the dialysis membrane to the patient's
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blood via backdiffusion/backfiltration processes and
activate the mononuclear and polymorphonuclear cells to
boost the formation and release of free oxygen and pro-
cationic  cytokine radicals interleukin-1  (IL-1),
interleukin-6 (IL-6), tumor necrosis factor alpha (TNFa),
all of this resulting in the development of oxidative stress,
microinflammatory and accelerated atherosclerosis & °.

In patients treated with regular hemodialysis, the
activity of enzymatic and non-enzymatic antioxidant
systems is reduced. Reduced concentration of trace
elements, such as Se, Cu and Zn decreases the activity of
antioxidant enzymes (SOD, Gpx). This is probably a
result of insufficient intake, but also increased loss during
HFHD/HDF °. Also, because of a lack of vitamins C and
E, the capacity of non-enzymatic antioxidative protection
systems is reduced °

The present investigation aimed to examine the
effect of a vitamin E-coated membrane on oxidative stress
during a single session of on-line HDF.

Methods

The study included 24 patients treated with on-line
HDF at the Center for Nephrology and Dialysis of the
Clinical Center Kragujevac. The research was conducted
in accordance with the Helsinki Declaration on Medical
Research, the approval from the Ethics Committee of the
Clinical Center Kragujevac and the consent of the
patients.

The patients examined in this study were regularly
treated with on-line HDF, three times a week for 4 hours
(12 h per week), over a period of more than three months
with a convective volume of 17 liters per session, on
machines with controlled ultrafiltration type Fresenius
5008S, Gambro AKA200US and Gambro Artis, with the
blood flow strength - Qb = 250 mL/min and the dialysis
flow strength-Qd = 500 mL/min were examined. A
standard ultra-pure solution for on-line hemodiafiltration
(endotoxin concentration — E < 0.03 EU/mL) was used.
For on-line HDF, the high-flux dialysis membrane was
coated with vitamin E-Leoceed 21H (polysulfonic
membrane with the effective area of 2.1 m?, KoA = 1351
mL/min, high-flux - Kuf = 88 mL/h x mmHg, sterilized
by gamma rays, Asachi Kasei Medical Europe, Germany)
and a high-flux dialysis membrane that is not coated with
vitamin E — FX800 (polysulphonic membrane with the
effective area of 2.0 m?, KoA = 1365 mL/min, high-flux -
Kuf = 62 mL/h x mmHg, sterilized by steam, Fresenius
Medical Care, Germany). Exclusion criteria were as
follows: patients with proven active bleeding, active
systemic inflammation or infection, with uncontrolled
malignancies, as well as patients treated with
immunosuppressive and antioxidant drugs.

In order to evaluate the influence of the dialysis
membrane coated with vitamin E on oxidative stress
during an individual session of on-line HDF, several
parameteres were followed: anemia (hemoglobin,
hematocrit, erythrocyte indexes), iron status in the
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patient's organism (iron and ferritin serum concentration,
iron saturation of transferin), microinflammation (C-
reactive  protein), nutritional status  (prealbumin,
transferin), secondary hyperparathyroidism  (iPTH,
vitamin D), oxidative stress: (superoxide anion (Oy),
hydrogen peroxide (H.0), thiorbutyric acid reactive
substances (TBARS), nitric oxide in the form of nitrites
(NOy), superoxide dizmutase (SOD), catalase (CAT),
reduced glutathione activity (GSH)), carotid artery intima
media thickness, blood flow through the vascular
hemodialysis approach (Qavf) and the dialysis adequacy
parameter (spKt/V).

Blood samples for laboratory analyses were taken
prior to initiation and after completion of a single on-line
HDF, before subcutaneous administration of heparin and
before intravenous administration of iron and vitamin B
complex at the end of the on-line HDF session. Blood
samples were taken from the same group of patients
before and at the end of an individual HDF session with a
"high-flux" polysulfone membrane of type Leoceed 21H,
as well as before and after type FX800 treatment. Routine
laboratory analyses were performed using standard
laboratory tests and calculated as an average value of
three measurements over three consecutive months.

The serum ferritin concentration was determined by
the turbidimetric method, on the Beckman Coulter AU680
apparatus. In patients treated with regular hemodialysis, the
normal serum ferritin concentration is 100-500 ng/mL.

The serum C-reactive protein (CRP) concentration
was determined by the turbidimetric method on the
Olympus AU680 and calculated as the average value of
two measurements over two consecutive months. The
normal serum CRP concentration is < 5 mg/L.
Microinflammation is defined as the concentration of
CRP in the serum of 5 mg/L.

The concentration of vitamin D in the serum was
determined by electrochemiluminescence, on the Cobas e
411. The normal vitamin D concentration in the serum is
20-40 ng/mL. In patients treated with regular
hemodialysis, the normal vitamin D concentration is > 30
ng/mL (30-80 ng/mL). A severe deficit is defined as the
concentration of vitamin D < 10 ng/mL. Vitamin D
deficiency exists if the concentration is 10-20 ng/mL, and
the insufficiency is defined as the concentration of
vitamin D in the serum of 20-30 ng/mL.

The concentration of intact parathormone (PTH) in
the serum was determined by the immunodiathymetric
method (IRMA), on the gamma counter WALLAC
WIZARD 1470. The normal concentration of intact PTH
in the serum is 11.8-64.5 pg/mL. In patients with
hemodialysis the upper normal limit is 300 pg/mL.

The principle of determining the concentration of
superoxide anion (O2) in blood plasma samples uses the
O, reaction with nitro tetrazolium blue (Nitro Blue
Tetrazolium — NBT) to nitroformase blue. Measurement
takes place at a wavelength A = 550 nm.

The method for determining the concentration of
hydrogen peroxide (H.O) is based on the oxidation of
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phenol red by the hydrogen peroxide reaction, which
catalyses Horse Radish Peroxidase (HRPO). The final
result of this reaction is the formation of a compound with
a maximum absorption Amax = 610 nm.

The determination of the lipid peroxidation index
was carried out indirectly through products of the lipid
peroxidation reaction with thiobarbituric acid reactive
substances (TBARS). The principle of this method is
based on the determination of lipid peroxide levels based
on the reaction of one of them, malonildialdehyde
(MDA), with thiobarbutyric acid (TBA). Measurement
takes place at a wavelength A= 530 nm.

Determination of the concentration of nitrogen
monoxide (NOz) was carried out on the basis of the
amount of released nitrites. The principle of this method
involves the use of a Griess reagent, which builds a diazo
complex with nitrites, which gives the purple color.
Measurement takes place at a wavelength A= 550nm.

An adrenaline method was used to determine the
activity of SOD. The principle of this method, which
normally belongs to the group of the "negative” type, is to
monitor the reduction in the self-oxidation rate of
adrenaline in the alkaline environment, which is
dependent on O;". Given that O, Is removed by the
present SOD, the adrenaline authoxidation reaction is
inhibited. The system monitors the rate of adrenaline
autoxidation change through the change in absorbance at
480 nm, which is inversely proportional to SOD activity.

The Beutler method was used to determine the CAT
activity. The principle is the spectrophotometric
monitoring of the rate of decomposition of H,O; in the
presence of CAT at a wavelength of 230 nm, in which
H»0, absorbs light.

For the determination of reduced GSH activity, the
Beutler spectrophotometric method was used. The
principle of the method is based on the oxidation of GSH
by 5,5-dithio-bis-6,2-nitrobenzoic acid (DTNB).

The hemodialysis adequacy was assessed on the
basis of the single-pool Kt/Vsp index calculated
according to Daugirdas second-generation formula:
Kt/Vsp = -In (C2/C1 - 0.008 x T) + (4 - 3.5 x C2/C1) x
UF/W (mmol/L), T - hemodialysis duration (h), UF -
interdialysis yield (L), W - body weight after the
hemodialysis (kg). According to K/DOQI guidelines,
hemodialysis is adequate if Kt/Vsp > 1.2.

Urea reduction rate (URR) index was calculated
using the following formula: URR = (1-R) x 100%, where
R represents the ratio of urea concentration in the serum
after and before the hemodialysis treatment. Hemodialysis
is adequate if the URR index = 65-70%.

Blood flow through the vascular approach (Qavf)
was determined by the Color Doppler ultrasound scan, on
the Logic P5 apparatus, using a 7.5 MHz probe, wherein
the blood flow is calculated from the formula: Qavf =
r’n/4 x Vmean x 60 (mL/min), where: r — radius of
vascular access, and Vmean — mean blood flow velocity
through vascular approach. The blood flow is calculated
as the mean of three measurements, 2-4 cm on the vein

vascular approach, proximal to the anastomosis site.
Blood flow through a vascular approach that provides
adequate hemodialysis is 500-1000 mL/min.

The thickness of carotid arterial intimal media (IMT)
was determined by the Color Doppler ultrasonic
examination, on the Logic P5 apparatus, using a 7.5 MHz
probe, as the average value of three individual
measurements on the right and left carotid arteries.
Measurements were performed 1-2 cm below the
bifurcation of carotid arteries by the same ultrasonograph
apparatus. The normal thickness of the intima media is
defined as a value of less than 0.9 mm.

The tests used for the statistical analyses of the
obtained data were following: the Kolmogorov-Smirnov
test, Student t-test and Wilcoxon test. Significance
threshold was a probability of 0.05 and 0.01.

Results

In the Center for Nephrology and Dialysis of the
Clinical Centre Kragujevac, a cross-sectional study was
conducted, which included patients who have been treated
with regular on-line HDF over a period of more than three
months. Twenty four patients (19 men, 5 women) were
examined (mean age: 60.92 + 8.20 years, average dialysis
length: 9.53 + 5.45 years, and average spKtV dialysis
index: 1.20 £ 0.18). General data on patients are shown
in Table 1.

Anemia treatment that was used included short-
acting and long-acting erythropoietin, i.v. administration
of iron, i.v. preparation of vitamin B and folic acid
perorally. The average monthly dose for short-acting
erythropoietin was 18,000.00 + 12,055.43 IU, and for
long-acting erythropoietin it was 140.00 £+ 36.33 pg. The
average monthly intravenous iron dose was 256.25
131.50 mg, the average monthly dose of vitamin B1, was
2,916.67 + 1592.56 pg, and the average monthly folic
acid dose was 181.25 £ 62.23 mg. Secondary
hyperparathyroidism in the examined patients was treated
with  calcium-containing phosphate linkers, active
metabolites of vitamin D and paricalcitol. The average
monthly dose of rocaltrol was 3.08 £ 5.10 pg, and the
average monthly dose of i.v. paracalcitol was 2.50 *
12.25 pg.

The average values of anemia parameters, iron
status, microinflammation, nutritional status, secondary
hyperparathyroidism and ultrasound examination of
carotid arteries are shown in Table 2.

In order to evaluate the influence of the dialysis
membrane type on oxidative stress during a single session
of on-line hemodiafiltration, the following parameters
were examined: sO;", H,O,, TBARS, NO,, SOD, CAT,
and reduced activity GSH. They are shown in Table 3.

The patients treated with HDF were shown a
significantly (p < 0.05) lower concentration of TBARS
and significantly (p < 0.01) lower SOD activity after the
on-line HDF session with a vitamin E-coated membrane
(Leoceed 21H), as shown in Table 3. When we treated the
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same patients in a single on-line HDF session using a
membrane without vitamin E-coating (FX800), t H,0;
values were significantly higher, while the SOD activity
was significantly lower after the treatment (p < 0.01) than
before the onset of HDF (Table 3). There was no

significant difference in values of the rest of oxidative
stress parameters: CAT, GSH, Oz, NO; (p > 0.05), before
and after the session of on-line HDF using a vitamin E-
coated membrane (Leoceed 21H), as well as a a
membrane without vitamin E-coating (FX800) (Table 3).

Table 1
General data on patients

Data Values
Number of patients 24
Gender (M/F), n (%) 19/5 (79.17/20.83)
Age (years), mean = SD 60.92 +8.20
Length of hemodyalisis treatment (years), mean + SD 9.53 £5.45
Body mass index (kg/m?), mean + SD 25.63 +3.53
Systolic arterial blood pressure (mmHg), mean + SD 131.67 £ 13.73
Diastolic arterial blood pressure (mmHg), mean + SD 77.50 £6.76
Mean arterial blood pressure (mmHg), mean + SD 95.56 + 8.49
Body weight (kg), mean = SD 74.21 +12.69
Interdialytic weight gain (kg), mean £ SD 2.33£0.92
Interdialytic weight gain (%),mean + SD 3.22+1.32
Ultrafiltration rate (mL/kg/h), mean + SD 8.04 +£3.30
Ultrafiltration (mL/h), mean + SD 583.33 £ 229.21
Residual diuresis (mL/24 h), mean + SD 425.00 £ 591.98
Avrteriovenous fistula flow (mL/min), mean £ SD 967.08 + 415.62
Index of hemodyalisis adequacy (Kt/Vsp), mean + SD 1.20+£0.18
Primary kidney disease, n (%)

glomerulonephritis chronica 3(12.5)

nephropathia hypertensive 10 (41.66)

nephropathia diabetica 1(4.16)

nephropathia obstructiva 1(4.16)

nephropathia chronica 4 (16.67)

renes polycystici 5(20.83)
Comorbidity, n (%)

hypertension 22 (91.66)

hypotension 1(4.17)

diabetes mellitus 1(4.17)

M — male; F — female; SD - standard deviation.

Table 2

Basic investigation parameters

Parameters

Values (mean + SD)

Hemoglobine (g/L)

105.88 + 14.56

Hematocrit (%) 32.09 +4.47
Mean corpuscular volume (fL) 93.74 + 4.86
Mean corpuscular hemoglobin concentration (g/L) 329.50 £ 6.53
Vitamine B12 serum concentration (pg/mL) 962.33 + 503.24
Folic acid serum concentration (ng/mL) 20.42 £13.16
Iron serum concentration (umol/L) 9.62 £4.04
Transferrin saturation (%) 24.46 £9.77

Feritine serum concentration (ng/mL)

591.96 + 318.31

C-reactive proteine serum concentration (mg/L) 6.08 £ 6.74
Albumine serum concentration (g/L) 37.96 +3.24
Prealbumine serum concentration (g/L) 0.29 £0.08
Transferine serum concentration (g/L) 1.57+0.28
Vitamin D serum concentration (ng/mL) 20.16 £ 9.69
Intact parathormon serum concentration (pg/mL) 228.92 +287.42
Average right carotid artery intima-media thickness (mm) 1.21+0.24
Average left carotid artery intima-media thickness (mm) 1.19+0.26
Average intima-media thickness of both carotid arteries (mm) 1.20 £0.23

SD - standard deviation.
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Table 3
The influence of the dialysis membrane type on oxidative stress parameters during
a single session of on-line hemodiafiltration (HDF)
On-line HDF membrane

Parameters Leoceed 21H (vitamin E-coated) FX800 (without vitamin E-coating)

before HDF after HDF P before HDF after HDF P
Oz~ 3.45+£351 1.87 £2.06 0.078 196 +1.23 183+1.14 0.548
H202 4.82+1.99 4.74 +1.56 0.878 714172 7.95+1.54 0.003
TBARS 1.20+0.26 1.07 £0.10 0.031 0.88 +0.15 0.90+0.24 0.567
NO: 3.65+1.24 3.34+£0.80 0.223 7.79+229 8.09 +2.00 0.174
SOD 37.99 +27.12 19.33+11.46 0.003 27.13+13.72 18.66 + 11.38 0.010
CAT 2.38+151 1.86 +1.28 0.107 1.79+1.23 215+152 0.626
GSH 110,615.52 + 106,438.65 £ 0.992 90,988.86 + 92,846.14 0.364

27,561.68 32,204.63 14,909.96 12,470.16

Note: Results are given as mean + standard deviation.

Oz — superoxide anion radical (nmol/mL); H202 — hydrogen peroxide (nmol/mL); TBARS - thiobarbituric acid reactive
substances (umol/L); NO2 ™ nitric oxide in the form of nitrites (nmol/mL); SOD - superoxide dismutase (U/gHb x 10%);
CAT - catalase (U/gHb x 10%); GSH - reduced glutathione (U/gHb x 108).

Discussion

Cardiovascular diseases have remained the leading
cause of death in patients with a final stage of chronic
kidney disease treated with regular dialysis. Oxidation
stress is considered to be a non-traditional risk factor for
the development of cardiovascular disease in this
population of patients % 2, It occurs as a disbalance
between formation of free oxygen radicals and activity of
antioxidant protection systems. In the population of
patients treated with hemodialysis, four types of oxidative
stress can be distinguished: standard oxidation stress,
chlorinated stress, nitrosative stress and carbonyl stress.
Antioxidant protection against oxidative stress includes
enzymatic (superoxide dismutase, catalase and glutathione
peroxidase) and non-enzymatic systems of protection
which include hydrophilic vitamin C and lipophilic vitamin
E 113, The main clinical consequences of oxidative stress
in patients with a terminal stage of chronic kidney disease
treated with regular hemodialysis are: accelerated
atherosclerosis, erythropoietin resistance (anemia) and
amyloidosis caused by po-microglobulin 113,

Biocompatibility degree of the dialysis membrane
significantly affects oxidative stress in patients with a
terminal stage of chronic kidney disease treated with
hemodialysis. The results of the conducted studies that
compared the influence of two different dialysis
membranes on oxidative stress indicate that the
hemodialysis session with cuprophane membrane
significantly increases the serum MDA concentration
relative to the dialysate session with the polysulfone
membrane 4. After a hemodialysis session using a
polysulfone and cuprophane membrane, the activity of
antioxidant enzymes increases, but this increase is
significant only for CAT in patients dialysed using a
polysulphonic membranes 4. However, comparing the
effects of the hemodialysis session usingdifferent
membranes, hemophane and polysulfone, it has been
found that the polysulfone membrane significantly
increases the concentration of MDA in the serum and

significantly reduces selenium concentration and Gpx
activity relative to the hemophane dialysis membrane *°.
The hemodialysis session using the "high-flux"
polysulfone membrane significantly lowers the formation
of free oxygen radicals during hemodialysis compared to
the  "low-flux" polysulfone membrane %  The
hemodialysis session with the "high-flux" polysulfone
membrane also provides better control of the neutrophil
function compared to the “low-flux" polysulfone
membrane ',

On-line HDF, a biocompatible highly permeable
dialysis membrane and an ultrapure solution for
hemodialysis could ameliorate oxidative stress and slow
the development of atherosclerosis 17 18, During a single
session of on-line HDF, using membranes that have a
large surface and high water permeability (Kuf > 50 mL/h
x mmHg), there is an increased loss of trace
oligoelements (selenium, zinc, copper), which are
significant cofactor of enzymatic antioxidant enzymes
(SOD). A significantly lower concentration of oxidative
stress parameters is achieved on-line by HFD with a
vitamin E-coated membrane in continuity over a 3-6
months period relative to standard hemodialysis using a
“low-flux” membrane without vitamin E-coating. The
results of clinical trials suggest that treatment with on-line
HDF, with “high-flux” membranes over a period of 3-6
months, significantly reduces inflammation, oxidative
stress and resistance to erythropoietin activity, compared
to hemodialysis with “low-flux” membranes 7 18
Hemodialysis membranes (vitamin E-coated
hemodialysis) have also shown the reduction of lipid
peroxidation parameters values in the serum, such as:
MDA, TBARS and oxidized low density lipoprotein
(oxLDL) cholesterol °-2*, Some studies highlight that
these membranes also reduce the concentration of oxidative
nucleic acid parameters such as 8-hydroxydeoxyguanosine
(8-OHdG) and the concentration of microinflammatory
parameters (CRP, interleukin-6) %%, Treatment with
“high-flux” hemodialysis using polysulphonic membrane-
bound vitamin E over a period of three to six months
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significantly reduces oxidative stress, microinflammation,
and erythropoietin resistance index. It also corrects the
treatment of anemia, reduces the amount of erythropoietin
and the thickness of intima-media of carotid arteries in a
population of patients treated with regular hemodialysis
without affecting hemodialysis adequacy parameters (Kt/V
index) 24 The results of this study showed that after a
single session of on-line HDF using a “high-flux”
polysulfone membrane coated with vitamin E (Leocced
21H), the concentration of TBARS and the SOD activity
are significantly reduced. This can be explained by the
effect of vitamin E, but also by the loss of microelements,
the cofactor of SOD during on-line HDF session 2> 26, The
results of the tests carried out so far show that a significant
amount of microelements (selenium, zinc, copper) is lost
during the on-line HDF and hemodialysis using a "high-
flux" polysulfone membrane, which results in a decrease in
the activity of antioxidant enzymes, such as SOD and Gpx
2= Normal serum zinc concentration is 70-110 pg/dL, in
erythrocytes 40-44 pg/g Hb, and normal activity of SOD in
erythrocytes is 1.102-1.601 IU/g Hb. In patients treated
with regular dialysis, zinc is administered at a dose of 100
mg/day for 8 weeks. The results of the study show that the
zinc applied in this dose significantly increases the activity
of SOD in erythrocytes, while the serum MDA
concentration significantly decreases 3% %2, In addition to
the oligoelements, during the dialysis session, hydrosoluble
vitamins that exhibit an antioxidant effect (vitamin C) are
lost. Vitamin C clearance during the hemodialysis session
is 30-50%, and during "high-flux" hemodialysis and
hemodynamic filtration over 50%. Due to reduced
antioxidant capacity and reduced GSH concentration during
HDF using "high-flux" polysulphonic vitamin E-coated
membranes, oligoelements, vitamin C and vitamin E should
be used to prevent these events. Vitamin C should be
administered at a dose of 300 mg i.v. after each individual
hemodialysis session for 8-12 weeks (with monitoring of
serum oxalate concentration), while vitamin E is

administered perorally at a dose of 400-800 1U/day for 12—
16 weeks for secondary prevention of cardiovascular
events; a strong antioxidant effect is achieved at a dose of
1000 mg/day perorally for 8 weeks (alpha tocopherol: 1.0
mg = 1.5 IU) 28-%,

Conclusion

A single session of on-line HDF using a “high-flux”
large-surface polysulfone vitamine E-coated membrane
(A > 2.0 m? significantly affected parameters of
oxidative stress relative to the individual session of the
on-line HDF using the "high-flux™ polysulfone membrane
with surface > 2.0 m?, which is not coated with vitamin E.
After a single session of on-line HDF using the "high-
flux" polysulfone vitamine E-coated membrane with
surface > 2.0 m? the concentration of TBARS was
significantly decreased, while the activity of SOD was
decreased with both dialysis membranes, probably as a
consequence of the increased loss of trace elements,
which are the cofactors of enzymatic antioxidative system
components (SOD). On-line HFD using "high-flux"
vitamine E-coated polysulfone membrane should be
applied in a 3-6 months period, with an appropriate
assessment of the antioxidant protection capacity during
treatment with this dialysis modality. In order to achieve
the optimal efficiency of the treatment, individualization
of HDF prescription is needed.
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Preoperative alcohol consumption, intraoperative bleeding and
postsurgical pain may increase the risk of postoperative delirium in
patients undergoing radical retropubic prostatectomy

Preoperativno konzumiranje alkohola, intraoperativno krvarenje i
postoperativni bol mogu povisiti rizik od nastanka postoperativnog delirijuma
kod bolesnika nakon radikalne retropubi¢ne prostatektomije
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Abstract

Background/Aim. The incidence of postoperative deliri-
um (POD) after non-cardiac surgery is a problem not often
recognized by many anesthesiologists. The objective of our
study was to detect POD and its possible cause, in patients
undergoing radical retropubic prostatectomy (RRP) under
general anesthesia. Methods. After Ethical Committee ap-
proval, we enrolled 80 patients, ASA (the American Society
of Anestesiology) status 1I, scheduled to undergo RRP un-
der general anesthesia, in a prospective study. All patients
completed MMSE tests (the Folstein Mini Mental State Ex-
am) the evening before, and 48 hours after the surgery. As-
sessment for the presence and severity of delirium was per-
formed using CAM (the Confusion Assessment Method),
and an assessment of the degree of agitation and sedation
using RASS (the Richmond Agitation and Sedation
Scale). Results. The average preoperative MMSE score
(28.59 £ 1.04) significantly decreased following the surgery
(27.74 £1.52) (p <0.0001). The average postoperative
MMSE score trend descended in correlation to intraopera-
tive bleeding (p = 0.036). The patients with higher pain

Apstrakt
Uvod/Cilj. Postoperativni delitijum (POD) kod bolesnika

nakon nekardiohirurskih procedura je cesto neprepoznat od
strane anesteziologa. Cilj nase studije bio je procena

scores had significant decline in MMSE after the surgery
(28.75 vs. 26.25; p < 0.001). Five patients were considered
positive for delirium, and four of them reported regular al-
coholic drinks intake (> 1 drink per day) preoperatively
(p < 0.0001). Based on RASS score, 13 patients (16.3%)
were agitated or sedated, and they had statistically signifi-
cantly higher intraoperative bleeding (p < 0.001). Conclu-
sion. Results of this study emphasize the importance of
proper preoperative evaluation; especially regarding the al-
cohol consumption since all the patients that developed
POD reported moderate alcohol consumption. Further-
more, greater intraoperative bleeding and postoperative pain
scores did not influence the occurrence of delirium, but re-
sulted in lower postoperative MMSE scores, which high-
lights the importance of adequate intraoperative treatment
of patients during surgery and anesthesia in order to reduce
the risk of developing POD.

Key words:

delirium; postoperative complications; alcohol
consumption; bleeding; postoperative pain; risk
factors; prostatectomy.

ucestalosti postoperativnog delirijuma (POD) i mogucih
faktora rizika od njegovog nastanka kod bolesnika koji su
bili u opstoj anesteziji usled hirurskog zahvata kod radikalne
retropubi¢ne prostatektomije (RRP). Metode. Nakon dobi-
janja dozvole Etickog komiteta, prospektivna studija
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obuhvatila je 80 bolesnika, ASA (the American Society of
Anestesiology) skor 11, koji su planirani za RRP u opstoj
anesteziji. Bolesnici su ispunili MMSE test (#he Folstein Mini
Mental State Exam) preoperativno (vece pred operaciju) i
postoperativno (48 sati nakon operacije). U studiji smo
ipitivali prisutsvo i tezinu delirijuma upotrebom CAM (#he
Confusion Assessment Method), a stepen agitacije 1 sedacije
primenom RASS  (the Richmond ~Agitation and  Sedation
Scale). Rezultati. Prose¢ni preoperativni MMSE  skor
(28,59 £ 1,04) bio je znacajno snizen u postoperativnom pe-
riod (27,74 £ 1,52; p < 0,0001). Snizenje prosecnog postop-
erativnog MMSE skora bilo je u korelaciji sa intraopera-
tivnim krvarenjem (p = 0.036). Bolesnici sa visim intenzite-
tom bola imali su znacajno snizen postoperativni MMSE
skor (28,75 vs. 26,25; p < 0,001). Kod cetiri od pet bolesni-
ka koji su imale delirijum, zabeleZen je redovni unos alko-
hola (>1 piéa dnevno) u preoperativnom periodu
(» <0,0001). Na osnovu RASS skora, agitacija je registro-

vana kod 13 (16,3%) bolesnika, i kod svih je zabeleZzeno
znacajno vece intraoperativno krvarenje u odnosu na
ostatak ispitanika (p < 0.001). ZakljuCak. Rezultati nase
studije pokazuju da je u preoperativnoj evaluaciji znacajno
registrovati preoperativu konzumaciju alkohola, uzevsi u
obzir da su svi bolesnici koji su u postoperativhom period
razvili POD, preoperativno konzumirali alkohol u vecoj
koli¢ini. Tako vece intraoperativno krvarenje i postopera-
tivni bol viSeg intenziteta nisu uticali na ucestalost pojave
delirijuma, snizavali su MMSE skor, §to ukazuje na znacaj
adekvatnog intraoperativnog tretmana bolesnika u toku hi-
rurgije i anestezije u cilju smanjenja rizika od razvoja
POD.

Kljucne redi:

delirijum; postoperativne komplikacije; alkohol,
pijenje; krvarenje; bol, postoperativni; faktori rizika;
prostatektomija.

Introduction

The incidence of postoperative delirium after non-
cardiac surgery in patients older than 18 years of age could
range between 19% and 44.5% 2. This problem is often
underestimated and not recognized by many
anesthesiologists. Postoperative delirium is more frequent
in the elderly but is also perceived in younger patients as
well. Since the world population over the age of 65 is
increasing, this would be a more commonly observed
problem in the post-anesthesia care unit (PACU) and
intensive care unit (ICU) in the upcoming years % 4
Postoperative delirium in patients undergoing surgical
procedures under general anesthesia is very important
because it is associated with poor outcomes, increased
mortality rate, increased length of stay in the PACU and
overall hospital stay as well 56,

Pathogenesis of delirium is poorly understood. In
several attempts, researchers tried to develop predictor model
to identify postoperative risk for delirium by looking at
severe illness, visual impairment, cognitive impairment,
nitrogen/creatinine ratio, neurological impairments, and
social habits (smoking, ethanol abuse) ™-°. However, none of
these parameters direct significant sensitivity toward
delirium determination. On the other hand, delirium could
have iatrogenic etiology triggered by anesthetic medications.
Sieber et al. ¥ in a randomized study showed that the use of
light propofol vs. deep sedation could reduce the prevalence
of postoperative delirium by 50% in patients undergoing hip
fracture repair under spinal anesthesia.

Different screening tools have been used in hospitalized
patients for the screening of delirium *. The Mini Mental
State Exam (MMSE), initially described by Folstein et al. 2
in 1975 is recommended as a simple tool in the early
detection of cognitive impairment and state of delirium.
Even though it cannot have a final diagnostic accountability,
it can serve in screening for mental state function validation.
Sensitivity and specificity for delirium/dementia are 87%
and 82%, respectively, calculated when 24 out of 30 were

used as cut-off score 12, The Confusion Assessment Method
(CAM) test was designed to be used by clinicians that are not
mental health professionals. In a systematic review of 9
different studies, Orman et al. ** showed very high sensitivity
and specificity of this test in several studies (80% and 95.9%,
respectively). Furthermore, CAM scale has the highest level
of compatibility with the DSM-1V (Diagnostic and Statistical
Manual of Mental Disorders) classification, which is now
considered to be the gold standard in the diagnosis of
delirium %°. The Richmond Agitation and Sedation Scale
(RASS) is a 10-point scale that was developed in
collaboration with critical care physicians, nurses, and
pharmacists 6. It was initially developed to assess the level
of agitation or sedation in order to ensure precise medication
titration. This scale has been frequently used in the research
and clinical practice settings for delirium assessment. In a
prospective cohort study on 510 ICU patients, Vasilevskis et
al. 17 showed that RASS in combination with CAM is a
sustainable and reliable measure of delirium and sedation
along a bedside.

The objective of our study was to detect postoperative
delirium using pre- and postoperative MMSE, postoperative
CAM and RASS, as well as possible risk factors in male
patients undergoing radical retropubic prostatectomy (RRP)
under general anesthesia.

Methods

This prospective observational study was conducted
after receiving approval from Ethical Committee of the
Clinical Center of Serbia in Belgrade, Serbia. We consented
and enrolled 80 male patients who were scheduled for radical
retropubic prostatectomy at the Clinic of Urology, Clinical
Center of Serbia. All the patients who had clinically
significant cardiovascular, respiratory, hepatic, renal,
neurological diseases or psychiatric disorders, those who had
history of benzodiazepine abuse or those who had undergone
a general anesthesia 30 days before screening were excluded
from the study.
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All 80 patients underwent radical retropubic
prostatectomy under general anesthesia. Half an hour prior
to the induction of anesthesia, the patients were pre-
medicated with midazolam 5 mg im and atropin 0.5 mg im.
Common methods of balanced general anesthesia were
applied. All patients received 1.5 pg/kg iv of fentanyl and 2
mg/kg iv of propofol for induction of anesthesia, and 0.6
mg/kg iv of rocuronium bromide muscle relaxant to
facilitate tracheal intubation. General anesthesia was
maintained by a mixture of sevoflurane (Fex =0.8%),
nitrous oxide and oxygen (FiO,=40). Neuromuscular
antagonism maintenance dose 0.15 mg/kg of rocuronium
bromide was administered when 2 responses to TOF
(“Train of Four”) stimulation were present. Analgesia was

maintained by intravenous injection of opioids that
included 0.5-1.0 pg/kg iv fentanyl bolus injection.
Intraoperative monitoring for all patients included

continuous recording of five-lead electrocardiogram (ECG)
with special attention to ST segment, oxygen saturation by
pulse oximetry, and noninvasive blood pressure, airway gas
analysis, capnography and TOF stimulation. At the end of
the surgery, residual neuromuscular blockade was reversed
by mixture of atropine 0.75 mg iv and neostigmine 1.5 mg
iv.

Upon admission to the ICU, patients received continuous
iv infusion of tramadol 400 mg/day and diclofenac-Na* 75 mg
im every 12 hours if the pain scores were more than 3 out of
10 on the Numeric Rating Scale (NRS).

We collected the following variables: demographic
information (age, height, weight, education level),
comorbidity (detailed medical history with emphasis on
neuropsychiatric  disorders), as well as alcohol
consumption (number of drinks per day), the American
Society of Anestesiology (ASA) status, duration of
anesthesia, duration of surgery, total blood loss, length of
stay in the ICU and total length of stay in the hospital.
Furthermore, we collected the MMSE scores
preoperatively and postoperatively, and postoperatively
CAM, RASS and NRS scores.

Twelve hours before the surgery patients were
interviewed, and the Folstein MMSE questionnaire,
written in Serbian, language were completed. The MMSE
is an 11-question assessment tool that can be completed
within 5-10 minutes, with the maximum test score of 30.
This test is a global assessment of many domains
including: orientation of time and place, registration of 3
words, attention and calculation (recall of 3 words,
language and visual construction), which allows detection
of mood changes, abnormal mental experiences and
thought process impairment 12, Reassessment of cognitive
status using MMSE score was performed 48 hours after
the surgery.

The CAM test was used to evaluate the presence and
severity of delirium and agitation. This test is easy to
perform for the short period of time (5 minutes). The RASS
was used to assess the level of sedation. This 10-point scale
has one level to denote a calm/alert state (0), five levels of
sedation (-1 to -5) and four levels to detect anxiety or
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agitation (+1 to +4). These two scales, CAM and RASS,
were collected 48 hours after the surgery. One person
interviewed patients and collected all MMSE, CAM and
RASS scores to prevent any inconsistency.

Pain scores were recorded on an 11-point NRS (0-10),
every 6 hours postoperatively in the first 48 hours after the
surgery.

Statistical analysis

The sample size estimated for this study was 78,
based on the difference in pain scores at o =0.05,
power = 0.95, and effect size of 0.36. We considered the
difference of 3 in MMSE pain scores to be a clinically
significant improvement. Statistical analysis included
measures of central tendency (the statistical variability of
the series, the interval of variation, mean with standard
deviation and weighted average). The Student’s t-test and
Pearson’s Chi-square (x?) test were applied for testing
differences between variables; as for testing the
correlation between variables, we used the Pearson’s
correlation coefficient. A p-value less than 0.05 was
considered statistically significant. Statistical analysis
was performed using SPSS version 20.0 software (IBM
Corporation, Armonk, NY).

Results

The study included 80 hospitalized patients who
underwent RRP. The enrolled patient age range was
between 44 and 74 years (the average age was 65 + 6
years). All the patients were assigned ASA Il status. The
majority of the patients, 48 of them (60%), had a normal
body mass index (BMI). Regarding the level of education,
most of them, 46 (57.5%), had high level of education
(college degree or graduate degree). Only 4 patients (5%)
reported regular consumption of more than one drink per
day.

The average preoperative MMSE score of
28.59 £1.04 was within normal score range, in
accordance to patient’s age and level of education,
whereas score measured 48h after the surgery was
27.74 £ 1.52. When MMSE values were compared with
the preoperative baseline, the mean MMSE scores
decreased significantly following the surgery (t-
test = 4.602, p <0.0001). The older patients had lower
postoperative MMSE scores, but without any statistical
significance (Figure 1). The patients with lower level of
education showed higher cognitive deterioration
postoperatively according to MMSE scores, however, the
difference was not statistically significant (p > 0.05)
(Figure 2).

The surgery duration was between 97 and 145
minutes (average 125 + 11 minutes). The average duration
of anesthesia was 151 + 13 minutes (ranging from 121 to
171 minutes). There was no correlation between
postoperative delirium and duration of surgery or
anesthesia (p > 0.05).
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On average, the blood loss during the surgery was
1,058 £ 278 mL. Throughout the entire surgery, hematocrit
values were checked regularly, and blood transfusion was
initiated if the hematocrit levels were below 0.33. The
patients received 1-3 units (equivalent to 300-900 mL) of
packed red blood cells (pRBCs). Compared to

intraoperative bleeding, there was the mean postoperative
MMSE scores decline. Specifically, less intraoperative
bleeding was in correlation with the highest postoperative
MMSE score (p=0.5397), which was expressed as
statistically significant p = 0.036 (Figure 3).
Postoperatively, patients reported pain scores between 0

70.0

R?=0.0728

Average patients’ age

24 25 26

27 28 29 30

Postoperative MMSE score

Fig. 1 —Postoperative Mini Mental State Exam (MMSE) scores
and average patients’ age.
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Fig. 2 — Postoperative Mini Mental State Exam (MMSE) scores
and patients’ level of education.
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Fig. 3 — Postoperative Mini Mental State Exam (MMSE) scores and
average intraoperative bleeding.
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and 4 on an 11-point NRS scale (0-10), with an average of
2.33 £ 1.11. The majority of patients had pain scores 3/10
(57.5%), and only 4% of them had 4/10. Patients with higher
pain scores had significant MMSE scores decline after the
surgery (28.75 vs. 26.25; p <0.001). Correlation between
postoperative pain scores and MMSE scores decline was
statistically significant (p = 0.002).

The CAM diagnostic algorithm was utilized for all the
patients. According to the CAM scale, five patients were
considered positive for delirium. Four out of 5 patients were
classified as moderate alcohol consumers because they were
consuming up to 2 drinks per day preoperatively (2= 63.16;
p < 0.0001). Patients that developed delirium were a few months
older (65.75 years) when compared to those that did not develop
delirium (64.40 years), which had no statistical significance. The
patients that developed delirium had lower MMSE scores
preoperatively (27.80), compared to those that did not develop
delirium (28.64), and that was without significant difference.
Additionally, these patients also had greater blood loss
compared to the others (1,100 mL and 1,053.7 mL respectively),
without statistical significance as well.

The RASS score (score of agitation and sedation)
ranged from -2 to +4 for all patients. Most of the patients, 67
(83.7%), were awake, alert and demanding with the
RASS score =0 and 13 patients (16.3%) were agitated or
sedated. Three out of 5 patients with delirium had mixed
delirium, 1 patient had hypoactive and 1 patient had
hyperactive delirium. The patients with the RASS score = 0
had less intraoperative bleeding (average 1,004.03 + 211.03
mL) then patients that were agitated or sedated (average,
1,244.44 + 391.41 mL) (F = 11.91; p < 0.001).

Furthermore, there was a statistically significant
correlation between preoperative MMSE scores and
postoperative RASS (R =0.552; p=0.018). RASS scores
increased postoperatively for most of the patients with low
preoperative MMSE. However, postoperative MMSE
descending score was related to lower RASS, but without
statistical significance (R = 0.044; p = 0.881).

Patients that had POD stayed in the ICU longer
(average 95 £ 19 hours) than patients without POD (average
49+ 11 hours) and this difference was statistically
significant (p = 0.0411). Furthermore, patients with POD
stayed in the hospital slightly longer (10 3 days) than
patients without POD (8 + 2 days); however, this difference
was not statistically significant (p > 0.05).

Discussion

Our results revealed that only 6.25% of patients
developed delirium after RRP under general anesthesia,
which is significantly lower incidence than observed
(21.23%) in a study by Tai et al. !8; however, our patients
were, on average, six years younger than patients in their
study. Studies that followed incidence of delirium for
patients after other (non-urological) types of surgeries
showed the incidence ranging from 0.84% up to 51% %2,

Results of our study pointed out that the risk factors for
developing delirium in our patient population were moderate
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alcohol  consumption, intraoperative  bleeding and
postoperative pain. Based on CAM scale, four out of 5
patients that developed delirium reported the use of more
than one drink per day which fits into criteria for moderate
alcohol consumption per Dietary Guidelines for Americans
2015-2020. . The other authors found that alcohol abuse
was one of the predictors for the development of delirium as
We" 19, 20, 23.

In a retrospective database analysis, Fineberg et al.
showed the incidence of postoperative delirium of 0.84% in
patients undergoing spine surgical procedures. They found
that patients who developed delirium were elderly (> 65
years) and with the history of alcohol and/or drug abuse,
having depression, some neurological or psychiatric
disorders, electrolyte, pulmonary or renal abnormalities,
anemia or congestive heart failure. They also found that
delirium was associated with 7.6 times increased mortality
rate °.

Shah et al. % showed that 11.5% of 774 study patients
undergoing major resection of head and neck squamous
carcinoma developed delirium. They showed that older age
(=69 years), preexisting cognitive impairment, surgery
duration (longer than 6 hours) and alcohol consumption are
predictors for developing delirium 2. It was found that
asking the patients whether they have ever been advised on
cutting back on drinking alcohol or abstained for at least a
week in the past year could help in postoperative delirium
risk identification 2°,

Hudetz et al. % conducted a prospective study with 28
patients over the age of 55 with self-reported alcohol abuse,
and the same number of matched non-consuming alcohol
controls, undergoing elective surgery under general
anesthesia. Even though experimental patients’ group did
not consume alcohol for 5 weeks prior to the surgery, they
had a higher incidence of postoperative delirium due to
impaired executive (frontal lobe) functions even without
neurological defects 23. The results of our study, as well as
other studies, 2! confirmed that physician should
emphasize the question regarding alcohol consumption
prior to the surgery.

We excluded patients with clinically significant
cardiovascular, respiratory, hepatic, renal, neurological and
psychiatric diseases, yet confirmed that cognitive impairment
is an important predictor for post-operative delirium, as
shown by many other authors ® 2* 2 The etiology of
cognitive impairment observed in elderly patients is
multifactorial. When dealing with elderly patients in the
preoperative anesthesia clinic, anesthesiologists should
assess the cognitive function and identify all risk factors that
might be associated with cognitive dysfunction 2.

Several already existing models are able to identify
patients with  predisposing factors for developing
postoperative delirium * %, Marcantonio et al. 2° developed a
set of scores for patients undergoing elective non-cardiac
surgery including factors such as: age, poor cognitive and
functional status, significantly abnormal preoperative
glucose, sodium and potassium levels, as well as self-
reported alcohol abuse.
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It is important to recognize that even intraoperative
management may play a role in the development of POD.
Results of our study showed that patients that had more
intraoperative bleeding had lower postoperative MMSE
scores than the RASS scores, which revealed either agitation
or sedation. Olin et al. % observed 51 patients (average 75.1
years of age) after major abdominal surgeries and showed
that 26 of them (51%) developed delirium, and where
delirium lasted for more than 3 days there was significantly
greater blood loss.

The results of our study showed that patients
experiencing more pain had significant MMSE decline after
surgery. Leung et al. 2® also found that patients with higher
postoperative pain, having received higher doses of opioids,
had 3.6 times greater risk for developing POD.

Our patients who developed POD stayed longer in the
ICU. Observing 48 patients, Ely et al. ¥ studied the
relationships between delirium in the ICU and outcomes
including length of hospitalization. Multivariate analysis
showed that POD was the most important independent factor
for the length of hospitalization #. When compared to the
other patients that have not developed delirium, our patients
who developed POD did not stay in the hospital much
longer. However, it is well known that these patients usually
have prolonged hospitalization, which is related to increased
morbidity and mortality 5 9 28,

Veiga at al. % evaluated the incidence and determinants
for delirium development during the immediate
postoperative period in 680 adult PACU patients. The
patients that developed delirium (18.8%) were elderly
(average 71 years of age), had higher ASA physical status,
were more likely to have emergency surgery, and were more
severely ill (hypertension, hyperlipidemia, ischemic heart
disease, congestive heart disease, cerebrovascular disease, or
previous renal insufficiency). They also stayed in the PACU
and hospital longer, and also received higher volume of
intraoperative fluids. They showed that POD was an
independent determinant for hospital mortality and post 6-
month follow-up mortality 2°.

Witlox et al. 2 conducted a meta-analysis of 42 studies
that investigated delirium in elderly patients and showed that

it is associated with poor outcomes, increased risk of death,
institutionalization, and dementia. However, they also
showed that delirium was independent of other confounders
such as age, sex, comorbid illness or illness severity, or the
presence of dementia at baseline. Delirium can be prevented
in some cases; nevertheless, once present, management of
delirium has very limited results in improving long-term
mortality ®. The most important is to identify the patients at
high risk for developing delirium and apply different
strategies to prevent delirium occurrence.

In a meta-analysis of 29 randomized controlled
studies that reported perioperative interventions and
postoperative delirium after non-cardiac surgeries, Moyce
et al. 3 showed that perioperative geriatric consultation
and lighter anesthesia were associated with the reduced
risk of POD.

The limitations of our study are that it was done in a
single center, patients were younger than 65 years of age,
and certain patients had some form of psychiatric
impairment, which could be the reason for relatively low
incidence of postoperative delirium.

Conclusion

The results of this study emphasize the importance of
proper preoperative evaluation, encouraging physicians to
spend more time interviewing patients and getting details
from their medical and social history, especially regarding
the alcohol consumption, since all the patients that
developed POD reported moderate alcohol consumption.
Furthermore, greater intraoperative bleeding and
postoperative pain scores did not influence the occurrence
of delirium, but rather resulted in lower postoperative
MMSE scores, which highlights the importance of adequate
intraoperative treatment of patients during surgery and
anesthesia in order to reduce the risk of developing
postoperative delirium.
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Abstract

Background/Aim. The treatment of chronic myeloid
leukemia (CML) has changed dramatically with the advent
of targeted therapies. This study aimed to assess the effi-
cacy of generic imatinib in CML patients treated in our
center. Methods. The study was retrospective. It included
101 patients diagnosed with CML — chronic phase (CP).
The patients were divided into two groups. Group 1 in-
cluded 55 patients initially treated with branded imatinib
and then switched to generic imatinib. Group 2 consisted
of 46 newly diagnosed patients who received only generic
imatinib from the beginning of therapy. Results. The pa-
tients were treated with branded imatinib for the mean of
42 months (range 6—132 months) before switching to ge-
neric imatinib. Treatment with generic imatinib lasted for
25 months on average (range 3—66 months). A quarter of
the patients from the group 1 lost their cytogenetic re-
sponse after being switched to generic imatinib, but with-
out signs of transformation to acute leukemia. The pa-
tients treated with branded imatinib had a significantly
longer event-free survival (EFS) and failure-free survival
(FES) (log-rank p = 0.01 and p = 0.03, respectively). These
results could have been influenced by frequent changes of
the brand and dosage formulation of generic imatinib.
Conclusions. Our study showed a significantly longer
EFS and FES in the patients who were initially treated
with branded imatinib, compared to those treated with ge-
neric imatinib only. These results provide useful infor-
mation, but have to be interpreted within the context of
the crossover study.

Key words:
leukemia, myeloid, chronic-phase; imatinib mesylate;
drugs, generic; survival.

Apstrakt

Uvod/Cilj. Ciljna terapija je znacajno izmenila uspeh lecenja
bolesnika sa hroni¢cnom mijeloidnom leukemijom (CML). Cilj
rada je bio da se proceni efikasnost lec¢enja obolelih od CML
generickim imatinibom u nasem centru. Metode. IstraZivanje
je bilo retrospektivno. Obuhvatilo je 101 obolelog od CML u
hroni¢nj fazi. Bolesnici su bili podeljeni u dve grupe. Prvu
grupu je cinilo 55 bolesnika koji su inicijalno leceni originalnim
imatinibom i koji su kasnije tokom le¢enja prevedeni na terapiju
gnerickim  imatinibom. Drugu grupu ¢inlo  je 46
novodijagnostikovanih bolesnika koji su od pocetka leceni
generickim imatinibom. Rezultati. Bolesnici su originalnim
imatinibom bili leceni u proseku 42 meseca (od 6 do 132
meseca) nakon ¢ega su prevedeni na genericki imatinib. Lecenje
generickim imatinibom je u proseku trajalo 25 meseci (od 3 do
66 meseci). Cetvrtina bolesnika prve grupe izgubila je
citogenetski odgovor nakon prevodenja na genericki imatinib.
Nije bilo znakova za transformaciju u akutnu leukemiju.
Bolesnici leceni originalnim imatinibom imali su statisticki
znacajno duze prezivljavanje bez dogadaja koje podrazumeva
smrtni ishod (event-free survival — EFS) 1 prezivljavanje bez
neuspeha terapije (failure-free survival — FES) (log-rank
p»=0,011p=0,03, redom). Na ovakve rezultate mogla je da
uti¢e ucestala promena dozne formulacije 1 proizvodaca
generickog imatiniba. Zaklju€ak. Nase istrazivanje ukazalo je
na znacajno duze EFS i FES kod bolesnika koji su lecenje
zapoceli originalnim imatinibom u odnosu na bolesnike koji su
sve vreme leceni generickim imatinibom. Navedeni rezultati
pruzaju korisnu informaciju, ali se moraju tumaciti u kontekstu
studije po tipu unakrsnog izajna.

Kljucne reci:
leukemija, mijeloidna, hroni¢na; imatinib mesilat;
lekovi, genericki; preZivljavanje.
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Introduction

The treatment of chronic myeloid leukemia (CML) has
changed dramatically with the advent of targeted therapies *.
Imatinib mesylate is a highly selective inhibitor of tyrosine
kinase used in the treatment of CML. It has shown long-term
efficacy and safety in published randomized clinical trials 2.
Results from the landmark International Randomized Study
of Interferon and STI571 (IRIS) comparing interferon alpha
(IFNa) plus low-dose cytarabine (LDAC) with imatinib for
the clinical management of CML patients led to the adoption
of the first targeted therapy (ie. imatinib) as standard first-
line treatment 3. Overall survival at eight years was 85%; for
only CML-related deaths and those before stem cell
transplantation, the survival was 93% *. The IRIS trial also
showed that imatinib provided significant advantages
regarding health-related quality of life (HRQOL) over IFNa
+LDAC 4.

On the other hand, the high cost of tyrosine kinase
inhibitors (TKI) developed for CML is a significant concern
for health care payers in countries with restricted resources.
It is true that generics lead to considerable cost savings, but
also give rise to questions associated with their efficacy,
safety, and quality 5.

In Serbia, as in most countries, for the registration of
generics, official regulations only require evidence of
pharmaceutical and biological equivalence, but no evidence
of efficacy and safety. Generic imatinib was approved by the
Medicines and Medical Devices Agency of Serbia in January
2012. In July 2012, The National Health Insurance Fund of
Serbia introduced this drug in the positive list.

This study aimed to assess the efficacy of generic
imatinib in CML patients treated in our center.

Methods

Since the introduction of TKI in Serbia, all CML
patients on TKI from the region of VVojvodina, Serbia, have
been treated at the Clinic of Hematology, Clinical Center of
Vojvodina, Novi Sad, Serbia. During August and September
2012, all CML patients treated at the Clinic of Hematology,
Clinical Center of Vojvodina, Novi Sad, Serbia, were
switched from branded imatinib to generic imatinib. All
newly diagnosed CML patients’ treatment started with
generic imatinib.

Subjects

This retrospective study was performed at the Clinic of
Hematology, Clinical Center of Vojvodina, Novi Sad. It
included 101 patients diagnosed with CML — chronic phase
(CP). All patients included in the study received treatment
with TKI, and they represented all CML patients on TKI in
the region of Vojvodina, Serbia, in the period from June
2006 to August 2017. The patients were divided into two
groups. The group 1 included 55 patients initially treated
with branded imatinib and then switched to generic imatinib.
The group 2 consisted of 46 newly diagnosed patients who

Urosevi¢ 1, et al. Vojnosanit Pregl 2021; 78(5): 526-531.

received only generic imatinib from the start of therapy. Four
commercial generics of imatinib have been available in
Serbia since 2012. The dose formulation and type of generic
drug were changed frequently, depending on the availability,
without the influence of the treating physician.

CML patients that were not treated with TKI were not
included in the study.

Methods

All data [patient’s age and sex, whole blood count,
cytogenetic results, results of polymerase chain reaction
(PCR) for bcr/abl testing, date of the diagnosis, date of TKI
treatment initiation, duration of treatment with branded
imatinib, duration of treatment with generic imatinib, date of
the loss of response to treatment, event-free survival (EFS —
intolerance and death) and failure-free survival (FFS -
failure to treatment) were collected from the medical
documentation]. Hematologic and cytogenetic responses
were monitored according to the recommendations of the
European Leukemia Network (ELN) . Molecular monitoring
was performed by GeneXpert® from 2013.

Statistical analysis

Descriptive  statistical —analysis was performed
determining patients’ demographic characteristics, scores for
calculating the relative risk concerning CML patients (Sokal,
Hasford and EUTOS score — European Treatment and
Outcome Study), mean values for treatment duration with
generic and branded imatinib, rate of hematological,
cytogenetic and molecular response, and rate of treatment
failure in patients treated with generic imatinib. The efficacy
of TKI treatment was compared in the two groups using a
log-rank test by StatSoft, Inc. STATISTICA, version 10.0.
Statistical significance was set at p < 0.05.

Results

Patients’ characteristics

Medical records for a total of 101 CML-CP patients
treated with imatinib were reviewed. The group 1 consisted
of 55 patients (30 male and 25 female). Characteristics of the
patients in the group 1 are summed up in Table 1. Upon
diagnosis, most patients in the group 1 were stratified as high
risk according to Sokal score (low 23.1%, intermediate
30.7%, high 46.2%) and low risk according to EUTOS score
(low 61.5%, high 38.5%). The patients were treated with
branded imatinib for the mean of 42 months (range 6-132
months) before switching to generic imatinib. Treatment
with generic imatinib lasted for 25 months on average (range
3-66 months) until the end of the follow-up period. A
quarter of the patients from the group 1 lost their cytogenetic
response after being switched to generic imatinib but without
signs of transformation to acute leukemia. Distribution of
patients who lost cytogenetic response according to Sokal
and EUTOS scores is shown in Table 2.
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Table 1

Characteristics of patients treated with
branded imatinib

Parameters Mean Min Max
Age (years) 285 21 77
WBC (10°/L) 107 12 411

Hemoglobin (g/L) 112 64 139

Platelets (10%/L) 4295 131 3795
Blasts (%) 25 1 8
Promyelocytes (%) 4 2 9
Eosinophls (%) 3 1 6
Basophils (%) 2 1 8

WBC - white blood cells.

Table 2

Distribution of patients who lost their complete
cytogentc response (CCgR) after being switched to
generic imatinib according to Sokal and Eutos scores

Group Patients (%)

Sokal score Eutos score
Low 23.1 53.8
Intermediate 23.1
High 53.8 46.2

The group 2 consisted of 46 patients (26 male and 20
female) with newly diagnosed CML, treated only with
generic imatinib. Characteristics of the patients in the group
2 are summed up in Table 3. Unlike the group 1, most of the
patients were classified as low and intermediate risk
according to Sokal score (low 41.3%, intermediate 43.5%,
high 15.2%). As in the group 1, patients in the group 2 were
also mostly low risk according to EUTOS (low 71.7%, high
28.3%).

Table 3

Characteristics of newly diagnosed
patients treated with generic
imatinib (n = 46)

Parameters Mean Min Max
Age (years) 56.5 20 83
WBC (10°/L) 1277 16.2 367.8

Hemoglobin (g/L) 118 75 157
Platelets (10%/L) 4445 123 1280
Blasts (%) 4 1 7
Promyelocyte (%) 5
Eosinophyls (%) 2.5
Basophils (%) 3

WBC - white blood cells.

2 8
1 4
1 4

Ninety percent of patients treated only with generic
imatinib achieved complete hematologic response (CHR)
after a mean of 3 months. As shown in Figure 1, half of the
patients (50%) in the group 2 had a complete cytogenetic
response (CCgR) at six months after the beginning of
treatment. At twelve months, 66.6% of patients were in
CCgR. A molecular response with less than 1% of bcr/abl
transcript was achieved by 28.6% of patients in the group 2
after six months (Figure 2). By 12 months, 28.6% of patients
achieved a major molecular response (MMR) defined as less
than 0.1% bcr/abl transcript (Figure 3). The patients who had
treatment failure after 12 months of treatment with generic

imatinib (28.6% of patients) were switched to the second
generation of TKI (nilotinib).

mb6m m12m
66,70%
50%
. . 33,30%
25% 25% I
CCgR PCgR minorCgR

Fig. 1 — Cytogenetic response of patients
treated with generic imatinib.
CCgR - complete cytogentic response;
PCgR - partial cytogenetic response.

m6m
57,10%
28,60%
v i 14,30%
<1% 1-10% >10%

Fig. 2 — Molecular response at 6 months for patients
treated with generic imatinib.

42.8%

28,6%

MMR 0,1-1% 1%
Fig. 3 — Molecular response at 12 months for patients
treated with generic imatinib.

Comparisson of event-free survival (EFS) and failure-
free survival (FFS)

Five-year EFS and FFS were significantly different
between the two groups of patients (87% vs. 59%, and 87%
vs. 62%, respectively), meaning that the patients started on a
therapy with branded imatinib had a significantly better EFS

Urosevi¢ 1, et al. Vojnosanit Pregl 2021; 78(5): 526—531.
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(p=0.01) and FFS (p =0.03) compared with the patients
treated with the generic drug (Figures 4a and 4b). It is
important to note, as pointed out above, that it was a
crossover study design.

Our results showed that 25% of patients initially treated
with branded imatinib lost their cytogenetic response when
switched to generic imatinib. Around half of the patients
were classified as high risk according to Sokal and EUTOS

Event free survival (EFS)
log rank p=0,01

1.0

* 5,
=t — - =t~ — - b - - e - -
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0.2

0.1

0.0

0 12 24 3 48 60 72 84 95 108 120 132 144 15 _ caneric imatinb

Time --- Branded Imatinib (a)

Failure free survival (FFS)
log rank p=0,03

0.8 &t
0.8
0.7
0.6
0.5
0.4

0.3
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0.2

0.1

Gt - HE R - HH

0.0
0 12 24 36 48 60 72 84

Time

9 108 120 132 144 156

— Generic Imatinib
--- Branded Imatinib (b)

Fig. 4 — Kaplan Meier curve of event-free (a) and failure-free
(b) survival.

Discussion

In published randomized clinical trials, imatinib has shown
long-term efficacy and safety improving the 10-year survival
rate from 20% to 85% *. However, the high cost of treatment led
to the approval of generic formulations of imatinib.

Generally, generics are approved after a bioequivalent trial
without long-term safety and efficacy data 5. There has been
confusion and uncertainty concerning the safe administration of
patented drugs, quality-controlled generics, and copies of
patented drugs and medicines of substandard quality °.

Urosevi¢ 1, et al. Vojnosanit Pregl 2021; 78(5): 526-531.

scores (53.8% and 46.2%, respectively). In concordance with
our study, four case reports showed that switching to a
generic imatinib product was associated with a loss of CHR
achieved while on branded imatinib &-°,

In our study, 90% of patients treated initially with
generic imatinib achieved CHR at three months. In
international studies involving generic imatinib, rates of
CHR were 96%-100% from 3 to 28 months 12, On the
other hand, a larger prospective study conducted by Alwan et
al. ¥ has shown that 33% of patients lost a hematologic
response in 6 months.
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Patients treated with generic imatinib reported by
Eddou et al. * achieved 77% of major cytogenetic response
(MCgR). In our group of patients, 50% achieved CCgR at six
months, and 66.6% achieved CCgR at 12 months, which is
slightly less than Eddou et al * reported.

Rates of MMR from 8-47% in 6 to 18 months have
been reported in patients treated with generic imatinib - 12
4 The other two observational studies have shown
interesting results. One of them is a study conducted by
colleagues from Turkey involving 145 patients with CML %,
There were two groups: one included patients receiving
branded imatinib (Glivec®), and the other comprised patients
who initially received Glivec® and then switched to the
generic drug. MMR rate was quite similar between these two
groups 5. The other study from India included 213 patients
with CML: 64% of patients were on Gippar Glivec®, while
36% were on generic imatinib ¥, It may be noted that
cytogenetic and molecular responses were better in the group
of patients treated with generic imatinib. These results could
be explained by the fact that molecular responses were not
documented in 42% of patients in the Glivec® group because
of economic reasons *®.

In the ENESTnd study of 283 patients receiving
branded imatinib, 22% reached MMR after 12 months of
therapy and 53% after 36 months ' 8 In our study,
molecular response with the level of bcr/abl transcript less
than 1% at six months in patients treated only with generic
imatinib was 28.6%. The same percentage of these patients
achieved MMR at 12 months.

Five-year EFS and FFS were significantly better in
patients treated with branded imatinib as shown in Figures
4a and 4b (log-rank p= 0.01 and p =0.03, respectively).
These results could have been influenced by frequent
changes in the brand and dosage formulation of generic
imatinib.

There are reliable data on CML patients in Europe
using generic imatinib forms. Results from Bosnia and
Herzegovina show that generic imatinib as first-line
treatment was less efficient when compared to branded
imatinib, but it did not influence the outcome of treatment
when used as second-line treatment °. Another study
involving 24 patients from Croatia shows adequate efficacy
of generic imatinib alongside a decreased cost of
treatment %°.

However, our results cannot be compared to the
results achieved in patients taking the original imatinib due
to the crossover study design, but they provide an
informative view of patients initially treated with branded
imatinib compared to those initially treated with the generic
drug.

Conclusion

Our study showed a significantly longer EFS and FFS in the
patients who were initially treated with branded imatinib,
compared to those treated with generic imatinib only. These
results provide useful information, but have to be interpreted
within the context of the crossover study.
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Abstract

Background/Aim. Cyclamen hederifolium (C. hederifolinm) Ait.
belongs to the family Primulaceae, which includes 23 spe-
cies of cyclamen, naturally distributed in the Central and
Southern Europe, Western Asia and some parts of North
Africa. This plant is considered highly poisonous and not
suitable for human use. However, tuber extracts have been
used in traditional medicine and homeopathy. The aim of
this study was to investigate C. bederifolinm growing naturally
in Serbia for its metal content and biological activities (anti-
oxidant, antibacterial, antifungal and cytotoxic activi-
ty). Methods. Content of metals was determined by atomic
absorption spectrophotometric method. We used several
different assays for assessment of antioxidant activity of
both aqueous and ethanol extracts of C. bederifolinm: 2.2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay,
2,20-azino-bis  (3-ethylbenzothiazoline-6-sulfonic  acid)
(ABTS) radical scavenging assay, ferric-reducing antioxidant
power (FRAP) assay, total reducing power assay (TRP) and
cupric reducing antioxidant capacity (CUPRAC) assay. The
disk diffusion assay was used to investigate sensitivity of la-

Apstrakt

Uvod/Cilj. Cyclamen hederifolinm (C. hederifolinm) Ait. pripada
familiji Primulaceae koja obuhvata 23 vrste ciklame, prirod-
no rasprostranjene u Centralnoj i Juznoj Evropi, Zapadnoj
Aziji i nekim delovima Severne Afrike. Ta biljka se smatra
otrovnom i nije pogodna za ljudsku upotrebu. Medutim,
ekstrakti lukovica se koriste u tradicionalnoj medicini i ho-
meopatiji. Cilj istrazivanja je bio ispitivanje sadrzaja metala,
fenola, flavonoida i bioloskih aktivnosti (antioksidativna, an-
tibakterijska, antifungalna i citotoksi¢na) C. hederifolium koji
prirodno raste u Srbiji. Metode. Sadrzaj metala odreden je

boratory bacterial and fungal control strains against investi-
gated extracts. Aqueous and ethanol extracts of C. hederifoli-
um were examined on 4 different tumoral cell lines by iz vitro
MTT bioassay. Results. The presence of Mn, Ca, Mg, Fe,
Zn, K, Cu was confirmed in aqueous and ethanol extract, as
well as in whole tubers and soil, while Ct, Ni, Pb and Cd
were not detected. Both aqueous and ethanol extract of C.
bederifolium tubers showed antioxidant activity, that positively
correlated to content of phenols and flavonoids in it. Aque-
ous extract was slightly superior in these terms than ethanol
one. None of the tested extracts showed antimicrobial activ-
ity. Both investigated extracts showed cytotoxicity against
four cancer cell lines 4T1, HCT116, CT26, LLC1, in the
concentration range 15,625-2,000 pg/mL. Ethanol extract
showed  stronger cytotoxicity —than aqueous ex-
tract. Conclusion. Seven metals were identified in the C.
hederifolinm tubers, extracts and soil. Both extracts exhibited
antioxidant and cytotoxic activity.

Key words:
antioxidants; cyclamen; flower essences; metals;
phytotherapy; spectrophotometry, atomic.

metodom atomske apsorpcione spektofotometrije. Za pro-
cenu antioksidativne aktivnosti i vodenog i etanolnog
ekstrakta C. hederifolium koriséeno je vise razlicitih testova:
2.2-diphenyl-1-picrylhydrazy! (DPPH) radical scavenging assay,
2,20-azino-bis  (3-ethylbenzothiazoline-G-sulfonic ~acid) (ABTS)
radical scavenging assay, ferric-reducing antioxidant power (FRAP)
assay, total reducing power (TRP) assay i cupric reducing antioxidant
capacity (CUPRAC) assay. Test disk difuzije je koriséen za
ispitivanje osetljivosti laboratorijskih bakterijskih i gljivicnih
sojeva na ispitivane ekstrakte. Vodeni i etanolni ekstrakti C.
bederifolium ispitivani su na 4 razlicite tumorske celijske linije
pomocu in vitro MTT testa. Rezultati. Prisustvo Mn, Ca,
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Mg, Fe, Zn, K, Cu je potvtdeno u vodenom i etanolnom
ekstraktu, kao i u lukovicama i zemljistu, dok Cr, Ni, Pb i Cd
nisu detektovani. I vodeni i etanolni ekstrakt lukovica C.
bederifolium pokazali su antioksidativnu aktivnost, koja je bila u
porzitivnoj korelaciji sa sadrzajem fenola i flavonoida u njemu,
pri cemu je vodeni ekstrakt bio supetiorniji od etanolnog
ckstrakta. Niti jedan od testiranih ekstrakata nije imao anti-
mikrobnu aktivnost. Oba ekstrakta su ispoljila citotoksi¢nost
protiv Cetiri tumorske Celijske linije 4T1, HCT116, CT26,

LLC1 u koncentracionom opsegu 15 625-2 000 pg/mlL.
Etanolni ekstrakt je pokazao snazniju citotoksi¢nost od
vodenog ekstrakta. Zaklju¢ak. U zemlji, lukovicama i
ekstraktima C. Hederofolium detektovano je sedam metala. Oba
ekstrakta su pokazala antioksidativno i citotoksi¢no dejstvo.

Kljucne reci:
antioksidansi; ciklama; ekstrakti, biljni; metali;
fitoterapija; spektrofotometrija, atomska apsorpciona.

Introduction

The number of newly diagnosed cancer cases as well as
the percentage of deaths caused by cancer has been increas-
ing in the world. As a result, many researchers focused atten-
tion on traditional herbal treatments, since it is an area from
which a possible new antitumoral compound could arise. In-
vestigators often search in local folk medicinal plant treat-
ments of different regions, aiming to spot the possible anti-
cancer activity of plants, since the current conventional
(chemical) anticancer treatment has been accompanied by
strong side effects® 2. The studies on herbal material may re-
veal more than the desideratum. Various biological effects,
such as antimicrobial, cytotoxic or antioxidant activity, have
been often detected along the main investigation aim. This
process that usually starts from in vitro or/and in vivo studies
on herbal extracts, latter may or may not be rewarded by
formulation of an efficient antitumor medicinal product.
Nevertheless, it is a long, tedious, but often scientifically
fruitful process. Therefore, we think that performing labora-
tory investigations as well as in vitro studies on plant materi-
al, especially on the species that are scarcely documented, is
a first and prerequisite step on this path, regardless of current
limitations in obtaining the final anticancer product 2.

Cyclamen hederifolium (C. hederifolium) Ait. belongs
to the family Primulaceae, which includes 23 species of cyc-
lamen, naturally distributed in the Central and Southern Eu-
rope, Western Asia and some parts of North Africa. It is per-
ennial, flowering plant, inhabiting partially shady woodlands
and mountain meadows. There are several cultivated varie-
ties and they differ in shape and color of flowers 3 4. Plant tu-
bers of C. hederifolium are rich in toxic compounds which
cause nausea, vomiting, diarrhea, abdominal pain, bloody
stool, hemolysis, convulsions, skin irritation and blistering,
and may even cause death due to the asphyxiation 3. Though,
the plant is considered highly poisonous and not suitable for
human use, tubers have been used in homeopathy as well as
in traditional medicine of different regions. C. hederifolium
has been sporadically used in folk medicine in some parts of
Serbia in the treatment of rheumatism, menstrual problems,
migraine, and skin conditions, as a purgative and antitumor
agent. Italian traditional medicine employs fresh tubers in the
treatment of hemorrhoids and frostbites >,

Several different biological activities have been noted
for Cyclamen spp., due to the presence of secondary metabo-
lites produced by plant as key elements of its defense mech-
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anism. There are also some reports on bioactivity of isolated
compounds from the tubers of Cyclamen spp. & °.

However, biological activity of C. hederifolium has not
been abundantly documented. Among available data for Cyc-
lamen spp. there are some results of in vitro studies on C.
hederifolium that suggest cytotoxic, antioxidant, antiinflam-
matory and antimicrobial activity® 7114 The molecular
structure of compounds responsible for these effects have not
been elucidated, but authors attributed some of biological ac-
tivities of C. hederifoliumto its content of phenols and
triterpenic  saponosides® %%, There are saponins in C.
hederifolium that have been identified as cyclamin, degluco-
cyclamin, cyclaminorin, hederifoliosides A-E and ardis-
icrenoside D. After isolation they were investigated for in-
ducing apoptosis, cytotoxic and hemolytic effects by the
change of the cell membrane permeability and intracellular
signaling pathways & % 14-16,

Therefore, the aim of this study was to complement
available knowledge on C. hederifolium, by augmenting data
on species from natural habitats in Serbia. The starting point
was folk medicine of eastern parts of the country that utilizes
this plant as an antitumor agent. We evaluated the metal con-
tent and biological activities that have not been previously
reported for this species from natural habitats in Serbia — an-
tioxidant, antimicrobial and cytotoxic activity of C. hederifo-
lium tubers. Our intention was to clarify or justify the use of
this plant by traditional medicine, which offers no docu-
mented data for antitumor use.

Methods

Plant material

Tubers of C. hederifolium were collected in September
2018 on the slopes of the mountain Suva Planina, belonging
to the Eastern region of Serbia. The plant material was iden-
tified by standard botanical keys for plant determination
(Flora of Republic of Serbia and European Flora) at Depart-
ment of Biology at the Faculty of Science, University of Nis,
Serbia 1738, A voucher specimen no. 13556 was deposited in
the “Herbarium Moesiacum Ni$”, University of Ni$. Fresh C.
hederifolium tubers were cleaned from the soil, separated
from all other plant parts and dried in the shadow, at room
temperature. Fresh tubers were used for extract preparation
as well as for metal quantity analysis. Surrounding soil was
sampled by collecting it from 10-50 cm area near tubers,
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cleaned from stones and prepared for analysis in the shade at
room temperature (20-25 °C).

Extract preparation

The plant material was ground and mixed thoroughly
with solvents. Two extracts were prepared by maceration of
powdered plant material in two different solvents — distilled
water and 70% v/v ethanol. Each extract was allowed to
stand for five days at room temperature, in a closed glass
container, protected from the light, and subject to frequent
agitation. Excess solvent was evaporated at a rotary vacuum
evaporator at 40 °C. The dry obtained extracts were stored in
a desiccator until the experiment.

Chemicals and instruments

2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,20-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), iron (111)
hloride hexahydrate, Folin—Ciocalteu reagent, gallic acid
(3,4,5-trihydroxybenzoic acid), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), ascorbic ac-
id, methanol, nitric acid, perchloric acid and all reagents used
for cytotoxic assay were purchased from Sigma Chemicals
Co. St. Louis, Missouri, USA. The chemical substances: ne-
ocuproine (2,9- dimethyl-1,10-phenanthroline), copper (11)
chloride dihydrate, NaCO3, HCI, 2,4,2-tri(2-pyridyl)-s-
triazine (TPTZ), K3[Fe(CN)6], phosphate buffer (NaH2PO4-
Na2HPO4), ammonium acetate buffer, CCI3COOH,
K2S208, FeSO4x7H20, and DMSO (dimethyl sulphoxide)
were purchased from Merck, Darmstadt, Germany. All
chemicals were of analytical reagent grade. Absorbance
measurement were performed on a double beam UV-Vis
spectrophotometer Perkin Elmer lambda 15 (Massachusetts,
USA) and microplate Zenyth 3100 Multimode detector (An-
thos Labtec Instruments GmbH, Austria). Heavy metals were
analysed by atomic absorption spectrophotometer (Perkin
Elmer Company Model 3300/96 with MHS-10 hydride sys-
tem).

Metal content determination

Comparative analysis of metal content was conducted
in four different samples of C. hederifolium tubers — ethanol
and aqueous extracts, fresh tubers and soil sample. Content
of the following metals was determined by atomic absorption
spectrophotometric method: Mn, Ca, Mg, Fe, Zn, K, Cu, Cr,
Ni, Pb, Cd 19, 20. Determination of metal content in plant
material was performed dissolving 1 g of sample by mixture
of conc. HNOs and conc. H,O,. Mixture was heated. After
cooling, 12 mL of distilled water was added and the mixture
was filtrated. Determination of metal quantity in soil sample
was performed after 1 g of sample was dissolved by 20 mL
conc. HNOs. The mixture was heated to 110°C. After cool-
ing, 2 mL conc. HCIO, was added and the mixture was re-
heated to 130°C. The heating was stopped when solution was
evaporated to one third of the volume and clearing up of the
solution was reached. After cooling, 12 mL of distilled water

was added and the mixture was filtrated. Each measurement
was performed in triplicate and results were expressed as
mean (mg/kg) * standard deviation.

Total phenolic and flavonoid content

Total phenolic content (TPC) was expressed as pg of
gallic acid equivalents per mg of dry weight (ug GAE/mg
dry extract). It was determined by Folin-Ciocalteu reagent,
according to Singleton et al.?:. Method is based on oxida-
tion/reduction reaction. Briefly, 0.02 mL of the extract was
mixed with 0.5 mL of Folin-Ciocalteu reagent, 5.03 mL di-
luted water and 2 mL sodium carbonate (20% Na,COs). The
mixture was allowed to stand in the dark for 30 min and ab-
sorbance was measured at 750 nm. Gallic acid (0.5 mg/mL)
was used as standard. The experiments were carried as three
independent measurements and data were expressed as mean
+ standard deviation.

The total flavonoid content (TFC) was determined by
the colorimetric method based on formation of complex be-
tween flavonoid and aluminium chloride, described by Baba
and Malik?2, Briefly, 0.05 mL of extract was mixed with
0.15 mL of 5% NaNO,. After 5 min of incubation, 0.75 mL
of 2% AICI; was added, and the mixture was allowed to
stand for 5 min. Then, 1 mL of NaOH and 2.05 mL of dis-
tilled water were added. The mixture was allowed to stand
for 15 min. After expiration of incubation time, absorbance
was measured at 520 nm. Rutin was used as standard. The
total flavonoid content was calculated from a calibration
curve, and the result was expressed as pg of rutin equivalents
per mg dry weight (ug RE/mg dry extract). The experiments
were carried as three independent measurements and data
were expressed as mean + standard deviation.

Antioxidant activity assays

We used several different assays for assessment of anti-
oxidant activity of both aqueous and ethanol extracts of C.
hederifolium: DPPH radical scavenging assay, ABTS radical
scavenging assay, ferric-reducing antioxidant power (FRAP)
assay, total reducing power assay (TRP) and cupric reducing
antioxidant capacity (CUPRAC) assay.

DPPH radical scavenging capacity

The total antioxidant activity of the extracts was as-
sessed by using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal scavenging assay with slight modifications 23, 24. Meth-
od is based on the DPPH radical acceptation of H atom or
electron from antioxidant molecules. DPPH radical changes
the color from violet to yellow, when it is scavenged by re-
ducing agents from extract and transformed to stable hydra-
zine. Absorbance was measured with spectrophotometer.
Briefly, 1.5 mL of methanol solution of the DPPH radical
(concentration 90 umol/L), 0.002 mL of extract and 2.5 mL
of methanol were placed in a test tube. Test tubes were al-
lowed to stand at room temperature for 60 min in a dark
place. The absorbance was measured at 515 nm against a

Kojic¢i¢ K, et al. Vojnosanit Pregl 2021; 78(5): 532—-541.



Vol. 78, No 5

VOJINOSANITETSKI PREGLED

Page 535

blank (methanol). All tests were carried out in triplicate and
results were obtained from the calibration curve. Trolox in
concentration 0.025 mg/mL was used as standard. Results
are expressed as pg of Trolox equivalents per mg dry extract
weight (ug TE/mg dry extract) and by EC-50 value which
represents amount of extract necessary to scavenge the initial
DPPH concentration by 50%.

ABTS radical scavenging activity

ABTS radical “scavenging” activity was performed fol-
lowed the method of Dimitrijevic et al. %, with some modifi-
cations. The working solution was prepared by mixing two
stock solutions in equal quantities, 7 mM ABTS with 2.4
mM potassium persulfate. Blue/green ABTS radical was
produced by the reaction of those solutions. Mixture was al-
lowed to stand at room temperature in the dark for 12-16 h
before use. The solution was then diluted by mixing 14.8 mL
working solution with 240 mL of methanol. Absorbance was
measured at 734 nm.

0.002 mL of plant extracts were mixed with 1.8 mL of
diluted ABTS solution and then diluted with 2.198 mL of
methanol. Mixture was allowed to stand for 6 min at room
temperature. Antioxidants from extract cause discoloration
of solution, proportional to their amount. The absorbance
was measured at 734 nm. Trolox was used as standard and
results are expressed as pug of TE per mg dry extract weight
(Mg TE/mg dry extract). The experiments were carried as
three independent measurements and data were expressed as
mean * standard deviation.

Ferric-reducing antioxidant power (FRAP) assay

Antioxidant activity was also determined by the assay
based on reduction of Fe**~TPTZ (tripyridyltriazine) complex to
the intensive blue Fe?~TPTZ form at acidic pH 2.5. FRAP rea-
gent was prepared by mixing 200 mL of CH3;COONa x 3H,0,
20 mL of TPTZ and 20 mL of FeCls in ratio 10:1: 1. After
that, 0.01 mL of extract was mixed with 1 mL of prepared
FRAP reagent and 2.99 mL of distilled water. Mixture was al-
lowed to stand for 5 min at 37°C. Absorbance was measured at
595 nm. The experiments were carried as three independent
measurements and data were expressed as mean + standard de-
viation. Results are expressed as pig Fe/mg dry extract.

Total reducing power (TRP) assay

The reducing power of water and ethanol C. hederifolium
extracts was determined by the method of Oyaizu 2. 0.01 mL
of extract was mixed with 1 mL of 1% solution K3[Fe(CN)6],
1 mL phosphate buffer (pH 6.6) and 1.69 mL of distilled wa-
ter. The mixture was allowed to stand at 50 °C for 30 min. Af-
ter expiration of the incubation time, 1 mL of 10% solution of
CCI3COOH and 0.6 mL of FeCls were added. The absorbance
was measured at 700 nm. Ascorbic acid was used as standard.
The experiments were carried as three independent measure-
ments and data were expressed as mean + standard deviation.
Results were expressed as g ascorbic acid equivalents per mg
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of dry extract weight (ug AAE/mg dry extract). Higher ab-
sorbance indicates higher reducing power.

Cupric reducing antioxidant capacity (CUPRAC) assay

The CUPRAC assay was performed using the method
based on electron-transfer mechanism described by Ozyiirek et
al. 77, with some modifications. The method is based on the
reduction of a cupric neocuproine complex (Cu(ll)-Nc) by
antioxidants to the cuprous form (Cu(l)-Nc). The CUPRAC
method is applicable to a wide range of hydrophilic and
lipophilic antioxidant molecules, such as polyphenol acids,
flavonoids, carotenoids, anthocyanins, synthetic antioxidants
and vitamin C and E 23, 28. Briefly, 0.01 mL of extract was
mixed with 1 mL of neocuproine, 1 mL of phosphate buffer
(pH 7.0) and 1 mL of copper (l1) chloride. 1.09 mL of distilled
water was added to the mixture. The mixture was allowed to
stand for 30 min at room temperature. The absorbance was
measured at 700 nm and Trolox (410 pg/mL) was used as
standard. The experiments were carried as three independent
measurements and data were expressed as mean + standard
deviation. Results are expressed as g Trolox equivalents per
mg of dry weight (ug TE/mg dry extract).

Antimicrobial activity

Disk diffusion assay

Both extracts of C. hederifolium (agueous and ethanol)
were examined for in vitro antimicrobial activity. The disk dif-
fusion assay was used to investigate sensitivity of laboratory
bacterial and fungal control strains (American Type Culture
Collection — Maryland, USA) against investigated extracts 2%,
Initial concentration of extracts was 50 mg/mL. Bacterial strains
were: Gram-positive bacteria Bacillus subtilis ATCC 6633 and
Staphylococcus aureus ATCC 6538 and Gram-negative bacteria
Escherichia coli ATCC 8739 and Salmonella abony NCTC
6017. Candida albicans ATCC 10231 was used as test strain for
investigation of antifungal activity. Antibiotics streptomycin (10
ng/disk), chloramphenicol (30 pg/disk) and antimycotic nystatin
(100 U/disk) were used as control substances. The experiments
were carried as three independent measurements and data were
expressed as mean + standard deviation.

Evaluation of cytotoxicity

Cell culture

Both extracts (aqueous and ethanol) of C. hederifolium
were examined on 4 different cell cultures (3 mouse and 1 hu-
man cancer cell lines) by in vitro 3-(4, 5-dimethylthiazolyl-2)-2,
5-diphenyltetrazolium bromide (MTT) bioassay. Mouse lung
cancer cells (LLC1), breast cancer cells (4T1), colon cancer
cells (CT26) and human colon cancer cells (HCT116) were ob-
tained from the American Type Culture Collection (ATCC).
The cells were maintained in DMEM medium supplemented
with 10% fetal bovine serum, 100 U/mL penicillin and 100
pg/mL streptomycin (Sigma, Germany), at 37 °C in an atmos-
phere of 95% O2 and 5% CO2.
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MTT bioassay

The investigated extracts of C. hederifolium were tested
for in vitro cytotoxicity by standard colorimetric assay for
measuring the cell viability (MTT test) 3. Cancer cells were
plated by adding 100 uL of media into each of the 96-well plates
(Nunc A/S, Rockilde, Denmark). Plates were incubated at 37 °C
and 5% CO; overnight for adherence. After 24h, when the cells
were attached to the surface of the plate, the medium was taken
out and replaced with 100 pL of extracts, which had been serial-
ly diluted 2 fold in the medium to concentrations ranging 2,000
pg/mL, 1,000 pg/mL, 500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5
pg/mL, 31.25 pg/mL and 15.625 pg/mL. Both extract was tested
in triplicate, repeated in three independent series, and cisplatin
was used as positive control. Plates were incubated at 37°C in
5% CO, for 24 h, 48 h and 72 h. Cells were periodically viewed
under fluorescence microscope Olympus BX51. After incuba-
tion periods the supernatant was removed, 100 uL MTT solution
(5 mg/mL in PBS) in DMEM (Dulbecco's modified Eagle's me-
dium) (10 pL MTT and 90 pL, per well) was added to each
well. In this reaction, purple crystals of formazan were formed
due to the reduction of yellow MTT by mitochondrial dehydro-
genase of viable cells. After 4 h incubation under aforemen-
tioned conditions, the medium with MTT was removed. Then,
DMSO (150 pL) with glycine buffer (20 uL) was added to each
well in order to dissolve formazan crystals. The absorbance was
measured at 595 nm using microplate Zenyth 3100 Multimode
detector (Anthos Labtec Instruments GmbH, Austria). Results
are presented as percentage of dead cells.

Data analysis

The experiments were carried as three independent
measurements and data were expressed as mean * standard
deviation (SD). EC-50 values were calculated by using Mi-
crosoft Office Excel 2007.

Results

Metals found in all four investigated samples are pre-
sented in Table 1 (ethanol and aqueous C. hederifolium ex-
tracts, fresh plant tuber and soil). Cr, Ni, Pb and Cd were not
detected in all samples, due to the concentrations that were
below the detection limit.

Total phenolic content (TPC) and total flavonoid con-
tent (TFC)

Amount of phenols and flavonoids found in aqueous and
ethanol extracts of C. hederifolium is presented in Table 2.

Antioxidant activity

The results of antioxidant activity of aqueous and etha-
nol C. hederifolium extracts, estimated by five different
methods are shown in Table 3.

The comparison of the radical scavenging activity of
investigated extracts measured by DPPH and ABTS assays
expressed by EC-50 is presented in Figure 1.

Table 1
Metal content found in different Cyclamen hederifolium samples
Metal  Aqueous extract (mg/kg) Ethanol extract (mg/kg)  Fresh tuber (mg/kg) Soil (mg/kg)
Mn 157.32 £ 1.60 17.62 +0.41 47.42 £0.52 1141.56 + 38.61
Ca 4018.8 +11.09 2263.86 + 38.43 9053.4 + 38.98 16748.98 + 92.24
Mg 12052.36 + 44.5 6770.78 £ 39.42 7256.06 + 43.57 3162.62 + 35.46
Fe 1250.2 £ 22.64 462.3 +11.85 375.06 +6.82 6448.66 = 37.57
Zn 62.02 £ 1.07 23.96 £0.37 10.72 £0.40 37.44 £ 0.65
K 6826.04 £ 30.57 52248 £27.71 7070.12 £ 27.81 3265.34 + 38.55
Cu 5.454 + 0.06 5.542 +0.04 9.502 £ 0.05 9.904 + 0.06
Table 2
Total content of phenols and flavonoids in
Cyclamen hederifolium extracts
Extract TPC (ug GAE/mg dw) TFC (ug RE/ mg dw)
Agueous 31.76 £2.92 28.17 £10.06
Ethanol 26.03 £1.32 23.2+7.37
TPC - total phenolic content; TFC — total flavonoid content;
GAE - gallic acid equivalents; RU — rutin equivalents.
Table 3
Antioxidant activity of Cyclamen hederifolium extracts (mean + standard deviation)
Extract DPPH FRAP ABTS TRP CUPRAC
Mg TE/mgdw pgFe/mgdw pg TE/mgdw  pg AAE/ mgdw  pg TE/ mg dw
Aqueous 8.153+1.881 15.62+0576 6.21+0.562 0.067 £0.008  5.893 +1.853
Ethanol 8.293+1.167 1257+1.822 6.97+0.534 0.05 + 0.00 1.358 + 1.160

DPPH - 2,2-diphenyl-1-picrylhydrazyl assay; FRAP — ferric-reducing antioxidant power
assay; ABTS - 2,20-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) assay; TRP — total
reducing power assay; CUPRAC — cupric reducing antioxidant capacity assay; TE — trolox
equivalents; AAE — ascorbic acid equivalents.
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Fig. 1 — Free radical-scavenging of Cyclamen hederifolium

extracts — DPPH vs. ABTS assay.

DPPH - 2,2-diphenyl-1-picrylhydrazyl assay; ABTS - 2,20-
azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) assay.
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Fig. 2 — Mortality rate of 4T1 cell line exposed to
aqueous and ethanolic extracts of Cyclamen hederifolium

tuber during 24 h (A), 48 h (B) and 72 h (C).

Cytotoxic activity

Results of the MTT assay show that both C. hederi-
folium extracts exhibit significant reduction of cell viabil-
ity in all investigated carcinoma cells (Figures 2-5). Con-
trol was cisplatin.
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Fig. 4 — Mortality rate of HCT116 cell line exposed
to aqueous and ethanolic extracts of Cyclamen
hederifolium tuber during 24 h (A), 48 h (B) and 72 h (C).

Discussion

The tubers of C. hederifolium have been sporadically
used in Serbian folk medicine in the treatment of different
tumors. The absence of scientific evidence that supports use
of C. hederifolium in this indication was a driving force to
perform this study. Taking into account that most plants have
been processed in folk medicine by water or alcohol (macer-
ation, decoction, tinctures, etc.) and that have been no data
regarding the bioactivity of C. hederifolium growing natural-
ly in Eastern parts of Serbia, we investigated aqueous and
70% ethanol extracts for antioxidant, antibacterial, antifungal
and cytotoxic properties, in order to evaluate the traditional
application of this plant as anticancer agent.

Fig. 5 — Mortality rate of LLC1 cell line exposed to
aqueous and ethanolic extracts of Cyclamen hederifolium
tuber during 24 h (A), 48 h (B) and 72 h (C).

Many plants have various uses due to their specific con-
tent of elements and secondary metabolites. Plants absorb
water and minerals from soil where they are grown and store
(accumulate) them in different parts. Many of micro and
macro elements have an important role in human health,
making monitoring of metal content plant material essen-
tial 3233, The composition of minerals found in the plant ma-
terial depends on species, parts of the plant, tendencies to
take over and accumulate metals from soil, type of the grow-
ing environment (urban, industrial, rural, wilderness, etc.)
and chemical composition of the soil 3% 34,

We followed metal content in four investigated samples
in order to determine total quantity of metals present in C.
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hederifolium fresh tubers and aqueous and ethanol extracts.
Soil sample was monitored in order to determine if the plant
is the accumulator of a specific mineral. The presence of Mn,
Ca, Mg, Fe, Zn, K, Cu was confirmed in all four samples. Cr,
Ni, Pb and Cd were not detected. Their below the limit con-
centrations are most likely related to unpolluted rural area
where the tubers were collected from. Following metals were
found in aqueous extract in the concentrations of the de-
scending order: Mg > K > Ca > Fe > Mn > Zn > Cu, while
ethanol extract contained: Mg > K > Ca > Fe > Zn > Mn >
Cu. Aqueous extract had higher content of all observed met-
als than ethanol extract, except content of Cu which was sim-
ilar in both extracts. Results of metal content analysis in rela-
tion to tuber, showed that aqueous extract had higher amount
of Mn, Mg, Fe and Zn, while ethanol extract had more Fe
and Zn. These findings indicate the difference in transfer of
metals during extraction procedure. In this case, water has
proven to be extraction solvent with higher potential for met-
al transfer than ethanol. Compared to soil, aqueous extract
contained more Mg, Zn and K, while ethanol extract con-
tained more Mg and K. The results demonstrated that the tu-
ber samples contained higher quantity of Mg and K, in com-
parison to soil samples, which suggest potential phytoaccu-
mulation of these metals 2.

The aqueous and ethanol extracts of C. hederifolium tu-
bers were screened for composition of phenols and flavonoids,
since these compounds have been mainly responsible for antiox-
idant activity of plants®. Aqueous extract contained slightly
higher concentration of both phenols and flavonoids than etha-
nol extract. Several standard methods which were used to esti-
mate antioxidant activity of investigated extracts (DPPH, FRAP,
ABTS, CUPRAC and TRP assay) revealed that the aqueous ex-
tract of C. hederifolium exhibited stronger antioxidant activity
than ethanol extract (FRAP and CUPRAC method). Therefore,
we observe a positive correlation between TPC and TFC and an-
tioxidant activity. Antioxidant activity of aqueous and ethanol
extracts determined by DPPH, TRP and ABTS methods, how-
ever, did not confirm this difference. This absence of major dif-
ferences between extracts in regards to the antioxidant activity
as well as total phenol and flavonoid content could be attributed
to predictable and small difference in polarity of solvents, which
evidently exerted similar extraction potential.

There is generally a lack of the data in the literature on
antioxidative activity of C. hederifolium. The only available
information as regards antioxidative activity of C. hederifoli-
um originated from Turkey — antioxidative activity of ethanol
extracts of tubers was dose-dependent (by DPPH, ABTS and
NO assays) M. We accentuate the results obtained in this
study of C. hederifolium as the first information of phenol
and flavonoid content and antioxidant activity of the plant
material autochthon to this region.

Different Cyclamen species exhibited antimicrobial
properties in varying degrees, such as C. hederifolium growing
in Syria 3t % 3% However, we may not compare our results to it,
since extracts used in that research were made by different
solvents that have no application in traditional medicine
(methanol, petroleum ether, ethyl acetate and chloroform). The
methanol extract showed better antimicrobial activities than
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the other extracts®*°. This could be due to the differences in
solvents polarity and their stronger ability to extract secondary
metabolites responsible for antimicrobial activity. Aqueous
and ethanol extracts of C. hederifolium tubers in our study
showed absence of antimicrobial activity. We did not expected
these findings, because some of secondary metabolites of C.
hederifolium (e.g. saponins) in tubers may interfere with ster-
ols in bacterial membrane and chaenge its integrity® 151,
Since varying degrees of antimicrobial activity were detected
for different types of Cyclamen, we consider that the limitation
of this study was of number of strains that were tested as well
as the selection of solvents used for extraction.

Some of previous studies documented that Cyclamen
species may induce cell death in different tumor cell lines,
although cytotoxic mechanisms have not been pro-
posed® 17 Moderate cytotoxicity of C. coum was noted
against cervical and lung cancer cells (HeLa and H1299, re-
spectively) ®*. Moderate cytotoxic activity was reported for
C. trochopteranthum against hepatocelular (HepG2) and col-
orectal adenocarcinoma (Caco-2) cell lines, while C. pseudi-
bericum exhibited activity against nonsmall cell lung carci-
noma cells (A549) 3% Although strong cytotoxic effect was
observed in investigation of C. libanoticum and C. persicum
against breast adenocarcinoma (SK-BR-3), colon adenocar-
cinoma (HT-29), hepatocelular (HepG2/3A), lung (NCI-
H1299), pancreatic (BXPC-3), and prostate (22RV1) carci-
noma cell lines, these effects could not be attributed to the
extracts of these plants, since the experiments were per-
formed with isolated and purified secondary metabolites
(saponins) 8. C. hederifolum was not tested on any of the cell
lines we used in our investigation.

The effect of aqueous and ethanol extracts of C. hederifo-
lium tubers on viability of several different cancer cell lines
(4T1, HCT116, CT26, LLC1) were examined by MTT assay.
Cell viability was tested after cell treatment with increasing
concentrations of extracts, at different time of incubation (after
24 h, 48 h and 72 h). The results obtained in this study showed
both aqueous and ethanol extracts of C. hederifolium exhibit
cytotoxic activity in all investigated cell lines. Ethanol extract
was superior in cytotoxic effect to agueous extract, in all cell
lines. Stronger cytotoxicity of both investigated extracts in
comparison to control was observed in all carcinoma cell lines,
in the first 24 h, with exception of LLC1 cell line. Concentra-
tions lower than 125 pg/mL of both investigated extracts in-
duced cell death up to 90%. However, higher concentrations of
125 pg/mL of both extracts showed an almost equal cytotoxic
effect as control in all investigated cell lines, after 48 h and
72 h of incubation (90%-100%). The dose dependent manner
of cytotoxcity was observed for different concentration in dif-
ferent cell line. Concentrations lower than 62.5 pg/mL for cell
lines CT26 and LLC1 and concentrations lower than 125
pg/mL for 4T1 and HCT116, exerted dose dependent action.
Higher concentration of extracts the for above mentioned cell
lines reached a plateau in effectiveness (Figures 2-5). Unusual
effect was observed for aqueous extract in concentrations up to
15.625 pg/mL, which produced no cytotoxic activity in some
cell lines at different times of incubation — HCT116 and 4T1
cell line (24 h and 72 h of incubation) and CT26 (at 48 h and
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72 h) and LLC1 (24 h). Based on these results, we might as-
sume that ethanol as a solvent was more suitable for extraction
of antitumor plant compounds than water.

To our knowledge, this is the first report for cytotoxic ac-
tivity of endemic species C. hederifolium from natural habitats
in Serbia. Although there were some previously reported data
on cytotoxicity of C. hederifolium, there are major differences
in methodology used in previous research and ours such as
type of cytotoxic assay as well as the origin and preparation of
the plant material (solvents used for the plant extraction and
harvesting time of the plant material) ® *2. Both previous stud-
ies were done on plant material from Turkey. One study uti-
lized plant material collected in autumn and evaluation of cy-
totoxicity by brine shrimp assay, while the other study investi-
gated isolated compounds from C. hederifolium and reported
no significant cytotoxicity. Therefore, we may not compare
our results with aforementioned literature data which found
low cytotoxic activity or absence of it in C. hederifolium from
Turkey® 2. Our results are however in accordance with other
studies that point out the significant antitumor effects of Cyc-
lamen spp. found on different cell lines8 34.38.39,

Since both investigated extracts showed cytotoxicity on
four cancer cell lines (4T1, HCT116, CT26, LLC1) we con-
sider this work as a starting point for further research, leading
to elucidation of cell death mechanisms on proposed cell lines.

Limitations

The study was performed on 4 different tumor cell
lines, but not on any control cell line. This is a potential limi-

tation because it omitted the possibility of testing selectivity
in cytotoxic activity of the examined extracts.

Conclusion

Seven metals have been identified in the C. hederifo-
lium tubers, extracts and soil: Mn, Ca, Mg, Fe, Zn, K, Cu.
Both aqueous and ethanol extract of C. hederifolium tubers
exhibited antioxidant activity, which was positively corre-
lated with content of phenols and flavonoids. Aqueous ex-
tract was slightly superior in these terms than ethanol ex-
tract. None of the tested extracts showed antimicrobial ac-
tivity. Investigated extracts showed significant cytotoxicity
in the concentration range 15.625-2,000 pg/mL. Ethanol
extract showed stronger cytotoxic potential than aqueous
extract. The reported data are the first data of this type for
the species of C. hederifolium, with natural habitats in Ser-
bia.
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Abstract

Background/Aim. The evaluation of blood levels of cardiac
troponin I (cTnl), D-dimer, B-type natriuretic peptide (BNP),
and C-reactive protein (CRP) on admission and during the
treatment of pulmonary embolism (PE) are the part of rou-
tine diagnostic process and estimation of mortality risk. The
aim of this study was to evaluate the predictive value of these
biomarkers on admission for all-cause 30-day mortality in
consecutive PE patients regarding whether they classified as
spontaneous, transiently provoked, or permanently provoked
PE. Methods. This retrospective analysis was gained from
the data of 590 PE patients from the Serbian University Mul-
ticenter Pulmonary Embolism Registry (SUPER). Patients
had at least one of these biomatkers (BNP, CRP, ¢Tnl, and
D-dimer) measured duting the first 24 hours upon admission.
Results. Receiver operating characteristic (ROC) curve anal-
yses demonstrated that BNP had the highest prognostic accu-

Apstrakt

Uvod/Cilj. Rutinski dijagnosticki proces i procena tizika od
smrtnosti tokom prijema i lecenja pluéne embolije (PE)
obuhvata i analizu nivoa kardijalnog troponina I (cTnl), D-
dimera, natriureticnog peptida B-tipa (BNP) i C-reaktivnog
proteina (CRP). Cilj ove studije bio je utvrdivanje pred-

racy for 30-day mortality in patients (n = 219) who had data
for all examined biomarkers. BNP provided an AUC of 0.785
(p < 0.001). Separately, BNP had the highest c-statistic for all
three groups of patients. CRP had a modest predictive value
for the 30-day all-cause mortality in the group with transient
provoked PE. Troponin I had a very modest predictive value
for the 30-day all-cause mortality only in patients with spon-
taneous PE, and D-dimer was a very weak predictor of this
end-point only in patients with persistent provoked PE.
Conclusion. Patients with spontaneous, transient provoked,
and persistent provoked PE have a significantly different pro-
file of blood biomarkers level with different prognostic signif-
icance for eatly all-cause mortality.

Key words:

pulmonary embolism; biological factors; mortality; risk
assessment; natriuretic peptides; troponin I; c-reactive
protein.

iktivne modi ovih biomarkera kako bi se odredio rizik od
30-to dnevne smrtnosti kod bolesnika obolelih od PE i to u
odnosu na razli¢ite uzroke bolesti koji mogu biti spontani ili
kratkotrajno i dugotrajno provocirani. Metode. Ova retro-
spektivna studija obuhvatila je 590 bolesnika obolelih od
PE, iz multicentri¢cnog Registra za pluénu emboliju. Tokom
prvih 24 ¢asa od prijema, bolesnicima je vrseno merenje bar
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jednog od analiziranih biomarkera (BNP, CRP, ¢Tnl i D-
dimer). Rezultati. Receiver operating characteristic (ROC) analiza
je pokazala da BNP ima najvisu prognosti¢ku vrednost u pro-
ceni 30-dnevne smrtnosti kod bolesnika (n = 219) kod kojih
su bile poznate vrednosti svih analiziranih biomarkera. BNP
je imao AUC od 0,785 (p < 0,001). Pojedina¢no posmatrano,
BNP je imao najvisu c-statistiku (concordance) za sve tri grupe
bolesnika. CRP je pokazao skromnu prediktivhu mo¢ za 30-
dnevnu smrtnost u grupi bolesnika kod kojih je PE bila
izazvana prolaznim faktorom. Troponin I je imao malu pred-
iktivou vrednost za 30-dnevnu smrtnost samo kod bolesnika

sa spontanom PE, dok je D-dimer bio veoma slab prediktor i
to kod bolesnika kod kojih je PE bila rezultat stalnih provoci-
rajucih faktora. Zaklju€ak. U odnosu na spontane, prolazne
ili stalne provocirajuée uzroke nastanka PE, biohemijski profil
ovih grupa bolesnika znacajno je razli¢it, kao i prognosticki
znacaj biomarkera u proceni rane smrtnosti.

Kljucne reci:

plu¢na embolija; bioloski faktori; mortalitet; rizik,
procena; natriuretski peptid; troponin I; c-reaktivni
protein.

Introduction

Pulmonary embolism (PE) is a huge global health
problem and life-threatening condition associated with
significant morbidity and all-cause mortality 5. PE is
considered to be provoked in the presence of permanent or
temporary risk factors or unprovoked in the absence thereof
67 Different states and diseases, sometimes quite clearly and
sometimes completely hidden, often underlie PE. Their
presence is often crucial for the management and prognosis
of patients with PE. The determination of some blood
biomarkers on admission and during the treatment of PE is a
part of the routine diagnostic process and estimation of
mortality risk ®1° The blood levels of different biomarkers
used in PE patients for different purposes, such as brain
natriuretic peptides (BNP), cardiac troponins (cTn), D-dimer,
and C-reactive protein (CRP), depend on different but
somehow connected pathophysiological mechanisms, and
many of the underlying PE diseases and states can have a
strong influence on their levels. Since that, we speculate that
patients with spontaneous PE, transient provoked PE, and
persistent provoked PE must have a significantly different
profile of blood biomarkers level with different prognostic
significance regarding the main grouping causes of PE.

The aim of this study was to evaluate the association of
blood levels of commonly used biomarkers in PE patients:
cardiac troponin | (cTnl), D-dimer, BNP, and CRP early in
the course of admission with all-cause 30-day mortality in
consecutive PE patients admitted to intensive care unit for at
least one day, regarding the main causality grouping method
to spontaneous, transiently provoked, and permanently
provoked PE. This retrospective analysis was gained from
the data of the Serbian University Multicenter Pulmonary
Embolism Registry (SUPER), founded in 2015.

Methods

This retrospective study was performed after the
approval of the local Ethics Committee. Patients over 18
years old of both genders, with confirmed acute PE diagnosis
by multidetector computed tomography pulmonary
angiography (MDCT-PA), were included in this study.
During the study period from January 2015 to June 2018,
607 cases were enrolled from five university cardiology or
pulmonology clinics (Military Medical Academy in

Jovanovi¢ Lj, et al. Vojnosanit Pregl 2021; 78(5): 542—548.

Belgrade, Institute for Pulmonary Diseases of Vojvodina in
Sremska Kamenica, Clinical Center in Ni§, University Clinic
Zvezdara in Belgrade, and Clinical Center in Kragujevac).

Participants were divided into three groups. Patients
with idiopathic or unprovoked PE were included in the first
group. Provoked PE groups were identified according to
different risk factors associated with PE. In the second
group, PE is considered a consequence of the setting-related
reversible factors, such as surgical procedure, trauma,
immobilization, oral contraceptive use, pregnancy, and
infections. PE patients with underlying serious chronic
medical illness (malignancies, chronic inflammatory
disorders, such as systemic connective tissue diseases or
inflammatory bowel disease, prolonged immobilization due
to irreversible neurologic deficit) were taken in the third
group. The endpoint of the study was the all-cause short-term
(30-day) mortality defined as death due to any cause after the
diagnosis of PE.

Biochemical analysis

Peripheral venous blood specimens from the
antecubital vein were collected, centrifuged, and
immediately analyzed using standard laboratory techniques.
cTnl and D-dimer were measured upon admission, BNP
and CRP were analyzed within 24 hours of the hospital
admission (which minimizes the influence of administrated
therapy). Serum was utilized for cTnl and CRP assays.
Citrated plasma was utilized for D-dimer assay and EDTA-
plasma for BNP measurements. cTnl was determined via
the fully-automated electrochemiluminescent assay using
the conventional ADVIA Centaur ultra-cTnl assay
(Siemens Healthcare Diagnostics Inc., Tarrytown, NY,
USA). D-dimer was measured by an immunoturbidimetric
assay using the Innovance D-dimer assay (BCS, Siemens,
Marburg, Germany). BNP was studied in Siemens ADVIA
Centaur System (ADVIA Centaur BNP assay, Bulletin
10629823-EN Rev.U, 2017-07, Siemens Healthcare
Diagnostics  Inc., Tarrytown, NY, USA). CRP
measurements were performed with an ADVIA 1800
analyzer (Siemens Healthcare Diagnostic, Tarrytown, NY,
USA). The reference values in the healthy population were
as follows: 0.01-0.04 pg/L for cTnl, 0-0.5 mg/L FEU for
D-dimer, 0-4 mg/L for CRP, and BNP upper reference
level was 100 ng/L.
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Statistical analysis

The continuous variables were expressed as the median
with a 25th-75th percentile range since all investigated
variables did not have a normal distribution. Mann-Whitney
U-tests were performed for the comparison of biomarker blood
concentrations in patients who survived versus patients who
died within 30 days in all groups and according to the
presumed cause of PE across the three groups. P-values being
< 0.05 denoted statistical significance. The area under the
receiver operating characteristics (ROC) curve was used to

determine the diagnostic and prognostic value of biomarkers
and select optimal cutoffs. SPSS 21.0 (SPSS Inc., Chicago, IL,
USA) was used for data processing and statistical analysis.

Results

The aim of the study was to investigate the
effectiveness of the panel of biomarkers to predict adverse
events in different PE subgroups. The baseline clinical
characteristics of the study patients are presented in Table 1.
Out of 607 patients, 301 (49.6%) were men, 306 (13.7%)

Table 1
Baseline characteristic pulmonary embolism (PE) subgroups
30-day mortality
Variables all patients unprovoked PE transient provoked PE persistent provoked PE
no yes no yes no yes no yes
n=52 n=83 n=271 n=32 n=144 n=18 P n=109 n=33 P
Age (years), 61 68 62 69 57 73 65 65
mean (SD) (16) @) <0001 (5 an 998 (g oy <0001 gy ) 096
Gender, n (%)
male 267 34 153 15 58 5 56 14
(510)  (41.0) (565)  (46.9) (403)  (27.8) G14) (424
female 257 a9 009 Ty 17 03 g 13 048 53 19 0429
490)  (59.0) @35)  (53.1) 597)  (72.2) (486)  (57.6)
Comorbidities, n (%)
COPD 51 14 2 5 11 0 16 9
97 @69 2% @9 @se 2?0 (76 o 98B (w7 @3 0118
CHD 66 18 33 5 12 4 21 9
ae) @17y 998 o5 ase %9 g3 @2 998 (193 (73 O3
CAD 50 15 22 2 15 6 13 7
98 @95 208 g3 74 1000 i @53 92 (g (12 001
history of 67 6 54 4 6 0 7 2
DVT/PE 129 (72 9% 203 @25 938 4y o 00 6a (g1 100
hypertension 277 50 149 17 66 14 62 19
63 602 %P7 52 31 988 wsg  re %2 (569 7e) 100
Mi+stroke+ 61 20 33 3 15 9 13 8
PAD arn a1 909 ooy @ay 9780 o5 s0) <0001 19y (2ap 00%
DM 83 19 51 5 16 5 16 9
159 (229 0% (g9 @se 92 w11y @re %992 (w73 08
history of 31 13 12 4 11 4 8 5
stroke 69 @7 %05 gy s %9 ge 22 %07 73 @sy 0180
malignancy 59 15 4 4 9 2 46 9
@3 @3 %00 g5 @25 9% g2 e %% 42 @r3 O
creatinine
28 20 17 7 0 3 11 10
clearance <0.001 0.003 0.001 0.011
e o (68)  (214) ©7)  (280) 00)  (20.0) 107)  (30.3)
Risk factors, n ( %)
PESI
>0 339 73 171 26 85 15 83 32
(673)  (948) (650)  (92.9) (634)  (938) 776)  (97.0)
=0 165 4 <0001 92 o 0002 g 1 0.022 2 L 0009
@27 (.2 350)  (7.1) 366)  (6.2) @24) (3.0
Risk of PE, n (%)
low 147 6 77 4 B e 22 1
284)  (1.3) 288)  (12.9) (33.6) ' 204)  (3.0)
intermediate- 137 8 72 1 27 2 38 5
low 264)  (9.8) 270) (32 (189)  (1L.1) @52)  (15.2)
intermediate- 184 5 <0001 g 13 <0001 g, 9 0.016 35 10 <ooo
high (355)  (39.0) @371)  (4L.9) (350)  (50.0) (324)  (30.3)
high 50 36 19 13 18 6 13 17
©7) (439 71 (419 (126)  (333) (120)  (515)

COPD - chronic obstructive pulmonary disease; CHD - coronary heart disease; DVT — deep vein thrombosis;
CAD - coronary artery disease; MI — myocardial infarction; PAD — pulmonary artery disease; DM — diabetes mellitus;

PESI - pulmonary embolism severity index; SD — standard deviation.

Data were missing for CAD (3.5%), DVT/PE (1.0%), hypertension (0.2%), Ml+stroke+PAD (0.3%), DM (0.2%),
malignancy (0.2%), PESI (4.3%) and risk of PE (1.2%0).
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were women, with a mean age of 62 + 16. Among all
patients, 83 died within 30 days; of those, 50 patients died as
a result of PE, which is 60.2% of all-cause deaths (50.4% vs.
27.5% vs. 22%, in spontaneous, transient, and persistent
provoked PE group, respectively). Venous thromboembolism
(VTE) is the second leading cause of death in cancer patients
11 Therefore, in the persistent provoked group, a significant
number of patients with malignancy died (27.3%), unlike
12.5% vs. 11.8% in the spontaneous and transient provoked
PE group, respectively.

If we analyze the differences between the
characteristics of patients across these three groups, we can
see that in patients with spontaneous PE and PE caused by
the transient provoked factor, patients who died at 30 days
were older and there was no difference in age in comparison
with the rate of death and survival in the group with
persistent provoked factor (Table 1). The distribution of
gender was similar regarding the 30-day mortality across
these three groups (Table 1). History of arterial symptomatic
disease was more prevalent in patients who died from
spontaneous PE (Table 1). Both simplified Pulmonary
Embolism Severity Index (SPESI) score and mortality score
stratified patients as it was expected, and 30-day mortality
rate were much higher in patients with SPESI > 0 comparing
to sPESI 0, and increased significantly from the low,
intermediate-low, intermediate-high to high-risk PE patients
in all three groups (Table 1).

BNP and cTnl represent a part of risk stratification

algorithm for intermediate-high risk or intermediate-low risk
patients and indicate treatment strategies. Comparison of
blood levels of biomarker between the deceased from any
cause and patients who survived the 30-day period showed
that CRP and BNP levels were significantly higher in
deceased patients in all three groups and cTnl level only in
spontaneous PE patients (Table 2). D-dimer levels were not
different between the deceased and survivors in neither
group (Table 2).

ROC curve analyses demonstrated that BNP had the
highest prognostic accuracy for 30-day mortality in patients
(n=219) who had all examined biomarkers. BNP provided
an AUC of 0.785 (p <0.001). Besides BNP, D-Dimer had
modest predictive power with an AUC=0.703 and p-value of
0.002. CRP showed an AUC of 0.672 (p = 0.008). The AUC
for ¢Tnl was 0.631, but it was not statistically significant
(p =0.063) (Figure 1).

In general, BNP separately as a continuous variable had
the highest c-statistic for all three groups of patients, but with
a modest predictive value for 30-day all-cause mortality in
patients with persistent provoked PE with an AUC of 0.699
(p = 0.025). C-reactive protein had solid predictive value for
the 30-day all-cause mortality in the group with transient
provoked PE, and it was less appreciated in spontaneous and
persistent provoked PE. ¢Tnl had a very modest predictive
value for the 30-day all-cause mortality only in patients with
spontaneous PE, and D-dimer was a very weak predictor of
this endpoint only in patients with persistent provoked PE.

ROC Curve

__CRP
BMP
== Troponin |

- =D dimer
Reference Line

oo T T
02 04 06

1 - Specificity

0g 10

Fig. 1 — Receiver operating characteristic (ROC) curve analysis for assessing the
capacity of biomarkers to predict 30-day mortality.
CRP - C-reactive protein; BNP — B-type natriuretic peptide.
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Since not all patients had measured values of all
markers, we performed a c-statistic analysis marker by
marker (Table 3) and a combination of each marker with
BNP (Table 4).

In the c-statistic analysis with a combination of markers
and BNP, the CRP had a comparable, high c-statistic as BNP
in spontaneous and transient provoked PE. However, both
markers were not doing well for the prediction of 30-day all-
cause mortality in patients with persistent provoked PE with
C-indices below 0.700. On the other hand, cTnl in
combination with BNP was significantly weaker from BNP
for the prediction of 30-day all-cause mortality in patients
with spontaneous and transient provoked PE, but much
better, yet significantly less respectable as BNP for persistent
provoked PE with an AUC of 0.712. D-dimer in combination
with BNP also had a very low predictive value for 30-day
all-cause mortality, but slightly better but not comparable
with BNP in patients with transient and provoked PE.

In the previous study *2, it was demonstrated that none
of these markers (CRP, cTnl, D-Dimer) added to BNP
(adjusted to gender, age, and glomerular filtration rate
calculated with Cockcroft-Gault formula) improved Cox
regression prediction models for 30-day PE-related
mortality.

BNP had a high predictive value for 30-day all-cause
mortality in all three groups of patients, which means that
heart failure with its surrogate BNP was an important
predictive factor for death regardless of the cause of PE.
There are a lot of studies that showed that BNP is a good
predictor for short-term mortality in patients with PE
regardless of the presence of left ventricle performance.
However, our study showed that BNP is a good predictor for
short-term mortality, especially in patients with spontaneous
PE and PE with transient provoked factor, but less good in
patients with provoked PE who had a persistent factor. The
possible reason for that is that the cause of death in this

Table 4
Comparison of B-tvpe natriuretic peptide (BNP) and its combination with other biomarkers
Parameters _Unprom]::ed PE Tr:gnsient pn_n-'okﬁd PE Per_sisteﬂt pr_m—'ol{ed PE
n__ AUC 95% CI b n_ AUC 95% CI Jl o AUC 95% CI Jl

BNP
BNP (ng'L) 167 0741 03530920 (0011 &7 0804 0060011 0008 61 0699 054084 0025
30-day mortality (o %a) 10 (6.0) 7(8.0) 14 (23.0)

BNP + CRP
BNP (ng'L) 16n 0744 0558-0030 0010 . 0801 0603-0910 0009 ., 0603 0535-0850 0.030
CRP (mg/L) 0772 0.621-0923  0.004 0.728 0.573-0883 0.047 0.596 0435-0.758 0297
30-day mortality (n. %a) 10 (6.2) 7(8.1) 14(23.3)

BNP + cTal
BNP (ng/L) 128 0.692 0464-0919 0.070 63 0.834 0.732-0937 0014 36 0.790 0612-0968 0.010
Troponin-I (ug/L) 0578 03352-0804 0463 0.631 03800882 0334 0712 0522-0902 0.060
30-day mortality (n. %) 8(6.3) 5(7.9) 9(25.0)

BNP + D-dimer
BNP (ng/L) 164 0743 05550030 0010 o, 0805 0700-0809 0008 .. 0712 0560-0.884 0.016
D-dimer (mg/L FEU) 0395 0401-0.780 0316 0.706 0468-0.943 0.073 0.688 0524-0832 0.04
30-day mortality (n. %o) 10 (6.1) 7(84) 13(22.8)

For abbreviations see under Tables 2 and 3.

Discussion

Since PE includes various diseases and conditions
behind heterogeneous pathophysiology, it is logically that
different biochemical markers have different prognostic
values for mortality depending on that. Besides that, the
cause of PE-related mortality can be divided into at least
three major groups, mortality caused by PE itself, mortality
due to comorbidities, and hemorrhage complications. This
study showed that several biomarkers had very different
values for the prediction of 30-day all-cause death regarding
the main cause of PE. In general, BNP had a solid predictive
value for 30-day all-cause mortality regardless of the cause
of PE. The serum concentration of CRP had a good
predictive value for 30-day all-cause mortality in patients
with spontaneous and transient provoked PE. Cardiac
troponin | and D-dimer levels had only modest but
significantly lower predictive value for 30-day all-cause
mortality compared to BNP in both provoked groups of PE.
Thus, the value of biomarkers for the prediction of 30-day
all-cause mortality very much depends on whether the
patient had spontaneous, provoked PE with transient or
persistent factors.
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group was more often the consequence of other reasons and
not PE itself.

CRP level also had a good predictive value for early all-
cause mortality, especially in patients with spontaneous PE.
Several inflammatory markers are elevated in patients with
acute PE even when febrile state or pulmonary consolidation
on computed tomography (CT) is not present. CRP, as a
well-known marker of inflammation, has a good predictive
value for mortality and bleeding complications which can
also contribute to death. Since causes of death, other than
PE, were presented more often in patients with provoked PE,
CRP was not such a good predictor for early mortality in
those patients.

According to previous reports, D-dimer was not a good
indicator of PE prognosis and severity ¥ 4 although the
results of D-dimer have had general application in excluding
PE due to its high negative predictive value . In the present
study, plasma D-dimer levels were increased in all subgroups
of patients regardless of the causality. However, a significant
difference was observed only between survivors and 30-day
mortality for all cohorts of PE patients. In our study, D-dimer
had a good predictive value for 30-day all-cause mortality
only in the subgroup of patients with persistent provoked PE.



Page 548

VOJINOSANITETSKI PREGLED

Vol. 78, No 5

This result might be partly explained as active malignant
disease, autoimmune diseases, and other severe
comorbidities predominate in this subgroup of patients.
Moreover, it is well-known that in these cohorts of patients,
D-dimer per se is the predictive factor for mortality *6-8,

There are a lot of assays for cardiac troponins with various
sensitivity and likelihood ratios making usefulness for cardiac
troponins in the prediction of outcome complicated for clinical
practice °. In our study, the cTnl assay had a relatively weak
prognostic value for 30-day all-cause mortality only in the
subgroup of patients with spontaneous PE when it was used as a
solo marker. As we mentioned before, in this group of patients,
PE-related death was the most prominent cause of death, and the
myocardial necrosis during the stretching of the right ventricle
(RV) was the mechanism of raised troponin in this subgroup.
Groups with provoked PE had predominantly other pathological
mechanisms of death with a lower role of RV failure and a
smaller amount of release of cardiac troponin.

The main limitation of this study was that a consid-
erable number of patients did not have all tested bi-
omarkers. However, according to the European Society of

Cardiology (ESC) guidelines, patients with low and in-
termediate-low risk of PE do not require results of all
these biomarkers.

Conclusion

Overall, this study showed that the cause of PE very
much influences the predictive power of biomarkers for
early PE-related mortality. Brain natriuretic peptide is the
probable biomarker that is the most resistant to different
influences because heart failure, surreally presented
through BNP blood level, is the final process firmly
associated with death outcome. C-reactive protein and
cardiac troponin | blood concentrations were better markers
for the prediction of early death in patients with
spontaneous PE than in provoked PE. Although D-dimer
had predictive value for early mortality in the whole group
of PE patients, it had poor predictive value in patients with
spontaneous PE and PE provoked with transient factor.
However, it also had a modest predictive value for PE
patients with persistent provoked PE.
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Survival rate of ceramic inlay and onlay restorations in posterior teeth
with one-surface or multi-surface after a 10-year follow-up: A

systematic review and meta-analysis

Stopa trajanja keramickih inlej i onlej restaurativnih nadoknada sa jednom ili
viSe povrsina u bo¢nim zubima posle 10-godisnjeg pracenja: sistematski

pregled i meta analiza

Yun Zou, Jing Bai, Jing Zhou Xiang

Ansteel Group Hospital, Department of Stomatology, Anshan, China

Abstract

Background/Aim. A large number of studies have been
conducted on the survival rate of ceramic single tooth resto-
rations, but few studies have discussed the influence of the
number of restoration surfaces on their survival rate. This
study aimed to evaluate the sutrvival rate of ceramic inlay
and onlay restorations in posterior teeth with one-surface or
multi-surface after a 10-year follow-up. Methods. PubMed,
Web of Science, Cochrane Library, Embase, and Wanfang
databases were searched for articles published by July 31,
2016. Randomized controlled trials and non-randomized
trials were collected and patients with posterior teeth defect
were included. Publication bias and sensitivity analysis were
also assessed. Results. Five studies comprising 6,720 cases
were included in this meta-analysis. The results indicated
that the survival rate of ceramic inlay and onlay restorations
with two-surface was significantly higher than that of one-
surface restorations (within 10 years) [hagard ratio (HR) =
2.11; 95% confidence interval (CI) = 1.33-3.36, p = 0.002], and
the survival rate of three-surface restorations was higher
than that of two-surface ones (HR = 2.50; 95% CI = 1.36—
459, p = 0.003). Conclusion. The current meta-analysis
shows that the increase in the ceramic inlay and onlay resto-
ration surfaces increases their survival rate within a 10-year

period.

Key words:
denture, partial, fixed; meta- analysis as topic; survival
rate

Apstrakt

Uvod/Cilj. Velik broj studija bavio se ispitivanjem veka trajanja
keramackih restaurativnih nadoknada na pojedinacnim zubima,
dok je manji broj njih proucavao uticaj broja povrsina tih nadok-
nada na njihov vek trajanja. Cilj ove studije bio je da proceni
stopu trajanja keramickih inlej i onlej restaurativnih nadoknada sa
jednom ili vise povrsina u boc¢nim zubima posle 10-godisnjeg
pracenja. Metode. Pretrazene su baze PubMed, Web of Science,
Cochrane Library, Embase i Wanfang radi pronalazenja radova
objavljenih do 31. jula 2016. godine. Prikupljeni su radovi o ran-
domizovanim kontrolisanim klinickim ispitivanjima i nerandomi-
zovanim klinickim ispitivanjima, u koja su bili ukljuceni pacijent
sa ofteCenjem boc¢nih zuba. Takode, bila je procenjena
pristrasnost i izvr$ena analiza osetljivosti u ovim publikacijama.
Rezultati. U ovu meta-analizu bilo je uklju¢eno pet studija sa 6
720 pacijenata. Rezultati su pokazali da je tokom desetogodisnjeg
pracenja vek trajanja inlej i onlej keramickih restaurativnih
nadoknada sa dvostrukom povtsinom bio znatno duzi od onih
sa jednom povisinom [bagard ratio (HR) = 2,11; 95% confidence
interval (CI): 1,33-3,36, p = 0,002], kao i da je vek trajanja
nadoknada sa tri povrsine bio duzi od onih sa dve povrsine (HR
= 2,50, 95% CIL: 1,36-4,59, p = 0,003). Zakljucak. Ova meta-
analiza pokazuje da povecanje povrsina keramickih inlej i onlej
restaurativnih nadoknada produzava njihov vek trajanja tokom
perioda od 10 godina.

Kljuc¢ne redi:
zub, trajne nadoknade; meta analiza; preZivljavanje,
stepen

Introduction

As a result of patients’ increasing demand for highly
esthetic restorations, issues concerning the use of composite

resins for large restorations in posterior teeth, and
discussions regarding possible side effects of dental
amalgam have increased indications for tooth-color partial-
coverage restorations to restore posterior teeth 7. As an
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alternative to direct partial restorations, indirect restorations
were more widely used because they could provide more
control over shape and function, particularly in larger defects
in posterior teeth. Numerous materials are currently available
for making indirect partial restorations ®° but the
mechanical strength must be taken into account in posterior
applications. With the development of adhesive technologies
and escalation in aesthetic demands, it is likely that most
indirect restorations are currently made from ceramic
materials.

Indirect ceramic restorations can be made either by a
dental technician in the laboratory or by using computer
aided design/computer aided manufacturing (CAD/CAM)
systems to make chairside restorations in a single session.
The procedure of placing indirect inlay restorations includes
many steps and a wide variation of ceramic materials and
luting cements that can be used. Clinical studies on the
success of stress-bearing all-ceramic inlays in permanent
posterior teeth have already identified that the longevity of
dental restorations is dependent on many different factors,
including material-, patient- and dentist-related factors.
Amounts of factors related to the materials, such as ceramic
properties or characteristics of the adhesive luting technique,
have been investigated extensively in vitro % 13, Clinical
studies with limited sample size also have shown the
influence of factors related to patients and operators on the
clinical outcome of ceramic inlays 3¢, However, there is a
lack of clinical studies analyzing the role of surfaces risk
factors on restoration longevity and performance.

This systematic review and meta-analysis aimed to
evaluate the difference in longevity of ceramic inlay
restorations with one-surface or multi-surface after 10-year
follow-up associated with the main clinical outcomes
reported in randomized controlled trials (RCTs) and
retrospective studies.

Methods

Information sources

We searched the following databases for articles
published between 1983 and 2016 that reported on survival
of ceramic inlay restorations: PubMed, Web of Science,
Cochrane Library, Embase, and Wanfang (by July 31, 2016).
References of the included articles were further checked
manually. We selected the year 1983 as the starting point
because adhesive procedures for ceramics with the use of
hydrofluoric acid and silanization were first introduced in
that year 7.

Search strategy

PubMed, Web of Science, Cochrane Library, Embase,
and Wanfang databases were searched for articles with broad
key terms, such as “ceramic,” “Cerec”, “inlay,” “onlay”,
“survival,” and “long-term”. The search strategy was carried
out using the retrieval type as following: (“ceramic” OR
“Cerec”) AND (“survival” OR “long-term”) AND (“inlay”

OR *“onlay”). In addition, we searched all these databases to
avoid missing relevant studies published before July 31,
2014. Only studies published in English and Chinese were
included. Manual search of reference lists of retrieved
articles was also performed.

Study selection and eligibility criteria

All titles and abstracts of the selected studies were first
assessed for the following inclusion criteria: clinical studies
related only to all-ceramic inlays in human posterior teeth
and those with clinical follow-up (prospective studies,
retrospective studies, or RCTs). The full text was evaluated
for articles without abstracts or for abstracts with an
insufficient description. After evaluating the full text of the
articles according to the previously defined exclusion
criteria, articles with the following features, without
language restrictions, were considered ineligible: 1) articles
without a description of the procedure or those in which
uncommon preparations had been performed (e.g, bridge
abutments, splinting, uncommon bonding procedures,
occlusal coverage of posterior teeth without preparation, or
implant abutments or restorations including metal); 2) case
reports; 3) literature or systematic reviews, protocols,
interviews, and in vitro studies; 4) studies conducted in
isolated groups (bruxism, hypoplasia, others); 5) studies with
the same sample (the most recent and/or most complete was
considered); 6) studies without a survival analysis or those
with incomplete data for the analysis; 7) studies with a
dropout rate higher than 30%; and 8) studies with a follow-
up shorter than 10 years.

Data extraction

We extracted information from the studies (that had
been collected based on the aforementioned criteria), such as
author names, publication year, volume and issue; article
design; number of cases and placebos, efficacy and safety
assessment. Yun Zou and Jing Bai independently checked
the data from all the included studies. Subsequently, a third
reviewer (Jingzhou  Xiang) discussed inconsistent
evaluations and thereby helped to reach a final agreement.

Quality assessment of the included studies

The quality of all the included studies was assessed
according to the Newcastle-Ottawa quality Assessment Scale
8 independently by 2 reviewers (Yun Zou, Jing Bai).
Disagreements were resolved by another reviewer (JingZhou
Xiang). The Newcastle-Ottawa Quality Assessment Scale
falls into three categories, including Selection,
Comparability, and Outcome. The categories Selection and
Outcome have four and three items, respectively. The
category Comparability has only one item. When a study is
assessed item by item, it is awarded a maximum of one star

(%) for each item within the Selection and Outcome
categories. A maximum of two stars can be awarded for the
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Comparability category. Generally, the study which was
awarded more than five stars in total was considered to be
included in this meta-analysis.

Statistical analysis

The strength of association between one-surface and
multi-surface was estimated by hazard ratio (HR) value and
95% confidence interval (Cl). A meta-analysis of surfaces
risk factors on restoration longevity and performance, were
performed using Review Manager Version 5.3 software
(provided by the Cochrane Collaboration) to obtain a HR.
Z-test determined the significance of the pooled HR and
p<0.05 was considered as statistically significant.
Heterogeneity of the studies was assessed using the
Cochrane Q and I? statistic °, which represents the
percentage of total variation among studies that is
attributed to heterogeneity rather than chance 2°. Both
fixed-effects and random-effects models were used: if the I?
test < 50% or p > 0.05 (Q-test), we used the fixed-effects

PRISMA 2009 Flow Diagram

model; if there was significant heterogeneity among the
included studies (I test > 50%), the random-effects model
was employed.

Egger rank correlation tests were used to assess the
extent of publication bias. In addition, sensitivity analysis
was also performed. Those two procedures were conducted
using STATA 11 (Stata, College Station, TX, USA).

Results

Study selection

The search strategies employed yielded 569 studies
(Figure 1). The titles and abstracts were screened and 21
studies were excluded at this step. Then, full-text articles
were screened against the inclusion criteria. Thus, 5
studies *> 2:?* comprising 6,720 ceramic inlay restorations
were included in our study. We followed the PRISMA
guidelines and illustrated the study selection by the PRISMA
flow diagram (Figure 1).

™,
E
-] Records identified through Additional records identified
ﬁ database searching through other sources
E In=569) in=0]
g
=
et ¥ y
Records after duplicates rermoved
r—
(n=248 )
‘ua
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i R
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[m= 245} | (n=21)
—
N
Full-t@éxt articles assassad Faall=Dint drticlis @xcluded,
.E' for E'|IEIb||I‘[‘I|I’ withreasons (n=16)
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= sampling (n=d)
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studies inclwdad in incompletedata(n=11}
gualitativesynthesis Follow up lewerthan 10
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—

Fig. 1 - PRISMA flow diagram for the study selection process. In this meta-analysis,
5 studies were selected for qualitative analysis.
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Table 1

The characteristics of the studies *>2:-* included in this meta-analysis

Year of

Firstauthor o plication

Country Type of study

Number.of
restored
surfaces

Evaluation
criteria

Follow-up

Material
(years)

Reiss % 2000 Germany Retrospective

cohort

Otto 24 2002 Switzerland  Retrospective

cohort

Stoll 15 2007 Germany Retrospective

cohort

Beier 2 2012 Austria Retrospective

cohort

Collares 2 2016 Brazil randomized

controlled
trial

32 one- USPHS
surface
344 two-
surface
519 three-
surface
23 one-
surface
67 two-
surface
85 three-
surface
304 one- NS
surface
754 two-
surface
438 three-
surface
38 one-
surface
141 two-
surface
155 three-
surface
205 one- NS
surface
1359 two-
surface
2256 three-
surface

10 Feldspathic
porcelain

10 Feldspathic USPHS

porcelain

10 Glass-
ceramic

20 Glass-
ceramic

CDA

10 Ceramic

All studies were published in English.

CDA - California Dental Association; USPHS — United States Public Health Service; NS — not specified.

Table 2

Results of literature > 21-2* quality assessment according to the Newcastle-Ottawa quality Assessment Scale

First author, year of publication Selection Comparability Outcome
Reiss, 2000 22 1.2.0.0. ¢ ok *ok
Otto, 2002 2 2.0.0.0 ¢ ok *ok
Stoll, 2007 15 okkok ok Kok
Beier, 2012 21 okkok ok *ok
Collares, 2016 23 ok Yk Yok k

Study characteristics

The characteristics of the included studies are presented in
Table 1. The selected articles were published from 2000 to
2016. The 5 aforementioned studies included 6,720 ceramic
inlay restorations characterized by one-surface, two-surface
and three-surface. The experiment group included ceramic
inlays with one-surface, and the control group included
ceramic inlays with multi-surface.

All the included studies were marked by more than five
stars on quality assessment (Table 2). These studies all

illustrated explicit diagnostic criteria, good comparability
between subgroups, and clear results.

Meta-analysis

The substantial heterogeneity was described with an 12
value of 0%; thus, fixed effects models were used, showing
that the survival of one-surface was significantly different
from that of two-surface (95%CI:1.33,3.36 p =0.002)
(Figure 2). Because the 1? value was 0% (I> = 0%; p = 0.41),
the data extracted were those obtained by the fixed effects
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model showing a significant difference between one-surface
and three-surface (95%CI: 1.36, 4.59 p = 0.003) (Figure 3).

in all these studies. However, the samples of vital teeth were
obviously much larger than those of non-vital teeth, and

Hazard Ratio Hazard Ratia
Stisdy of Submoup  loglHazard Ratio) SE_Waight IV, Fimed, 95% £ IV, Flxadl, 95% €1
Beler 2012 1.31 30861  00% 3.71[0.00,18126E263) * T - 2
Collares 2016 01655 04181 321% 1.18[0.52, 2 68 N
Ot 3002 737 8868  00% 000000, 4361E244) *
Relss 2000 14 048 244% 4.061.58,10.30) -
Stoll 2007 081 036 434% 2250111, 4.55) ——
Tatad (95% Cl) 100.0% 241133, 3,36] -
Hetemagenedly. Chf e 382, ofe 4 (P = 0.43) Fe 0% b + T + —
B . oo 01 1 10 00

L far dvvirrall @fMect 2= 315 P= 0003 Favours [expernmental] Favours [controf
Fig. 2 — Forest plot of inlays, one-surface vs. two-surface.
Cl - confidence interval; SE — standard error.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Beier 2012 007 261 1.4% 1.07[0.01,172.66] * >
Collares 2016 0.4447 04083 4&78% 1.56 [0.70, 3.48] T
Ottn 2002 -44 27735 00% 0.01[0.00,1.479E234] * >
Reiss 2000 178 054 331% 5.93[2.06,17.09] —
Stall 2007 087 112 77% 2.38(0.27, 21.44]
Total (95% CI) 100.0% 2.50 [1.36, 4.59] ~=iiip-
Heterogeneity: Chi*=4.00, df=4 (P=0.41), F= 0% IU.D1 UH 1ID 100'

Test for overall effect: £=2.84 (P =0.003)

Favours [experimental] Favours [control]

Fig. 3 — Forest plot of inlays, one-surface vs. three-surface.

For abbreviatio

Publication

The Egger rank correlation tests showed that there was
no publication bias in these two meta-analyses (p = 0.937, p
=0.968).

Discussion

According to the present systematic review and meta-
analysis, and concerning the outcome, the survival rate of
ceramic inlays and onlays increases with the increase in the
number of inlay and onlay surfaces. This conclusion was
different from the conclusions in the studies included. In
general, several factors may be associated with the survival
rate of ceramic inlays: the design of the inlays, fabrication
methods, bonding procedures, use of composite resin
cements, vital or non-vital teeth habit of the participants, and
the evaluation criterion of the study.

The descriptions of all-ceramic inlays preparation were
presented only in one study 2%, which emphasizes the
shoulder preparation and occlusal reduction of at least 1.5
mm from the deepest pit in the fossae, because this could
improve the fracture resistance strength of all-ceramic
restoration. The other four studies did not describe the
preparation of inlays, and the influence of the surface on the
survival of ceramic inlays could therefore not be evaluated.

Three studies * 2 22 divided the restorations into two
groups: vital teeth and non-vital teeth. Restorations on vital
teeth showed significantly fewer failures compared to
restorations on non-vital teeth during the 10-year follow-up

ns see under Fig. 2.

items were not subgrouped by surface. The evidence was
therefore insufficient to indicate whether vital teeth may or
may not be the factors in the survival rate of ceramic inlays
with one-surface or multi-surface.

The restorations were polished in one follow-up
study *°, while an in-vitro study showed that the ceramic
polishing with rotating instruments may creating microcracks
in the marginal zone. Hence, whether or not to apply
polishing is still debatable. Besides, none of the studies
involved proved that polishing during the treatment has an
effect on the survival rate of the ceramic inlays surface. Each
restoration received dual-cured resin composite at the time of
treatment. A 10-year prospective study compared the
performance of inlays cemented with a chemically cured and
dual-cured resin composite. After 10 years of clinical
service, the inlays luted with chemically cured resin
composite had a higher survival rate (89%) compared to
dual-cured resin composite (77%). Three studies 22
mentioned using dentin bonding, and one of the studies %
showed that although more than half of the failures occurred
in restorations with no dentin bonding, the differences were
not significant. The surface survival rate of multi-surface
was lower than that of one-surface. Reiss and Walther %
suggested that the risk of failure was significantly reduced
when a dentin adhesive was applied. It was also confirmed
that the survival rate of multi-surface was higher than that of
one-surface. Besides, Hass et al. ?° reported that a survival
rate of 95% after 7 years means the dentin adhesive used had
no significant influence on the results either. In contract,
Posselt and Kerschabaum 2¢ found significantly higher
survival probabilities for inlays incorporated with a dentin
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adhesive, but there was no significant evidence to arrive at
the conclusion above.

Clelland et al. ?” suggested that application of silanation
had a greater effect on improving the strength of the ceramic
restoration, particularly if the surface was rough. Two of the
studies included in this meta-analysis refer to silanation. In
one of the studies 2, all the ceramic inlays were silanized
directly after drying before seating, and the outcome
indicated that the survival rate of multi-surface was higher
than one-surface. In the other studies, 86% of inlays were
silanized before placement and the results showed that
survival rate of one-surface was higher than multi-surface.
However, the current evidence was not sufficient to draw the
conclusion on whether silanation has an effect on the
survival rate of the surface of inlays. One study > showed
that the number of surfaces did not influence their longevity.

Restorations in two studies > 2! were fabricated at the
Department of Operative Dentistry, School of Dental
Medicine. All of the patients in the other three studies 22
had been recruited from a single private dental office. Trials
undertaken in a university hospital environment are normally
conducted in accordance with fixed placement and
evaluation protocols, in idealized conditions without the
restraints of time and available materials. The data obtained
in this manner should show the optimum performance of the
restorative system. University studies are normally fixed-
term studies with a defined placement and evaluation time-
scale. The trials undertaken in a dental practice environment
tend to be influenced by reduced clinical working-time,
variation in the use of luting materials, and usually the
inability to adhere to a strict case selection protocol 2.
Therefore, different locations of research could influence the
survival rate of the surface of inlays.

Two studies 2 2* pointed out that the patients who
participated in the research were diagnosed with bruxism.
Otto and De Nisco ?* confirmed the fact that during the
follow-up, two to three patients with multiple failures were
diagnosed with bruxism. This may mean that this particular
group of patients should be considered a risk group with
regard to Cerec restorations. In the clinical study by Beier et
al. 2, 33% of all fractured inlays occurred in patients with
signs of bruxism, but no significant differences were
reported. Therefore, the conclusion regarding whether or not

bruxism has an impact on the survival of the surface of
inlays could not be drawn.

A large number of studies have been conducted on the
survival rate of ceramic single tooth restorations. Different
factors were held responsible for the survival of the
restorations. Only a few studies discussed whether the
number of surfaces has an influence on the survival rate. The
meta-analysis consisted of three studies # 2 2* confirmed
that the survival rate was decreasing with the surface
increased. However, one study %2 showed that the survival
rate was increasing with the surface increased. The present
study showed that the survival risk was decreasing with the
surface increased. The current evidence indicates that the
survival rate increased with the increase of the number of
inlay surfaces. The clinical dentists should take account of
the number of surfaces during treatment.

Several limitations and sources of bias should be
considered in this meta-analysis. First, only studies published
in English and Chinese were searched in the process of study
selection. No evidence of significant publication bias in this
study was reflected by the test. Second, few studies reported
the survival rate of ceramic inlay surfaces, and the sample
used in this meta-analysis is not large enough to perform a
subgroup analysis. Therefore, more original studies are
needed. Furthermore, the included studies were mostly from
Europe. The absence of representative data from other parts
of the world may have made the results more prone to
potential selection bias.

Conclusion

In conclusion, this meta-analysis indicates that the
survival rate increased with the increase in the number of
surfaces of inlays and onlays. We suggest the clinical
dentists should take into account the influence of the number
of surfaces during treatment, and improve the survival rate of
the ceramic inlays.
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Abstract

Background/Aim. Chronic subdural hematoma (CSDH)
is one of the most frequent neurosurgical conditions with
an overall incidence ranging from 1.72 to 20.6 per 100,000
persons per year. The surgical procedure for CSDH is rela-
tively simple and usually performed in the supine position.
Reported reoccurrence rates range from 11.7% to 28%.
Postperative pneumocephalus was previously identified as a
sole predictor of reoccurrence. The aim of this study was to
assess the advantage of the procedure in the sitting position
in patients with CSDH and a possible impact on the reoc-
currence rate. Methods. The study included 31 patients
who underwent awake craniostomy with closed system
drainage for CSDH (16 in supine and 15 in sitting position)
in our department from December 2016 to March
2018. Results. A total of 22 males and 9 females were in-
cluded in the study. The overall reoccurrence rate was 19%
(22% and 18% in females and males, respectively). The re-
occurrence was noted in 5 patients who had undergone sur-
gery in the supine position, and in one case in the sitting po-
sition. Our results revealed a lower reoccurrence rate in pa-
tients undergoing surgery in the sitting position, although
not reaching statistical significance [odds ratio (OR): 0.18,
95% confidence interval: 0.01-1.42, p = 0.172]. Conclu-
sion. Craniostomy in the sitting position under local anes-
thesia is a safe, simple, and reliable procedure for CSDH
treatment. Besides being very comfortable for the patient,
according to our initial results, it might also lead to a lower
reoccurrence rate, probably due to the better management
of the air inflow, and consequent pneumocephalus.

Key words:
hematoma, subdural; neurosurgical procedures; posture;
recurrence; sitting position; treatment outcome.

Apstrakt

Uvod/Cilj. Hroni¢ni subduralni hematom (HSH) je jedan
od najcesc¢ih neurohirursklih entiteta sa ukupnom inciden-
com javljanja od 1,72 do 20,6 na 100 000 osoba godisnje.
Hirurska procedura za lecenje HSH je relativno jednostavna
i obi¢no se izvodi u leze¢em polozaju. Stopa recidiva iznosi
od 11,7% do 28%. Postoperativni pneumocefalus se smatra
nezavisnim pojedina¢nim prediktorom recidiva. Cilj rada bio
je da se proceni prednost procedure u sede¢em poloZzaju u
lecenju bolesnika sa HSH, kao i njen eventualnim uticaj na
stopu recidiva. Metode. Studija je obuhvatila 31 bolesnika
kojima je uradena kraniostomija sa zatvorenim sistemom za
drenazu HSH pod lokalnom anestezijom (16 u lezecem
polozaju na ledima i 15 u sedeem polozaju), u periodu od
decembra 2016. do maja 2018. godine. Rezultati.
Studijom su obuhvadena 22 muskarca i 9 Zena. Ukupna
stopa recidiva iznosila je 19% (22% kod Zena i 18% kod
muskaraca). Recidiv se javio kod 5 operisanih u leze¢em
polozaju i kod samo jedne bolesnice operisane u sede¢em
polozaju. Nasi rezultati su pokazali trend rede pojave
recidiva kod bolesnika operisanih u sede¢em polozaju,
iako razlika nije bila statisticki znacajna [odds ratio (OR):
0.18; 95% interval poverenja: 0.01-1.42, p=0.172].
Zaklju¢ak. Kraniostomija u sede¢em polozaju pod
lokalnom anestezijom je sigurna, jednostavna i pouzdana
procedura za lecenje HSH. Pored toga $to je veoma
komforna za bolesnika, prema nasim inicijalnim
rezultatima, mogla bi da vodi i sniZenju stope recidiva,
verovatno zahvaljujuéi boljoj kontroli ulaska vazduha i
pojave posledi¢nog pneumocefalusa.

Kljucne reci:
hematom, subduralni; neurohirurske procedure;
polozZaj tela; recidiv; poloZaj, sedeci; leCenje, ishod.
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Introduction

A subdural hematoma is a blood collection between
the dura and arachnoid layers of meninges, which is
considered chronic when developed within 21 days or
more ®. Chronic subdural hematoma (CSDH) is one of the
most common neurosurgical occurrences, with the overall
incidence reported to range from 1.72 to 20.6 per 100,000
persons per year 2. The reported reoccurrence rate, after
the standard surgical procedure, ranges from 11.7% to
28% 3. Most likely, CSDH develops due to traumatic head
injury, which is often minor and not always evident,
especially in light of antiplatelet or anticoagulation
therapy in older patients, although it may develop through
the lysis of an acute hematoma of any origin * % The
incidence of CSDH may double in the next ten years due
to the growth of the aging population & The
pathophysiology of the disease is controversial, being a
combination of multiple interrelated mechanisms
following trauma, including inflammation, membrane
formation, angiogenesis and fibrinolysis, that propagate
an increase in CSDH volume *.

Craniostomy is the gold standard for CSDH treatment,
although, there are many different “styles” of performing this
procedure 7. The simple procedure of craniostomy still brings
many dilemmas: a twist-drill or a burr hole, single or double
craniostomy, or an enlarged single burr hole 8 There is no
consensus, but some evidence-based recommendations are
available, suggesting to irrigate the CSDH and to place
postoperative  closed-system  drainage to  prevent
reoccurrence " % 1%, Pneumocephalus is a common surgical
complication, representing a significant independent
predictor of CSDH treatment failure, which almost doubles
the reoccurrence rate ' 2, If the postoperative computed
tomography (CT) images reveal significant pneumocephalus,
a simple re-operation is proposed, to refill the hematoma
cavity with saline 2. Craniostomy is usually performed in the
semilateral position or in the supine position, with the head
in the neutral position or rotated opposite the lesion site 8.
The burr hole should be kept at the vertex of the head during
this procedure. Improper head posture can result in a large
quantity of subdural air, no matter how many holes are
drilled &2,

When performing the procedure on an awake patient,
the sitting position is the most comfortable for the patient,
while also being very convenient for the surgeon. Due to
head elevation and positioning, the burr hole, which is easily
made at the vertex of the patient’s head (and the vertex of the
CSDH), becomes a natural barrier, preventing gas from
entering the subdural cavity. Nevertheless, in neurosurgery,
the sitting position is usually linked with complications
(venous air embolism in particular), although recent studies
demonstrate decreased rates of complications in patients
undergoing surgeries in the sitting position > 4, Hovewer,
anesthesiologists and surgeons continue to avoid this
position 5. Up to date, no reports of patients undergoing
craniostomy in the sitting position for CSDH have been
published.
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Methods

A small prospective cohort study in our patients
undergoing awake craniostomy for CSDH was performed.
The patients were selected for either the supine or sitting
position according to the treating physician’s preference.

The aim of the study was to recommend the
introduction of the sitting position, as at least noninferior to
the standard supine position, as well as to evaluate the
possible impact of positioning (sitting vs. supine) on the
outcome, with a possible influence on complications, namely
the most frequent one — CSDH reoccurrence.

All patients who underwent craniostomy with drainage
for primary CSDH in both supine and sitting positions at our
department from December 21st 2016 to March 31st 2018
were included.

Inclusion criteria were: patients who underwent
craniostomy with drainage for CSDH under local anesthesia
from December 21st, 2016 to March 31st, 2018; either the
sitting or supine position; CSDH verified by CT; either
bilateral or unilateral hematoma/s.

Exclusion criteria were: the prone position; iatrogenic
CSDH (related to previous ventriculoperitoneal shunt or
surgery); CSDH with significant neomembranes or acute
blood clot formation, according to CT; reocurring CSDH.

Patients were divided into two groups, sitting and
supine, according to their intraoperative positioning.

Surgical procedure

After CSDH was confirmed by CT, if excessive
neomembranes formation was detected, the patient was
excluded from this study, and referred for either craniostomy
and drainage followed by postoperative corticosteroid
treatment, or craniotomy and evacuation of hematoma by
way of neomembranes resection. The patients with a
significant acute blood clot underwent craniotomy and
evacuation of hematoma.

After the patient had been checked for bleeding, the
procedure under local anesthesia was indicated. In cases
where coagulation status was altered due to anticoagulation
drugs, an antidote therapy was prescribed to reduce the
international normalized ratio (INR) to less than 1.5, and
activated partial thromboplastin time (APTT) to 30-40 s.
Patients taking antiaggregating drugs were not operated on
the day of admission if the medication had been taken on that
day. The first dose of prophylactic 2nd generation
cephalosporin antibiotic was given at the ward or in the
emergency room (ER), before the procedure. The operating
field was shaved in a radius of approximately 3 cm around
the incision.

The patient was informed regarding the surgical
procedure, the type of anesthesia, as well as potential risks
and expected outcomes. A standardized informed consent
form was signed by each patient or their legal guardian.

The patient was placed on the operating table in the
supine position. To achieve this position, the head was
slightly flexed, and rotated to the side opposite the lesion.
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The sitting position was reached by manipulating the
operating table. The head was flexed towards the torso and
secured using a pillow (see Figure 1). While the patient is
comfortably seated armrests may be helpful to further
improve the patient's comfort %3,

Fig. 1 — Hlustration of a patient in the sitting position
prepared for an awake craniostomy for a chronic
subdural hematoma.

Initial 5 mL lidocaine was administered locally to
impregnate the area of incision and drain placement. The
drainage system was prepared in the meantime.

The incision was made over the hematomas highest
thickness aligned with the vertex of the head, after which a
burr hole was made and filled around with surgical wax.
The dura was exposed, and the drain was pulled through
the skin, approximately 1 cm behind the incision. A T-
shaped dural incision was made, and a 6 cm perforated part
of the drain was pushed through the capsule into the
subdural space. The burr hole was filled with an
oxidized cellulose hemostatic agent, and sutures were
placed. The same sutures were used to fix the cotton gauze.
After initial hematoma release and pressure relief, 20 mL
of 0.9% saline solution was then injected through the
proximal part of the drain for irrigation, 3-5 times.
Afterwards, the drain was connected through the distal part
to the drainage bottle placed below the patient, to proceed
with controlled closed system drainage.

The patient was placed in a bed, in a comfortable supine
position and transferred to the ward. Solutions infusion and
paracetamol were administered, and the drainage was
continued. Antibiotics were continued until the drain was
removed. A head CT was performed on the second morning
after the procedure, and the drain was removed.

A control head CT was performed one month after the
surgery, together with the follow-up examination. At that
time, in cases where significant residual hematoma was
detected, a re-operation was indicated. Where a head CT was
normal, or with an insignificant subdural collection, only
clinical follow-up was advised.

Statistical analysis

Categorical data were presented as the number of patients
in each category and the corresponding percentages. The y? test
and the Fisher exact test (in case the number of patients in a
group was below 5) were performed to verify the statistical
significance between the various groups. Numerical data were
first analyzed graphically, and the normality of their distribution
was checked by performing the Shapiro-Wilk test. Where the
Shapiro-Wilk test confirmed the normal distribution, numerical
data were presented as means and standard deviation, and the
Student’s t-test or ANOVA were applied to compare two or
more groups, respectively. Otherwise, numerical data were
presented as median values with minimum and maximum
values. The Kruskal-Wallis test was performed to compare
numerical variables between different groups.

The statistical analysis was performed in the R
Language and Environment for Statistical Computing (v.
3.4.2 — "Short Summer") . The data were imported from
Excel using the openxlsx package, processed using the
Hmisc, dplyr, stringr, and tidyr packages, and presented
using the compareGroups and ggplot2 packages *" 6.

Results

Out of 36 patients who underwent 42 surgeries in the
observed period, this study included a total of 31 patients,
each with a single operation (31 in sum) for primary CSDH.
Five patients were excluded due to the CSDH related to a
previous surgery (4), and due to significant acute clot
formation (1). The remaining 6 surgeries were reoperations
(two of these in a single patient), while one of the male
patients was referred to another institution for reoperation
after reoccurrence.

Nine patients (29%) were female, and 22 (29%) were
male (71%). Table 1 shows general information about the
patients’ characteristics, as well as the characteristics of the
surgery and the outcomes. In the majority of cases, the
patients were operated immediately after the diagnosis of
CSDH or on the following day, although in some cases the
procedure was delayed for up to 10 days. Sixteen (52%) of
the patients were operated in the supine position, while 15
patients (48%) were operated in the sitting position.

Most of the patients (81%) had no complications during
the follow-up period, while reoperation for recurrent CSDH was
necessary for 6 patients (19%). One patient, operated on in the
sitting position developed a headache that lasted for 2 weeks
postoperatively and resolved with the use of paracetamol. No
other complications occurred in the group of patients
undergoing primary craniostomy and drainage for CSDH.

Pneumocephalus was less frequent in the group of
patients undergoing surgery in the sitting position, and the
two cases of massive pneumocephalus were both in the
group of supine-positioned patients. However, there was no
statistically significant correlation between pneumocephalus
formation and hematoma reoccurrence; neither was there any
statistically significant correlation between positioning and
pneumocephalus formation.
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Table 1
General characteristics of the patients and surgical procedure by gender
Parameter All patients Female Male b (overall)
(n=31) (n=9) (n=22)
Age (years) 72 (49-89) 70 (59-88) 74 (49-89) 0.433
Location of CSDH: 0.670
bilateral 6 (19) 1(11) 5 (23)
right 15 (48) 4 (44) 11 (50)
left 10 (32) 4 (44) 6 (27)
Position, n 0.252
supine 16 (52) 3(33) 13 (59)
sitting 15 (48) 6 (67) 9 (41)
Outcome 1.000
no complications 25 (81) 7 (78) 18 (82)
recurrent hematoma 6 (19) 2 (22) 4 (18)

All values are expressed as median (minimum-maximum) or number (percentage).

Table 2

General characteristics of the patients with chronic subdural hematoma
(CSDH) and surgical procedure by the outcome
All patients  No complications Recurrent hematoma

Parameter (n = 31) (n = 25) (n = 6) p (overall)
Age, years 72 (49-89) 70 (49-89) 76 (63-78) 0.920
Gender: 1.000
female 9 (29) 7 (28) 2 (33)
male 22 (71) 18 (72) 4 (67)
Location of CSDH: 0.833
bilateral 6 (19) 5 (20) 1(17)
right 15 (48) 11 (44) 4 (67)
left 10 (32) 9 (36) 1(17)
Position: 0.172
supine 16 (52) 11 (44) 5 (83)
sitting 15 (48) 14 (56) 1(17)

All values are expressed as median (minimum-maximum) or number (percentage).

Table 2 shows the characteristics of the patients and the
surgery by the outcome. Reoperation was necessary for a
total of 6 patients, of which two were female, and 4 were
male. There were no statistically significant differences
between male and female patients regarding their basic
characteristics and the outcome of the surgery. The
reoperated patients had a median age of 76 years (63-78),
and those with a positive outcome a median age of 70 years
(49-89). Still, there was no statistically significant difference
in the age of the patients with or without a complication.
None of the previously recognized factors such as age,
gender, time to surgery, or position, had a significant
influence on the reoccurrence of CSDH during the follow-up
period. As for the position of the patients, 5 out of 6 of the
patients with reoccurring CSDH were initially operated on in
the supine position, while only one patient was operated on
in the sitting position (see Figure 2). As for other
characteristics of the patients and the surgical procedure,
there were no statically significant differences between the
patients with a positive outcome and those with reoccurring
CSDH.

The influence of the patients’ characteristics and
surgical procedure on the outcome was quantified by
calculating odds ratios (OR) with 95% confidence interval
(CI), as reported in Table 3. The patients’ characteristics,
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such as age and gender, were not significant predictors of the
reoccurrence. As far as the surgical procedure is concerned,
the location of CSDH, time to surgery, as well as the position
(supine or sitting), in our study neither of these had any
influence on the outcome.

100% 93%

908

69%

26 of patients

%
=

Supine Sitting

W No complications B Recurrent hematoma

Fig. 2 — The number of reoperations according to the
intraoperative position.
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Table 3
Factors influencing the outcome of the surgery in patients with chronic subdural hematoma (CSDH)
Parameter AI(ijtéir)]ts No c?r:nflzlcsz;tlons Recurr(zrr:t:hgr)natoma OR b (ratio) p (overall)
Age, years 72 (49-89) 70 (49-89) 76 (63-78) 1.00 (0.91;1.09) 0.973 0.920
Gender: 1.000
female 9 (29) 7 (28) 2 (33) Ref. Ref.
male 22 (71) 18 (72) 4 (67) 0.77 (0.11;7.31)  0.796
Location of CSDH: 0.833
bilateral 6 (19) 5 (20) 1(17) Ref. Ref.
right 15 (48) 11 (44) 4 (67) 1.65(0.17;53.5)  0.698
left 10 (32) 9 (36) 1(17) 0.58 (0.01;25.8)  0.750
Position: 0.172
supine 16 (52) 11 (44) 5 (83) Ref. Ref.
sitting 15 (48) 14 (56) 1(17) 0.18 (0.01;1.42)  0.111
All values are expressed as median (minimum-maximum) or number (percentage); OR — odds ratio (95% confidence
interval).
the wunderlying condition, therefore avoiding general
Discussion anesthesia and related complications.

CSDH drainage is one of the simplest neurosurgical
procedures, sometimes even performed by general surgeons
19 Apart from infection, a reoccurrence rate of up to 28%
after surgical treatment is one of the most common and the
most significant complications 3. We performed awake
craniostomy and drainage for CSDH in 31 patients, 9
females, and 22 males. The median age of patients was 72
years, and the gender distribution was in accordance with
previously published studies 2. Our study groups, based on
the position during surgery, were homogenous according to
age and gender distribution. Sixteen patients underwent the
surgical procedure in the supine position, while 15 patients
underwent surgery in the sitting position. The overall
reoccurrence rate was 19% (22% and 18% in females and
males respectively), 76 years being the median age of
patients with the reoccurrence, similar to previously
published studies 2°-%2. There was no statistically significant
difference in the hematoma reoccurrence based on the
patients’ general characteristics. We noted hematoma
reoccurrence in 5 patients operated on in the supine position,
and only in one patient operated on in the sitting position.
The intraoperative sitting position was related to the reduced
rate of reoccurrence, although this difference in our group of
patients was not statistically significant (see Table 3).

The most common patient-related risk factors for an
undesirable outcome of this procedure are chronic
alcoholism, seizure disorders, and  history of a
ventriculoperitoneal shunt 2% 2, The impact of diabetes
mellitus remains controversial 2> 2, Most studies suggest that
age, sex, hypertension, cardiac disease, and use of
anticoagulants or antiplatelets do not affect the reoccurrence
rate 2 2 put do influence the overall outcome 2.
Considering the age of the patients suffering from CSDH, it
can be expected that some patients undergoing surgery for
CSDH may not be able to undergo awake surgery under local
anesthesia in the supine or prone positions due to age-related
pathology (e.g. severe cardiac or pulmonary disease). In this
specific group of patients, the sitting position preserves the
benefits of the procedure under local anesthesia regardless of

Radiologic risk factors for CSDH reoccurrence include
a preoperative appearance of heterogeneous hematoma or
higher-density hematoma, greater midline shift, bilateral
hematomas, or postoperative appearance of poor brain
reexpansion or greater subdural air accumulation . Only
one of these risk factors, subdural air collection
(pneumocephalus) developed in the course of burr-hole
craniostomy, which is considered a sole predictor of
hematoma reoccurrence, can be prevented during the surgical
procedure 2. Controlled blood evacuation when the dural
incision is made at the vertex of CSDH, precludes the air
ingress into the subdural space. The CSDH vertex exposure
and incision are performed simply and reliably in the sitting
position through the burr hole positioned at the vertex
preventing uncontrolled blood spill and air ingress (Figure
3). Although head tilting also prevents air ingress, it is much
less comfortable for the patient, and is therefore difficult to
maintain in an awake patient. Our results suggest that
significant pneumocephalus formation is less likely to occur
in the sitting position with the head flexed. However, no
statistically significant correlation was found.

Surgical risk factors for CSDH reoccurrence include the
use of twist-drill as opposed to burr hole craniostomy or
craniotomy, although craniotomies predispose patients to
higher morbidity rates 2. Burr hole craniostomy is
considered to be related to shorter hospital stay, as well as to
lower reoccurrence rate °. Other surgical risk factors include
lack of or poor postoperative closed-system drainage. The
impact of intraoperative irrigation and postoperative patient
position (flat vs. upright) is controversial, although some
studies found no significant influence of postoperative
patient posture on the hematoma reoccurrence 2 222829 Qur
surgical technique was uniform in both groups of patients,
and included burr hole craniostomy and closed system
drainage and irrigation with saline solution to achieve the
best possible outcome in both groups of patients 7.

Complications are the main reason for avoidance of
wider use of the sitting position in surgery in general,
especially in neurosurgery 3. There are even guidelines and
protocols for anesthesiologists to reduce the complication
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Fig. 3 — Patient’s head positioning and potential air ingress during craniostomy.
The impact of flexion: A) Head in the sitting position with craniostomy positioned at the
vertex (prevents air ingress); B) Head in the supine position and posteriorly positioned
craniostomy (significant air ingress may occur); C) Head in the supine
position without flexion (significant air ingress may occur).

The impact of rotation: D) Head tilted towards the contralateral side (air ingress may be
prevented); E) Head tilted towards the contralateral side, nearly parallel to the table (air
ingress may be prevented); F) Prone position head appearance (prevents air ingress).

rates in patients positioned this way during surgery * 15,
Previous studies have analyzed the sitting position within
general anesthesia; therefore, many of the complications may
be related to the duration of the procedure and prolonged
sitting 1* 5. On the other hand, specific complications such
as tension pneumocephalus occur in the sitting position only
during the posterior fossa surgeries, when cerebrospinal fluid
(CSF) leak is not maintained under control 3 30,

Our study is the first to assess the sitting position when
craniostomy for CSDH is performed. No particular

Fig. 4 — Cranial roentgenogram after
craniostomy in the sitting position
(the arrow points at the burr hole).
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complication which could be attributed to the sitting position
was noted or revealed, probably due to the short duration of
the procedure (less than half an hour for single-sided, or less
than 45 min for bilateral CSDH), the awake state of the
patient (able to move the extremities when feeling the need),
and the burr hole placed at the vertex (Figure 4). For the
same reasons and because of uniqueness of our study, the
complications related to the sitting position in awake
craniostomy for CSDH cannot be compared to other studies
on procedures usually performed in the similar positions
until other studies on this procedure become available.

Study limitations

Regarding the limitations of the study, the most notable
is the small size of the group of patients. Being an initial
group undergoing CSDH treatment in the sitting position, the
results are encouraging but not statistically significant, and
should be taken with caution. Some bias avoidance was
achieved through the exclusion of patients with any
competing factors, considered to influence the outcome. The
impact of bilateral hematomas was considered in the
analysis, but these patients were considered as a single
patient, rather than two independent hematomas.

Future studies, preferably multicentered, randomized,
and performed on a larger number of patients, could verify
these findings. Multivariate analysis with the inclusion of
more factors affecting outcomes may provide additional
strength to the conclusions of the studies and should be
performed. This would allow for wider implementation and
use of the sitting position in CSDH treatment.
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Conclusion

The sitting position is comfortable and easily accepted

by the patient, leading to better patient-surgeon compliance
and cooperation, even if the patient is disoriented, which is
common in elderly neurosurgical patients. This study showed
that this positioning of patients during craniostomy may
reduce CSDH reoccurrence, possibly owing to the prevention
of subdural air formation. Therefore, the sitting position for

—_

10.

11.

12.

13.

14.

15.

craniostomy in CSDH could represent a viable alternative to
the more commonly used supine position, not resulting in a
higher percentage of complications.
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Fatal poisoning case involving drug interaction due to the inhibition of

cytochrome P450

Slucaj trovanja sa fatalnim ishodom koji ukljucuje interakciju lekova zbog

inhibicije citohroma P450

Hiroshi Kinoshita, Naoko Tanaka, Mitsuru Kumihashi, Mostofa Jamal,
Asuka Ito, Tadayoshi Yamashita, Kiyoshi Ameno

Kagawa University, Faculty of Medicine, Department of Forensic Medicine, Kagawa,
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Abstract

Introduction. Cytochrome P450 (CYP) enzymes ate re-
sponsible for the metabolism of various drugs and chemi-
cals. The forensic pathologist should consider not only
pharmacodynamic interactions by multiple drugs but also
the pharmacokinetic drug interactions of each drug in the
case of multiple drug ingestion. Case report. A female in
her forties, receiving therapy for alcohol dependence, was
found dead in her house. The medicolegal autopsy revealed
no findings suggestive of natural cause of death. Quantita-
tive toxicological analysis showed that levomepromazine,
promethazine, dextromethorphan, estazolam, clomipra-
mine, risperidone, and flunitrazepam concentrations in
femoral blood wete 0.750 pg/ml, 0.701 ng/mlL, 0.332
pg/mL, 0.390 ng/mlL, 0.216 pg/mlL, 0.031 ng/mlL, and
0.002 pg/mL, respectively, along with a blood ethanol level
of 377 mg/dL. Conclusion. We concluded that the cause
of death was the interaction between ethanol and multiple
psychotropic drugs. Pharmacokinetic drug interactions due
to the CYPs inhibition should be considered in the evalua-
tion of toxicity in poisoning cases involving multiple drugs.

Key words:

autopsy; cytochrome p-450 enzyme system; drug
interactions; ethanol; forensic pathology;
phenothiazines; poisoning; psychotropic drugs.

Apstrakt

Uvod. Enzimi citohroma P450 (CYP) su odgovorni za me-
tabolizam razli¢itih lekova i hemikalija. Forenzicki patolog
treba da razmotri ne samo farmakodinamske interakcije iz-
medu vise lekova vec i farmakokineticke interakcije svakog
leka u slucaju multiple ingestije lekova. Prikaz bolesnika.
Zena u 40-im godinama, na lecenju od zavisnosti od alko-
hola, nadena je mrtva u svojoj kuéi. Medikolegalnom autop-
sijom nisu nadeni znaci koji bi upudivali na prirodni uzrok
smrti. Kvantitativnom toksikoloskom analizom nadeno je
da su koncentracije levomepromazina, prometazina,
dekstrometorfana, estazolama, klomipramina, risperidona i
flunitrazepama u femoralnoj krvi bile: 0.750 pug/mL, 0.701
pg/mL, 0.332 ng/ml, 0.390 pg/mL, 0.216 ng/mlL, 0.031
pg/mL, i 0.002 ug/mlL, redom, uz etil alkohol u ktvi u kon-
centraciji od 377 mg/dL. Zakljucak. Zakljuéili smo da je
uzrok smirti bila interakcija izmedu etil alkohola i vise psi-
hotropnih lekova. Farmakokineticke interakcije lekova zbog
inhibicije CYP trebalo bi uzeti u obzir kod procene
toksi¢nosti u slucajevima trovanja koji ukljucuju ingestiju
vise lekova.

Kljucne reci:

autopsija; citohrom p-450; lekovi, interakcija; alkohol,
etil; patologija, sudska; fenotiazini; trovanje;
psihotropni lekovi.

Introduction

Fatal cases following multiple drug ingestion are some-
times observed in forensic casework. In such cases, the fo-
rensic pathologist should consider not only pharmacodynam-
ic interactions between multiple drugs but also the pharma-
cokinetic drug interactions of each drug . Cytochrome P450
(CYP) enzymes are responsible for the metabolism of vari-

ous drugs and chemicals, including psychotropic drugs 2.
CYP3A4 and CYP2D6 are two major enzymes involved in
drug metabolism 2 3, These two enzymes metabolize approx-
imately 50% of drugs 2. CYP2Dé6 is involved in the metabo-
lism of many psychotropic drugs, such as antipsychotic
agents, tricyclic antidepressants, opioids, and antiarrhythmic
agents * 5. Hence, inhibition of these enzymes results in sig-
nificant pharmacokinetic drug interactions, which can cause
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adverse reactions. Here, we report a case of death due to the
combined use of ethanol with multiple psychotropic drugs
and discuss the pharmacokinetic interactions among them.

Case report

A female in her forties was found dead in her house.
Subsequent police investigations revealed that the deceased
was receiving therapy for alcohol dependence. Although she
had been prescribed psychotropic drugs, such as estazolam,
flunitrazepam, levomepromazine, promethazine, and risperi-
done, she could not stop drinking. The medicolegal autopsy
revealed no injury except an old scar on her forehand. No
findings suggestive of natural disease and, consequently,
natural cause of death was not observed.

The deceased was 161 cm tall and had 84.5 kg. Her
heart weighed 386 g and contained 200 mL of blood without
coagulum. Her brain weighed 1,470 g and was slightly
edematous. The left and right lung weighed 475 g and 642 g,
respectively, and were congested. The stomach contained
foodstuff in greyish fluid (100 mL). There were no notable
changes in other organs other than congestion. A drug

carried out using Ekspert™ UltraLC 100-XL (Eksigent part
of AB Sciex, Framingham, MA, USA). An L-column2 ODS
(2.5 mm x 150 mm, 5.0 pm particle size, Chemicals Evalua-
tion and Research Institute, Tokyo, Japan) was used with a
mobile phase of solvent A (5% methanol containing 10 mM
ammonium formate) and solvent B (95% methanol contain-
ing 10 mM ammonium formate) with a flow rate of 0.1
mL/min. A QTrap® 4500 tandem mass spectrometer (AB
Sciex) was used to obtain the mass spectra. Quantitation of
ethanol was performed using headspace gas chromatography.

The toxicological analysis identified levomepromazine,
promethazine, dextromethorphan, estazolam, clomipramine
(and its metabolite desmethylclomipramine), risperidone
(and its metabolite paliperidone), flunitrazepam (and its me-
tabolite 7-aminoflunitrazepam), and acetaminophen in the
subject’s body fluid samples. Ethanol concentrations in
blood and urine were 377 mg/dL and 406 mg/dL, respective-
ly. Table 1 shows the quantification of each drug in the vic-
tim’s blood, along with the currently established fatal and
therapeutic levels ™.

Table 2 shows the metabolic enzymes for each drug and
the enzymes inhibited by each drug found in the patient’s blood.

Table 1
Concentrations of each drug and metabolite in the postmortem samples (ug/mL)
Drug Blood Urine Bile Stomach Therapelitic Toxic* Lethal*
contents range range range

Levomepromazine 0.750 0.056 2.206 41.493 0.005-0.2 0.4 0.5
Promethazine 0.701 0.062 1.501 15.847 0.05-0.4 1-2 1.8-54
Dextromethorphan 0.332 0.333 1.097 2.266 0.01-0.04 0.1 3
Estazolam 0.390  0.100 2.457 2.354 0.055-0.2 - 0.48
Clomipramine 0.216 0.023 1.912 1.928 0.02-0.4 0.4-0.6 1-2
Desmethylclomipramine 0.005 0.001 0.076 0.063 - - -
Risperidone 0.031 0.058 0.206 0.780 0.002-0.02 0.12 1.8
Paliperidone 0.015 0.057 0.470 0.149 0.02-0.06 0.12 -
Flunitrazepam 0.002  0.001 B.D.L 0.291 0.005-0.015 0.05 >0.16 **
7—aminoflunitrazepam 0.011 0.002 0.541 0.131 - -
Acetaminophen 0.065 7.491 12.203 B.D.L 5-25 100-150  200-300

* Therapeutic, toxic, and lethal ranges are cited 7 8; ** Lethal range includes the total of flunitrazepam and
7-aminoflunitrazepam °; B.D.L — below the detection limit.

Table 2

Enzymes involved in the metabolism of each drug and enzyme inhibition by each drug

Enzyme inhibition

Drug Metabolic enzyme
Levomepromazine CYP3A4 12
Promethazine CYP2D6 5

CYP1A2, CYP2D6, CYP3A4 512
CYP2D6 513

CYP2D6 4512

Dextromethorphan CYP2D6, CYP3A4 415
Estazolam CYP3A4 16
Clomipramine CYP1A2, CYP2C19, CYP2D6 4513
Risperidone CYP2D6, CYP3A4 %5

Flunitrazepam
Acetaminophen

CYP2C19, CYP3A4 Y7
CYP1A2, CYP2E15

screening test using a Triage™ (Biosite Diagnostic Inc., San
Diego, CA, USA) panel was positive for benzodiazepines.
Postmortem blood, urine, bile, and stomach content samples
were collected for toxicological investigation.

Toxicological analysis using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) was performed us-
ing a slightly modified method from that previously report-
ed®. In brief, the liquid chromatography separations were

Discussion

Analytical results indicated a fatal level of levome-
promazine and toxic levels of promethazine, dextrome-
thorphan, and estazolam in blood, while risperidone (and its
metabolite paliperidone) and clomipramine (and its metabo-
lite desmethylclomipramine) were in their therapeutic rang-
es, and flunitrazepam (and its metabolite  7-
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aminoflunitrazepam) and acetaminophen were below their
therapeutic ranges.

Levomepromazine is a phenothiazine derivative used as
an antipsychotic drug and has pronounced sedative effects.
Its overdose results in nausea, vomiting, coma, and convul-
sions 8 Promethazine is also a phenothiazine derivative that
is used as an antihistaminic, antiemetic, and sedative agent,
and can cause coma, respiratory depression, and circulatory
failure in overdose 8. These drugs, along with ethanol, exert
additive or synergistic effects, resulting in suppression of
central nervous system function 1°. Based on autopsy find-
ings and the results of the toxicological examination, we
concluded that the combined toxicity of ethanol and multiple
psychotropic drugs led to death in this case.

Most of the drugs are metabolized by CYPs 2 4 5 10-17,
However, many of these drugs also inhibit CYPs. Among
them, levomepromazine, promethazine, and clomipramine
have potent inhibitory effects on CYP2D6, and levomeprom-
azine also inhibits CYP3A4 5 11-13,

CYP2D6 is part of a group of enzymes responsible for
the metabolism of many drugs. Since more than 65 common-
ly used drugs are metabolized by this enzyme *#, considering
pharmacokinetic drug interactions in cases of multiple drug
ingestion is important. The subfamily of CYP3A (including
CYP3A4) is probably the most important of all drug-
metabolizing enzymes *.

Individual differences in the activity of CYP2D6 due to
genetic polymorphism have been reported, based on which
individuals are categorized as the following four phenotypes:
poor, intermediate, extensive, and ultrarapid metaboliz-
ers2 415 Dextromethorphan is a synthetic analogue of co-
deine, which is prescribed as an antitussive agent. It is also
used as a clinical probe for CYP2D6 phenotyping, as its ma-
jor metabolic pathway is mediated by both CYP2D6 and
CYP3A4%15, The postmortem blood concentration of dex-
tromethorphan in the present case was within the toxic range.

Life-threatening intoxication with dextromethorphan result-
ing from inhibition of CYP2D6 as a result of interactions of
other drugs has been clinically reported & *°, Based on previ-
ous evidence, it is speculated that the drug levels in the pre-
sent case might have been elevated due to the inhibition of
CYP2D6 by drugs such as levomepromazine, promethazine,
and clomipramine, and of CYP3A4 and CYP1A2 by levo-
mepromazine. The inhibitory effects of other drugs depend
on their dose and the ability of the inhibitor to bind to the en-
zyme, which usually occurs immediately after drug inges-
tion 3. Estazolam is a triazolobenzodiazepine derivative me-
tabolized by CYP3A4, and is prescribed for the short-term
management of insomnia; somnolence, respiratory depres-
sion, and coma are observed with its overdose & %8, In the cur-
rent case, blood estazolam level might also have been elevat-
ed due to the inhibition of CYP3A4.

We speculate that the accumulation of dextrome-
thorphan and estazolam in the patient’s blood was possibly
due to an inhibitory pharmacokinetic drug interaction. Thus,
these two drugs might also have contributed to the patient’s
death.

The present case showed that more attention should be
paid to the interactions between multiple psychotropic drugs.

Conclusion

We concluded that the cause of the patient’s death was
the interaction between ethanol and multiple psychotropic
drugs. Pharmacokinetic drug interactions due to the inhibi-
tion of CYPs should be considered in the evaluation of tox-
icity.
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Acute intermittent porphyria — A case report

Akutna intermitentna porfirija
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Abstract

Introduction. Acute intermittent porphyria is a rare inher-
ited metabolic disorder caused by a decreased level of por-
phobilinogen deaminase. Subsequent accumulation of by-
products in neural elements causes a classic triad of ab-
dominal pain, neurological dysfunction, and psychiatric dis-
turbances. Case report. A 22-year-old female patient with
convulsions, episodes of blindness and progressive devel-
opment of quadriparesis, bulbar paralysis, and respiratory
failure was admitted to our intensive care unit twelve days
after undergoing colon resection at the local hospital. The
diagnosis was confirmed by a high level of porphobilinogen
in urine. Previous use of oral contraceptives, antidepres-
sants, and thiopental as induction agents for general anes-
thesia could represent precipitating factors. The patient was
treated conservatively with high carbohydrate intake and
human hemin. Six months after admission, the patient was
transferred to the Department of Physical Medicine and
Rehabilitation. Conclusion. Early diagnosis of acute inter-
mittent porphyria is the cornerstone for successful treat-
ment. The next step includes adequate therapy followed by
the prevention of attacks.

Key words:

diagnosis, differential; neurologic manifestation;
porphyrias; porphyria, acute intermittent;
porphobilinogen; risk factors; treatment outcome.

Apstrakt

Uvod. Akutna intermitentna porfirija je redak nasledni
metabolicki poremecaj uzrokovan nedostatkom porfobilin-
ogen deaminaze. Posledi¢no nakupljanje meduproizvoda u
nervnim strukturama dovodi do trijasa klinickih simptoma:
bol u trbuhu, neuroloski ispadi i psihijatrijski poremecaji.
Prikaz bolesnika. Dvanaest dana nakon resekcije debelog
creva u lokalnoj bolnici, 22-godisnja bolesnica primljena je u
jednicu intenzivnog lecenja zbog konvulzija, epizoda slepila
i progresivne razvojne kvadripareze, bulbarne paralize i res-
piratorne insuficijencije. Dijagnoza je postavljena na osnovu
visokog nivoa porfobilinogena u mokraci. Prethodna upo-
treba oralnih kontraceptiva, antidepresiva i tiopentala kao
indukcionog agensa u ops$toj anesteziji mogli su biti precipi-
tirajuéi faktori. Bolesnica je le¢ena konzervativno visokim
unosom uglienih hidrata i humanim heminom. Sest meseci
posle prijema prebacena je na Odeljenje fizikalne medicine 1
rehabilitacije. Zaklju€ak. Postavljanje rane dijagnoze je os-
novni korak uspesnog lecenja napada akutne intermitentne
portfirije. Sledeé¢i korak podrazumeva adekvatnu terapiju,
pracenje i prevenciju nastanka ponovnih napada.

Kljucne redi:

dijagnoza, diferencijalna; neurolos$ke manifestacije;
potfirija; porfirija, akutna, intermitentna;
porfobilnogen; faktori rizika; leCenje, ishod.

Introduction

Porphyrias are rare inherited or acquired disorders
caused by partial deficiency of enzymes in the biosynthesis
of heme. There are cutaneous and neurological forms of the
disease. However, generally looking, the disease is a result of
enzyme dysfunction of the same biosynthetic pathway, but
differences in organ affection are from mistakes in different
isoenzymes of one enzyme, different processing of mRNA,

and different microenvironment in cell matrix 1. Acute
intermittent porphyria (AIP) is a rare autosomal dominant
disorder. Prevalence in Europe is 1-2 per 100,000 (highest is
in Scandinavia with 1 per 1,500) >,

Case report

A 22-year-old female patient was admitted from the local
hospital under suspicion of developing sepsis. After
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interviewing her parents, we found out that, at the
beginning of the year, she had laparoscopic surgery of ovarian
cysts and subsequently received advice to take oral
contraceptives (one of the main provoking factors). After just a
few weeks, she stopped the suggested therapy because of
nausea, vomiting, apathy, and sleepiness. Three months later,
she was hospitalized in a local hospital with significant
epigastric pain and vomiting, back pain, and constipation that
lasted for four days. During her hospital stay, she had also
suffered from insomnia and hallucinations. The ward doctor
consulted a psychiatrist who established the diagnosis of the
somatoform disorder and prescribed her sulpiride (Eglonyl®,
Alkaloid AD, N. Macedonia), one of the porphyrinogenic drugs.
After series of medical tests and examinations, the patient was
discharged with the diagnosis of biliary gastritis. The next day,
at the request of her parents, she was admitted to a higher-level
hospital in a town nearby due to further worsening of the
abdominal pain and the appearance of a new symptom —
inability to climb the stairs (due to proximal neuropathy).
Computed tomography (CT) scan of the abdomen revealed
widening of the transverse colon, which was interpreted as toxic
megacolon, and the patient underwent a transversal colon
resection. Twelve days later, she was transferred to our hospital.

Upon admission, the patient was awake, had brief periods
of confusion, dyspneic with SpO, 85% on room air, blood
pressure 160/100 mmHg, heart rate 140/min, body
temperature 37.7°C, central venous pressure (CVP) 6 cmH.0,
abdominal pain, active peristalsis, intestinal contents visible on
stoma, and light yellow urine in urine bag. Laboratory values
were: erytrocyte sedimentation rate (ESR) 47 mm/h, C-
reactive protein (CRP) 119 mg/L (normal range less than 5
mg/L), leukocytes 17.4x10%L (normal range 3-12 x 10°%L),
pH=7.38 (normal range 7.35-7.45), PaCO,=52 mmHg
(normal range 38-42 mmHg), PaO,=119 mmHg (hormal
range 75-100 mmHg), HCO5 = 30.8 mmol/L (normal range
23-29 mmol/L).

After admission, the patient had episodes of epileptiform
seizures that lasted for a few minutes, and they were
accompanied by apnea and complete loss of responsiveness.
CT of thorax, abdomen, and pelvis revealed bilateral pleural
effusions and pneumothorax on the right side, which was
drained with a chest tube. After consulting with a neurologist,
a CT scan of her head, electroencephalography (EEG) and
electromyoneurography (EMNG) were performed. On the next
day, further deterioration with more episodes of convulsions,
quadriplegia, bulbar paralysis, and respiratory failure occurred,
and eventually, intubation and mechanical ventilation were
applied. We took blood cultures, smears, and 24 h collection
of urine for porphobilinogen.

Brain CT scan revealed signs of suprasellar subarachnoid
recession in the sella turcica and parenchymal cortical
reduction frontally, bilaterally. There were no areas of
demyelination.

EEG finding was well expressed with minor diffuse
dysfunction and elevated irritability of frontal regions
bilaterally. EMNG findings showed a loss of conduction in the
proximal group of muscles with the existence of spontaneous
muscle activity and preserved sensory fibres. Finally, when the

results of porphobilinogen in urine arrived (904 pg/24 h, and
normal values are less than 150 pg/24 h) diagnosis of acute
porphyria was made.

Hyponatremia, present from the beginning, was treated
with 3% saline infusions and specific therapy with 10% and
50% dextrose i.v. along with enteral feeding and
administration of human hemin (Normosang® 25 mg/mL,
Orphan Europe SARL, Puteaux, France) in the dose of 4
mg/kg/day, four days in a row. Therapy with Normosang®
was given on two occasions, after 30 days and after three
months. The first dose led to a minimal improvement in
clinical symptoms, while the second dose had a better effect.

The patient was tracheotomized, and a percutaneous
endoscopic gastrostomy was done. After 160 days of intensive
care, she was transferred to the Department of Physical
Medicine and Rehabilitation. The patient was discharged from
the Intensive Care Unit with spontaneous breathing, an act of
swallowing, and movements in all extremities (Figures 1 and 2).

Fig. 1 — Patient on discharge
from the Intensive Care Unit.

Fig. 2 — Patient with renewed
movements in the extremities.
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Discussion

AIP symptomatic is mainly heterozygotes and rarely
homozygotes. It is characterized by a long latent period, and
symptoms become manifested after puberty in the third and
fourth decade of life after exposure to some provoking factors
5. There are no cutaneous manifestations. AIP is a metabolic
disorder caused by a deficiency of porphobilinogen deaminase
(PBGD). Patients with AIP have acute attacks of neurovisceral
symptoms (affection of the autonomic nervous system)
followed by a high level of porphyrin precursors in urine. The
first presentation of the disorder is in 85%-95% abdominal
pain and in 45% peripheral neuropathy with motor weakness.
The exact mechanism of neuronal damage is unknown; one of
the proposed theories is the crystallization of byproducts in
neural structures 58,

A variety of clinical presentation is considerable:
abdominal pain, nausea, vomiting, paralytic ileus, urinary
retention or incontinence, tachycardia, arterial hypertension,
sweating, tremor, postural hypotension, peripheral
neuropathy (proximal because of axonal degeneration and
demyelination), sensory neuropathy (paresthesias and
dysesthesias), cranial neuropathy (VII and X), periodical
cortical blindness (caused by vasospasm), epileptiform
seizures and rarely bulbar paralysis, and death ™2

Deficiency of PBGD is not enough for clinical
manifestation; there must be a presence of provoking factors:

medications (inductors of P450 cytochrome oxidase), fasting,
hormones (progesterone), smoking, alcohol, or metabolic
stress (infection, surgery, psychological stress) .

Diagnosis is based on clinical presentation and a high
level of urine porphobilinogen. The most relevant thing is the
high level of clinical suspicion ®°,

Treatment consists of the following steps: review all
medications and discontinue any that can exacerbate acute
porphyria, restore energy balance using an enteral route if
possible, if not, apply dextrose in the dose of 300-400 g/day
i.v., hemin 3-4 mg/kg i.v., given once a day for four days in
order to prevent future attacks (treat intercurrent infections
and other diseases promptly) %12,

Chronic complications are hepatocellular carcinoma
and renal failure 314,

Conclusion

AIP is capable of mimicking a wide variety of medical
conditions. It is important to have a high index of clinical
suspicion and then, with a relatively simple biochemical test,
confirm the diagnosis of AIP. Specialized care and
prevention of future attacks are cornerstones of favorable
outcomes. Nevertheless, we need more research in the future
in order to obtain new therapeutic opportunities and detect
parameters for monitoring the effects of therapy and
prediction of outcome.
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Abstract

Introduction. An inflaimmatory myofibroblastic tumor
(IMT) is a rare mesenchymal tumor of unclear etiology,
which demonstrates myofibroblastic differentiation accom-
panied by inflammatory cells. IMT is a frequent primary lung
tumor in children and is of nonspecific symptomatology and
imaging methods. Its definitive diagnosis requires histo-
pathology and immunohistochemistry of the tissue sample
obtained after a rigid bronchoscopy or after complete surgical
resection. Case report. A 16-year-old male patient was ad-
mitted to our clinic for further treatment of IMT verified by
rigid bronchoscopy. He had previously been treated at anoth-
er institution for left-sided pneumothorax with thoracic
drainage. Since it had not resulted in lung reexpansion, a chest
computed tomography was performed followed by rigid
bronchoscopy that eventually established IMT diagnosis in
the distal part of the left main bronchus. Since the tumor sut-
rounded the left lobar carina and infiltrated the pulmonary ar-
tery, pneumonectomy was undertaken. Its morphology and
immunoprofile determined the IMT diagnosis. Four years af-
ter surgical resection, the patient showed no recidivism of the
illness. Conclusion. IMT is one of the most frequent primary
lung tumors in children and needs to always be suspected up-
on. Pneumothorax can appear as an IMT manifestation. Its
occurrence could be the consequence of either a visceral
pleura lesion in case of peripheral tumors or a ball valve
mechanism in case of endobronchial tumors. Definitive diag-
nosis of IMT requires not only histopathology but also im-
munohistochemical analysis. Complete surgical resection re-
sults in the best sutvival rates. Further monitoring of patients
is necessary due to the risk of recurrence.

Key words:
adolescent; diagnosis; lung neoplasms; pneumothorax;
pneumonectomy; treatment outcome.

Apstrakt

Uvod. Inflamatorni miofibroblastni tumor (IMT) je redak
mezenhimalni tumor, nejasne etiologije, koji pokazuje mio-
fibroblastnu diferencijaciju udruzenu sa inflamatornim celi-
jama. IMT je cest primarni tumor pluéa kod dece i
nespecificne je simptomatologije kao i radioloskog nalaza.
Za definitivhu dijagnozu potrebna je histopatoloska i
imunohistohemijska obrada materijala dobijenog nakon rig-
idne bronhoskopije ili nakon kompletne resekcije tu-
mora. Prikaz bolesnika. Bolesnik, star 16 godina, primljen
je u nasu ustanovu radi nastavka lecenja IMT dokazanog
rigidnom bronhoskopijom. Prethodno je bio lecen tora-
kalnom drenazom zbog levostranog pneumotoraksa u dru-
goj ustanovi. Posto reekspanzija pluc¢a nije bila ostvarena,
ucinjena je kompjuterizovana tomografija grudnog kosa, a
potom i rigidna bronhoskopija kojom je postavljena di-
jagnoza IMT u distalnom delu levog glavnog bronha. Zbog
zahvatanja leve lobarne karine i pluéne arterije, ucinjena je
leva pneumoncktomija. Morfoloskom 1 imunohisto-
hemijskom analizom dokazan je IMT. Bolesnik je bio bez
recidiva cetiri godine nakon operacije. Zaklju¢ak. Na IMT
treba uvek posumnjati u de¢ijem dobu jer je jedan od
najc¢es¢ih primarnih tumora pluca kod dece. Pneumotoraks
se moze javiti kao manifestacija IMT. Njegova pojava mogla
bi biti posledica lezije visceralne pleure u slucaju perifernih
tumora ili posledica valvularnog mehanizma kod endo-
bronhijalnih tumora. U cilju postavljanja definitivne di-
jagnoze, osim histopatoloske, neophodna je i imunohisto-
hemijska analiza. Kompletna hirurska resekcija daje najbolju
mogucnost za prezivljavanje. Zbog moguénosti recidiva ne-
ophodne su dalje kontrole ovih bolesnika.

Kljucne redi:
adolescenti; dijagnoza; pluca, neoplazme;
pneumotoraks; pneumonektomija; leCenje, ishod.
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Introduction

An inflammatory myofibroblastic tumor (IMT) is a rare
tumor. Its occurrence is more frequently documented in chil-
dren than in adults »2. It usually manifests as peripheral
nodes, less so endobronchially 35, The etiology of IMT is
uncertain. According to the classification of the World
Health Organization (WHO), IMT is defined as an interme-
diate soft tissue tumor that demonstrates myofibroblastic dif-
ferentiation accompanied by inflammatory cells, plasma
cells, and lymphocytes ®. It presents with nonspecific symp-
tomatology, including cough, high fever, dyspnea, pneumo-
nia, and chest pain 5. Chest X-ray and computed tomogra-
phy (CT) scan are not sufficient to determine it. Definitive
diagnosis requires histopathology and immunochemical
analysis of the adequate tissue obtained after rigid bronchos-
copy and surgical procedure. Surgical resection is the meth-
od of choice in IMT treatment >4, We report a 16-year-old
male patient with IMT in the lung manifested as a left-sided
pneumothorax.

Case report

A 16-year-old male patient was admitted to our clinic
for further diagnostics and treatment of IMT previously veri-
fied by rigid bronchoscopy.

The patient was originally hospitalized at another institu-
tion because of the left-sided spontaneous tension pneumotho-
rax accompanied by pain, weakness, and cough. Thoracic
drainage was performed, and because it did not result in lung
reexpansion within a day, further tests were undertaken (Fig-
ure 1). Prior to hospitalization, the patient was experiencing
weakness, chest pain, and cough to a smaller degree for a
month. He had no history of lung diseases, thoracic trauma, or
medical intervention that could have caused pneumothorax.

Fig. 1 — Chest X-ray showing left-sided
pneumothorax and thoracic drain.
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Thorax CT scan showed almost complete obstruction of
the left main bronchus in its distal part by a hypodense soft-
tissue tumor with dimensions 28 x 25 x 22 mm. On the neo-
plasm periphery, three amorphous calcified formations were
detected, with the largest being 8 mm in diameter. The upper
left lobe was atelectatic, while the lower was compressed
with present pneumothorax (Figure 2).

Fig. 2 — Computed tomography showing tumor almost
completely obstructing left main bronchus and
pneumothorax with atelectasis of the left upper lobe.

During rigid bronchoscopy, the tumor was seen as an
off-white endobronchial mass in the left main bronchus lo-
cated 4 cm from the carina of the trachea. Microscopically,
according to its morphology and immunoprofile, the detected
tumor was consistent with IMT with the understanding that
its biological characteristics will be determined by surgical
resection.

Laboratory analysis values fell within their respective
reference intervals.

The patient was then referred to our clinic, where left
pneumonectomy was performed by posterolateral thoracot-
omy after a completed preoperative procedure. Macroscopi-
cally, we noticed atelectasis of the upper left lobe that was
unexpandable under positive airway pressure while the lower
lobe was expandable. Visceral and parietal pleura were with
no significant changes. A small amount of serous pleural ef-
fusion was present. Tumor location indicated pneumonecto-
my because it surrounded the left lobar carina and infiltrated
the pulmonary artery. Neoplasm characteristics were con-
sistent with endoluminal and intrapulmonary growth pat-
terns. A solid off-white tumor was well separated from the
surrounding lung tissue and was of dimensions 28 x 20 x 20
mm. The tumor did not spread to the visceral pleura. Micro-
scopically, the tumor nodule was covered by regular respira-
tory epithelial cells (Figure 3a). The unencapsulated tumor
consisted of a mixture of spindle cells in fascicles and those
in storiform patterns. As expected, tumor cells had abundant
light eosinophilic cytoplasm, oval nuclei, and inconspicuous
nucleoli. Mitosis and cytologic atypia were not noticed. An
inflammatory infiltrate containing numerous lymphocytes
and a prominent number of plasma cells was between spindle
mesenchymal cells. Histiocytes were also obtained, including
some Touton-type giant cells (Figure 3b). Immunohisto-
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chemically, all tumor cells expressed vimentin (Figure 3c),
and most of them smooth-muscle-actin (SMA) (Figure 3d).
Anaplastic lymphoma kinase (ALK) expression was detected
in some tumor cells (Figure 3e). Ki67 was expressed in less
than 10% nuclei of spindle tumor cells (Figure 3f).

The postoperative course of a surgical treatment pro-
ceeded with no complications. The patient was released from
the hospital on the eighth postoperative day. In regular fol-
low-up visits, four years after the procedure, the patient
showed no recidivism of the illness.

Various autoimmune diseases, trauma, as well as infec-
tions caused by Mycobacterium tuberculosis and other myco-
bacteraa, Mycoplasma spp., Pseudomonas aeruginosa, Actino-
mycetes, Nocardia spp., Epstein-Barr virus, and human herpes-
virus are also believed to be linked to IMT occurrence 23,

The clinical report is nonspecific. Around 40-50% of
IMT patients are asymptomatic 2° when it is accidentally
discovered, while in other patients, it is manifested through
cough, pain, hemoptysis, weakness, difficulty breathing,
pneumonia, weight loss, and arthralgia 3. Endobronchial

Fig. 3 — a) Endoluminal growth pattern of tumor, covered by respiratory epithelia [hematoxylin &
eosin (HE), x10]; b) Mixed cellularity of pseudotumor, spindle, and inflammatory cells (HE, x40);
¢) The mesenchymal origin of the tumor was confirmed by vimentin (x20); d) Tumor cells originate
from myofibroblasts [smooth-muscle-actin (SMA), x20]; ) Some tumor cells express anaplastic
lymphoma kinase (ALK, x40); f) Ki67 is expressed in less than 10% nuclei of tumor cells (x40).

Discussion

IMT is a rare tumor of the mesenchymal original that
more frequently occurs in children than in adults . Of all re-
ported IMTs, 35% were recorded in children under the age of
15 2. It is most commonly manifested as peripheral nodes in
the lungs while much less so endobronchially 3. In reported
child cases, IMT accounts for around 20% of all primary
lung tumors 7. There are no gender differences in its inci-
dence ’. It gets detected most typically in the second decade
of life 3,

The etiology of IMT is uncertain. According to the
WHO classification from 2013, IMT is defined as an inter-
mediate soft tissue tumor that demonstrates myofibroblastic
differentiation accompanied by inflammatory cells, plasma
cells, and lymphocytes ©.

It is considered that several genes and chromosomal
abnormalities are linked to IMT occurrence. It is shown that
chromosome translocation of ALK genes is present in around
50% of the reported IMT cases .

Recent studies have described fusions involving the
ROS1 and PDGFRp genes in a subset of ALK-negative cas-
es 1. Change in HMGIK (HMGAZ2) gene is also documented &,
Aneuploidy is present in around half of the IMT patients and
points to a tumor with aggressive behavior °.

tumor location is associated with the earlier manifestation of
mentioned symptoms and a smaller percentage of asympto-
matic cases, only around 21%, as opposed to the peripheral
oneS.

In the literature, we were able to find only two cases of
reported IMT associated with pneumothorax. In the first
case, regarding peripheral tumor location, persistent pneumo-
thorax existed, and its occurrence was explained by chronic
visceral pleura lesion that was the result of repeated lung
reexpansion and collapse accompanied by inflammation °.
The significance of IMT on that lesion and pneumothorax
development is unclear. We think that the peripheral IMT lo-
cation could bring about chronic visceral pleura lesion and
consequent pneumothorax. In the other reported case, the
tumor was developed endobronchially in the presence of
subcutaneous emphysema. It was hypothesized that, in this
case, pneumothorax is a consequence of ball valve mecha-
nism with subsequent air obstruction and alveolar rupture °.
We consider this to be a pneumothorax development mecha-
nism in the case of our patient, as well as subsequent com-
plete upper lobe bronchus obstruction that could explain lung
reexpansion inability after thoracic drainage and applied pos-
itive airway pressure during surgery. The existence of subcu-
taneous emphysema in the mentioned case could be ex-
plained by peribronchial air expansion further across medias-
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tinum towards the neck and subcutaneous tissue, which did
not happen in the case of our patient.

Chest radiographs are nonspecific as well. IMT is usu-
ally seen as a peripheral, solitary, lobulated, sharply circum-
scribed mass predisposed towards lower lobes 3.

Thorax CT scan is significant in determining the precise
location of the lesion and its scope. The tumor manifests itself as
a nonspecific heterogeneous mass with different contrast en-
hancement. Notable calcifications are infrequent, reported in
only 15% of the cases , and more common in children than
adults 3. Lymphadenopathy is rarely documented . Multiple
lesions are observed in 5% of the reported cases, and endobron-
chial involvement exists in 10% of the noted cases 2. In the case
of our patient, both endobronchial and intrapulmonary compo-
nents of the tumor with peripheral calcifications were discerned.

Due to its nonspecific symptomatology and thus late di-
agnosis and treatment, its spreading towards mediastinum 3
is possible as was observed in our patient.

Radiographs, CT scans, fiberoptic bronchoscopy, and fi-
ne needle aspiration biopsy are usually not sufficient for defin-
itive diagnosis. However, rigid bronchoscopy is advised when
dealing with endobronchial tumors. It produces adequate tis-
sue samples and facilitates definitive IMT diagnosis in over
80% of those cases *. In the case of our patient, rigid bron-
choscopy was undertaken at the institution he was treated at
before transferring to ours, and the obtained results supported
IMT diagnosis, which was confirmed after surgical resection.

The established diagnosis of IMT was concluded upon
surgical tumor specimen according to its growth pattern,
morphology, and immunoprofile.

The characteristic morphology of this mostly unencap-
sulated tumor is a mixture of spindle cells with fascicular and
storiform patterns and collagen, accompanied by lympho-
cytes, plasma cells, and histiocytes. We confirmed mesen-
chymal proliferation by vimentin expression and its myofi-
broblastic origin by focal SMA expression 2. ALK was ex-
pressed in some tumor cells. It was reported that ALK was
expressed in some tumor cells in 40% of the IMT cases .
No expression of S-100 protein excluded its neuroectodermal
origin. The absence of cytokeratin-AE1/AE3 excluded lung
spindle cell carcinoma, while its focal expression could be
found in some cases of IMT. Its focal immunopositivity is
potentially explained by alveolar entrapment. Ki67 was ex-
pressed in less than 10% of tumor cells, and that was a rea-
son for 3-6-month follow-up visits due to the risk of IMT re-
currence. The guidelines for IMT diagnosis followed the
2004 and 2015 WHO classification of lung tumors 1% 4,

The method of choice in IMT treatment is complete
surgical resection. The 5-year postoperative survival rate is

91.3%, while recidivism rates are between 4% and 13% and
are associated with incomplete surgical resection * °,

When the complete resection is not doable or in the case
of tumor recurrence or comorbidities, medical therapy alone or
in combination with radiation needs to be considered.

Effects of nonsurgical IMT treatments are based upon
single case reports and a small number of patients. There-
fore, it is hard to talk about their contribution to future rec-
ommendations.

Carboplatin and paclitaxel chemotherapy could be used
in certain cases, but generally, it did not provide satisfactory
results. It is implemented in the treatment of recidivism and
unresectable cases . The application of vinorelbine and
methotrexate has also shown success in certain IMT cases .

The use of corticosteroids is controversial because it re-
sulted in complete tumor regression in certain cases 8 while,
in other cases, it resulted in further tumor progression °.

Nonsteroidal anti-inflammatory drugs (NSAID), such
as celecoxib, due to its antiangiogenic effects, were imple-
mented in some ALK and ROS-1 negative patients 2°. In
ALK and ROS-1 positive patients, the use of tyrosine kinase
inhibitor crizotinib produces certain positive effects .

Radiotherapy is used in patients when surgical treat-
ment is not applicable, when recidivism is detected, or in the
case of metastatic tumor *.

IMT could be of different malignant potential, but it
could generally be said that it has a benign course. Rare cas-
es of distant metastases and spontaneous remission have
been documented 3 4. The possibility of recidivism calls for
further monitoring of these patients.

Conclusion

The inflammatory myofibroblastic tumor is one of the
most frequent primary lung tumors in children, and it always
needs to be suspected upon. Patients could be asymptomatic
or manifest nonspecific symptomatology, such as cough,
dyspnea, chest pain, exertion, and respiratory infections.
Pneumothorax could be one of the IMT manifestations. Its
occurrence could be the consequence of either a visceral
pleura lesion in the case of peripheral tumors or a ball valve
mechanism in the case of endobronchial tumors. Definitive
diagnosis of IMT and treatment methods require not only
histopathology but also immunohistochemical analysis.
Complete surgical resection as a treatment of choice has, as a
result, the best survival rates. Medical and radiation therapy
are documented to be less effective and are used in selective
cases. Further monitoring of patients is necessary due to the
risk of recurrence.
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Katamenijalni pneumotoraks nakon visestrukih neuspesnih ciklusa vantelesne
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Abstract

Introduction. Catamenial pneumothorax is spontaneous
pneumothorax occurring within 72-96 h before and after
menstrual bleeding. It is frequently associated with thoracic
endometriosis. However, certain cases are not associated with
any identifiable thoracic pathology. Case report. A 42-year-
old woman with a history of pelvic endometriosis presented
with sudden cough and shortness of breath on the first day of
menstrual bleeding. Chest radiography revealed a complete
right pneumothorax. The patient had previously undergone 7
failed 7n vitro fertilization cycles. Video-assisted thoracoscopic
surgery showed pulmonary bullous lesions and a diaphrag-
matic fenestration. Atypical resection of the pulmonary apex
was performed by an endostapler. Diaphragm plication was
performed using Ethibond sutures. Definitive histopathologi-
cal examination of the pulmonary tissue was negative for en-
dometriosis. A postoperative course of gonadotropin-
releasing hormone (GnRH) agonist triptorelin was adminis-
tered during a period of 6 months. The patient's postopeta-
tive recovery was uneventful, without recurrence of pneumo-
thorax to this day. Conclusion. There is a possibility that
ovarian hyperstimulation caused the rupture of the pulmo-
nary bullae. The patient may have developed endometriotic
diaphragmatic fenestrations, activated by ovarian hyperstimu-
lation, leading to pneumothorax. Farly diagnosis and timely
surgical treatment dealing with all thoracic pathology, as well
as adjuvant hormonal treatment, may reduce the recurtence
rate of catamenial pneumothorax.

Key words:
catamenial pneumothorax; fertilization in vitro;
endometriosis; thoracic surgery, video-assisted.

Apstrakt

Uvod.  Katamenijalni  pneumotoraks je  spontani
pneumotoraks nastao u periodu od 72-96 h pre ili nakon
menstrualnog krvarenja. Cesto je povezan sa torakalnom
endometriozom. Medutim, u pojedinim slucajevima nije
identifikovana torakalna patologija. Prikaz bolesnika.
Bolesnica, stara 42 godine, sa prethodnom pelvicnom
endometriozom javila se zbog naglog kaslja i osecaja
nedostatka vazduha prvog dana menstrualnog ciklusa.
Rendgenski snimak grudnog kosa prikazao je kompletni
desnostrani pneumotoraks. Pre ovog dogadaja, bolesnica
je prosla 7 neuspesnih ciklusa vantelesne oplodnje. Video-
asistirana torakoskopija pokazala je bulozne lezije pluca i
fenestraciju dijafragme. Ucinjena je atipi¢na resekcija
pluénog vrha endostaplerom, kao i plikacija dijafragme
Ethibond $avovima. Definitivni histopatoloski pregled
tkiva nije dokazao endometriozu. Postoperativno, u toku 6
meseci, bio je primenjen triptorelin, agonist gonadotropin-
releasing (oslobadajuceg) hormona (GnRH). Postoperativni
tok je bio wuredan, bez recidiva pneumotoraksa.
Zakljucak. Postoji moguénost da je ovarijalna
hiperstimulacija izazvala rupturu pluénih bula. Takode,
moguée je da je bolesnica imala endometriozne
fenestracije dijafragme aktivirane ovarijalnom
hiperstimulacijom, $to je dovelo do pneumotoraksa. Rana
dijagnoza i pravovremeni hirurski tretman, kao i
adjuvantna hormonska terapija, mogu smanjiti stopu
recidiva katamenijalnog pneumotoraksa.

Kljucne reci:
katamenijalni pneumotoraks; oplodenje in vitro;
endometrioza; hirurgija, torakalna, video-asistirana.
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Introduction

Catamenial pneumothorax (CP) is a term used to describe
the occurrence of spontaneous pneumothorax during the period
of 72-96 h before and after menstrual bleeding *. Traditionally,
CP was considered a rare entity (not exceeding 3-6% of all
spontaneous pneumothorax cases) 2, probably owing to a
decreased disease awareness, as well as underdiagnosis 3. CP is
usually seen in women aged 32-35 %, most commonly affecting
the right lung * 5 Haga et al. ® suggested 4 criteria for
distinguishing CP from spontaneous pneumothorax: right-sided
pneumothorax, history of pelvic endometriosis, 31 years of age
or older, and no history of smoking. CP is often associated with
thoracic endometriosis (TE) *. TE is explained through several
plausible mechanisms: migration of endometrial cells (through
the fallopian tubes and the diaphragmatic fenestrations caused
by the cyclical proliferation and necrosis of the diaphragmatic
endometriotic foci), hematogenous microembolization, and
lymphatic metastasis 1. CP is the most common clinical
manifestation of TE &%, Pelvic endometriosis is described in
20-70% of CP patients — similar to TE, which is not always
confirmed in cases of CP (either macroscopically or
histologically) 2. There are opinions that the histopathological
diagnosis of TE can be made only if both endometrial stroma
and glands are present in the examined tissue, while the
presence of stroma alone yields only a "probable" diagnosis *2.

Certain cases of CP may present with no identifiable
thoracic pathology *. Theoretical explanation of CP occurring
independently of TE takes into account the physiological effect
of prostaglandin E2 secreted during menses (causing
bronchoconstriction and subsequent alveolar damage, especially
in blebs) *#, as well as possible passage of air from the fallopian
tubes through congenital fenestrations in the diaphragm 1. A
case of pneumothorax occuring after multiple in vitro
fertilization (IVF) attempts is described herein, with a discussion
of potential pathophysiological mechanisms.

Case report

In January 2018, a 42-year-old woman presented
with sudden cough and shortness of breath on the first day
of menstrual cycle. A chest radiography revealed a
complete right pneumothorax (Figure 1). The patient's
history was positive for pelvic endometriosis [presenting

—_—

-

Fig. 1 — Chest radiography showing a
complete right pneumothorax.

as bilateral ovarian cysts which were extirpated
laparoscopically in 2010, followed by treatment with a
gonadotropin-releasing  hormone  (GnRH)  agonist
goserelin]. The patient denied having previous
pneumothoraces. During the period between 2010 and
2018, she underwent 7 failed IVF cycles.

On admission, she was treated primarily with a chest
tube (Figure 2), followed by video-assisted thoracoscopic
surgery (VATS) to explore the right hemithorax. The apex
of the right lung showed bullous lesions (Figure 3), and an
area of fenestration was noticed in the right tendinous
portion of the diaphragm (Figure 4). An atypical resection
of the pulmonary apex was performed with an endostapler.
Also, diaphragm plication was performed with Ethibond
sutures. The lung tissue was examined histologically ex
tempore, with several tissue fragments showing the
structure suggestive of endometriosis on hematoxylin and
eosin stain. However, the definitive histopathological
examination of the resected tissue showed bullous changes
without definitive signs of endometriosis (lack of
endometrial glands or stroma, as well as the negative
immunohistochemical test for estrogen receptors). A
postoperative course of GnRH agonist triptorelin was
administered during the period of 6 months. The patient's
postoperative recovery was uneventful, without a
recurrence of pneumothorax to this day.

—

Fig. 2 — Chest radiography showing
the resolution of pneumothorax
after chest tube placement.

Fig. 3 — The right pulmonary apex seen during video-
assisted thoracoscopic surgery, showing bullous lesions.
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Fig. 4 — The right portion of the central tendon of the
diaphragm showing a fenestration (red arrowhead).

Discussion

To the best of our knowledge, this is the fourth report of
CP occurring after IVF attempts. Garg and McKenzie
Gray ©® reported a case of a 26-year-old woman with a
history of pelvic endometriosis, presenting with two episodes
of CP which occurred three years after IVF. She underwent
VATS pleurodesis and pleural abrasion, with several
diaphragmatic endometriotic foci identified. Afterwards, she
had two recurrences of CP, which ceased after the initiation
of treatment with GnRH agonists °. Baisi et al. *® reported a
case of right-sided CP occurring after an unsuccessful IVF
attempt with a GnRH agonist as a suppressant of pituitary
activity, follitropin alpha [recombinant follicle-stimulating
hormone (FSH)] for controlled ovarian hyperstimulation, and
finally, human chorionic gonadotropin (hCG) for ovulation
induction. During surgery, endometriotic foci of the parietal
pleura and the tendinous portion of the diaphragm were
observed, but without diaphragmatic rupture. Ruptured blebs
were seen at the apex of the inferior lobe, and were removed
by stapler. The endometrial foci were coagulated by argon
plasma and removed, after which a partial pleurectomy (from
the first to the sixth rib) and pleural abrasion were
performed. Histopathology did not show any endometrial
implants in the resected pulmonary tissue. During a 22-
month follow up, the patient underwent a successful IVF-
embryo transfer (ET) cycle, without a pneumothorax
recurrence. The authors concluded that CP was caused by the
rupture of the pulmonary blebs, which were likely caused by
ovarian hyperstimulation . Halvorson et al. 7 described a
case of a woman with a history of endometriosis undergoing
IVF with FSH, human menopausal gonadotropin and hCG.
She presented with shortness of breath and right-sided
pleuritic pain. Computed tomography (CT) revealed a large
left pleural effusion and a right hydropneumothorax, treated
with bilateral thoracentesis (serosanguinous fluid was
extracted). Several months afterwards, the patient was
diagnosed with a diaphragmatic hernia which was treated
surgically. The intraoperative findings were suggestive of
congenital diaphragmatic agenesis. Pleural biopsy showed
endometrial tissue, and the patient presented with two
additional episodes of CP, after which she was treated with
pleurectomy and pleurodesis. The authors suggested that the
congenital diaphragmatic defect allowed the endometrial

Milaci¢ B, et al. Vojnosanit Pregl 2021; 78(5): 575-578.

cells to pass inside the thorax, creating endometriotic pleural
foci which were inflamed by ovarian hyperstimulation, and
presented with hemorrhagic pleural effusions . The
hypotheses made in these case reports suggest that ovarian
hyperstimulation may facilitate the rupture of pulmonary
blebs, as well as activate the endometrial foci in the thorax.
There is a possibility that the ovarian hyperstimulation
caused the rupture of the pulmonary bullae in the patient
presented herein — similar to the case reported by Baisi et
al. 8. It is also plausible that this patient had endometriotic
fenestrations in the diaphragm which were activated by
ovarian hyperstimulation, leading to their rupture and
subsequent pneumothorax.

Despite the fact that the diaphragmatic lesions were not
examined histologically, their gross appearance leads to a
suspicion that they are endometriotic in origin. The
uncertainty of histological diagnosis of TE in CP cases is
noted in the relevant literature. In a review of 9 CP cases,
Furuta et al. *® described 5 patients with circular red spots
and/or perforations in the diaphragm, with a histopathologic
verification of endometriosis in three patients.

Suboti¢ et al. 2 presented 4 cases of CP owing to
multiple small diaphragmatic lesions typical for CP (1-3 mm
in size), associated with pulmonary bullae in two patients
and a large diaphragm defect in one patient. Endometriosis
was confirmed histologically in two patients 2. Radiological
criteria for CP are not defined. Several findings may lead to a
clinical suspicion of CP: diaphragmatic hernia, defects or
perforations *°, as well as pneumoperitoneum associated with
right-sided pneumothorax . CT may reveal the
endometriotic foci viewed as ground-glass opacities or
nodules. Magnetic resonance imaging (MRI) is superior to
CT in displaying diaphragmatic lesions (especially
hemorrhagic ones), and small pleural foci *.

Video-assisted thoracoscopic surgery (VATS) is the
approach of choice for the treatment of CP » 2!, with all
suspected endometriotic foci removed and all diaphragmatic
fenestrations excised or closed. Korom et al. ® proposed that
thoracic exploration should be timed near the beginning of
the menses in order to increase the visibility of the
endometrial implants. Alifano et al. ** suggested that
pleurodesis plays a major role in the prevention of CP
recurrence (from microscopic or newly implanted TE foci).
Mechanical pleurodesis may fail to address the
diaphragmatic surface. Therefore, parietal pleurectomy and
selective use of talc on the diaphragmatic surface should be
considered 4.

Hormonal therapy aims at suppression of the ectopic
endometrium by oral contraceptive pills, danazol, progestins,
and GnRH agonists %. GnRH agonists induce
hypogonadotropic hypogonadism, which is believed to be
useful in the prevention of CP recurrence during the period
of 6-12 months after surgery 2, until effective pleurodesis is
accomplished 3.

Immediate surgery followed by adjuvant hormonal
suppression therapy is considered to be the optimal
therapeutic approach * 2%, The positive patient outcome
described in this paper serves as an example of a successful



Page 578

VOJINOSANITETSKI PREGLED

Vol. 78, No 5

combination of surgery and hormonal therapy. A possible
see-saw effect of the IVF procedures on the diaphragmatic
and pulmonary endometriotic foci may be considered: GnRH
agonists may protect the patient from CP, while ovarian
hyperstimulation has the potential to stimulate the ectopic
endometrium, leading to CP recurrence.

Conclusion

CP should be suspected in young women with
pneumothorax occuring during the perimenstrual period.
Characteristic findings (mainly diaphragmatic holes or
macroscopic endometriotic foci) are highly suggestive and —
in our opinion — sufficient for the diagnosis, given the fact
that the histopathologic findings of endometrial glands or
stroma are rarely identified. The pattern of pneumothoraces
may not always be catamenial (particularly when occurring

in the premenstrual period). The surgical treatment should be
early, with the aim to address all lesions (if feasible), as well
as the presence of chronic disease (ie. endometriosis).
Diaphragm reconstruction is required each time when
fenestrations are found. Hormonal treatment aims at
achieving amenorrhea immediately after surgery, and it
should be administered in all cases of proven CP, unless
there are significant contraindications. Early diagnosis and
timely treatment dealing with all thoracic pathology
(including  diaphragmatic ~ repair),  together  with
multidisciplinary approach and hormonal treatment dealing
with the main chronic disease, may reduce the recurrence
rate of CP.
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Abstract

Introduction. Mucinous tubular and spindle cell carcino-
ma of the kidney (MTSCC) is a rare and recently described
subtype of renal cell carcinoma (RCC). As its name indi-
cates, the tumor is composed of three morphological
structures: tubules consisted of cuboidal cells, spindle
cells, and extracellular mucus. Case report. A 59-year-old
female patient was admitted to the Emergency Center of
the Clinical Center of Vojvodina due to injuries sustained
in a traffic accident. After diagnostic procedures, comput-
er tomography (CT) revealed a large asymptomatic cyst of
the upper pole of the left kidney as an incidental finding.
Four months later, after recovering from traumatic inju-
ries, a control CT confirmed a well-circumscribed tumor,
90 mm in diameter, confined to a kidney, and a radical ne-
phrectomy was performed. Histopathological evaluation
showed that the necrotic tumor mass consisted of tubules
made of cuboidal cells and cords made of spindle cells
separated by pale mucinous material in some areas, while
other tumor parts were of dense cellularity without mucin.
No atypia was found. Conclusion. MTSCC is a variant of
papillary RCC, thus, it is usually mistaken with papillary
RCC with sarcomatoid differentiation. Because of the
same immunoprofile as papillary RCC, histomorphology is
imposed as the gold standard for making the diagnosis.
MTSCC is a tumor with a generally favorable prognosis,
and complete surgical excision appears to be adequate
treatment, but single cases with metastatic disease have
been reported. In this case, there were no signs of the dis-
ease one year after surgery.

Key words:

kidney neoplasms; carcinoma, renal cell;
adenocarcinoma mucinous; diagnosis; nephrectomy;
treatment outcome.

Apstrakt

Uvod. Mucinozni tubularni vretenastocelijski karcinom
bubrega (MTSCC) je redak i nedavno opisan podtip karci-
noma bubreznih ¢elija (RCC). Kao $to mu ime kaze, tumor
se sastoji od tri morfoloski razli¢ite strukture: tubuli
sacinjeni od kubic¢nih Celija, zatim vretenaste Ccelije i
ekstracelularna sluz. Prikaz bolesnika. U radu je prikazana
59-godisnja bolesnica koja je primljena u Urgentni centar
Klinickog centra Vojvodine zbog povreda nastalih u
saobracajnoj nesredi. Nakon dijagnostickih procedura,
kompjuterskom tomografijom (CT) otkrivena je asimpto-
matska velika cista gornjeg pola levog bubrega kao uzgredni
nalaz. Cetiri meseca kasnije, nakon oporavka od traumatskih
povreda, kontrolnim CT pregledom potvrden je dobro
ograni¢en tumor, promera 90 mm, ograni¢en na bubreg,
zbog cCega je izvrSena radikalna nefrektomija. His-
topatoloskom analizom ustanovljeno je da se radi o ne-
kroti¢noj tumorskoj masi sastavljenoj od tubula sagradenih
od kubicnih ¢elija i snopova vretenastih Celija, razdvojenih
bledim mucinoznim materijalom u nekim podruéjima, dok
su ostali delovi tumora bili bez produkcije mucina i pri-
sustva atipije. Zaklju€ak. MTSCC je varijanta papilarnog
RCC, pa se obi¢no pogresno dijagnostikuje kao papilarni
RCC sa sarkomatoidnom diferencijacijom. Zbog istog
imunoprofila sa papilarnim RCC, histomorfologija pred-
stavlja zlatni standard za postavljanje dijagnoze. MTSCC je
tumor sa, generalno povoljnom prognozom i kompletna hi-
rurska ekscizija je adekvatan tretman lecenja, iako su opisani
pojedinacni slucajevi metastatske bolesti. Kod ove bolesnice
nije bilo znakova bolesti godinu dana nakon operacije.

Kljuéne reci:

bubreg, neoplazme; karcinom bubreZnih celija;
adenokarcinom, mucinozni; dijagnoza; nefrektomija;
lecenje, ishod.
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Introduction

Mucinous tubular and spindle cell carcinoma of the
kidney (MTSCC) is a rare and recently described subtype of
renal cell carcinoma (RCC), which has been recognized as a
specific entity in the 2004 World Health Organization
(WHO) classification of renal cell carcinoma®. To this date,
there are approximately 100 cases described in the litera-
ture 2. The tumor mostly affects adults with a mean age of 53
years (range 18-82) with marked female predominance (4:1)
as in our case?, in contrast to RCC. MTSCC is a cytological-
ly low-grade neoplasm, but both high-grade MTSCC and
MTSCC with sarcomatoid differentiation are described 3 4.

Clinical symptoms such as flank pain, abdominal mass,
and hematuria are rare but possible ®; most MTSCC tumors
are solitary and were incidentally discovered by ultrasound
or computer tomography examinations.

As its name indicates, the tumor is composed of three
morphologically different structures: tubules consisted of cu-
boidal cells, spindle cells, and extracellular mucus and it
mostly resembles type 1 papillary RCC but without true pa-
pilla formation 8. In both cuboidal and spindle cells, nuclear
atypia and mitoses are rare. The proportion of those morpho-
logical parts is different in different cases, and hemorrhage
and/or necrosis, minor areas with clear cell and oncocytic
change, are possible to find as well”8, Focal papillations
may be found and are usually mistaken with papillary RCC
with sarcomatoid differentiation.

Although the literature shows contradictory reports re-
garding its histogenesis *1°, the morphological, immuno-
histochemical, and genetic features suggest differentiation
from collecting duct epithelium. Moreover, immunohisto-
chemical analyses show expression of epithelial membrane
antigen (EMA), alpha-methylacyl-coenzyme A racemase
(AMACR), cytokeratin 7 (CK7), PAX-8, and vimentin in
80-100% of the cases, which confirms a possible origin from

ntri Centar
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distal convoluted epithelial cells!. AMACR expression can
also be seen in proximal tubule cells. Therefore, there is a
belief that it could be a variant of papillary RCC®*, CD-10
and RCC are often negative.

MTSCC is a renal tumor with an excellent prognosis,
but it is not exclusive because there are single cases with the
metastatic disease described.

Case report

In December 2017, a 59-year-old female patient was
admitted to the Emergency Center of the Clinical Center of
Vojvodina due to injuries sustained in a traffic accident. Af-
ter diagnostic procedures, a serial fracture of ribs was regis-
tered, some subcutaneous hematomas, and no signs of inter-
nal bleeding. Moreover, computer tomography (CT) revealed
a large cyst on the left kidney as an incidental finding with-
out symptoms (Figure 1A). After recovering from traumatic
injuries, the patient came to the Urology Clinic of the Clini-
cal Center of Vojvodina because of hematuria. In April 2018,
a control CT was made, and it confirmed the existence of a
round, clearly demarcated, inhomogeneous mass, 85 milli-
meters in size, which changed the kidney contour and made
pressure on calyces of the medium part and the upper pole of
the kidney (Figure 1B). The lumen of the cyst was filled with
debris-like material, and surgical treatment was indicated. A
left radical nephrectomy was performed in June 2018, and
the specimen was sent to the Pathology Department. Grossly,
it was a well-circumscribed tumor, 90 mm in diameter, con-
fined to the kidney with the necrotic content inside. A de-
tailed histopathological examination verified the tumor mass
characterized by a mixture of compressed anastomosing and
tightly packed and parallelly arranged tubular structures con-
sisted of cuboidal cells with round, pale nuclei (Figure 2A).
Atypia was minimal. Tubular structures were separated by
thin bundles of spindle cells and variable amounts of extra-

Fig. 1 — A) The first computer tomography (CT) scan showed a big cyst of the left kidney;

B) Control CT with the same kidney cyst.
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cellular blue-gray Alcian-blue-periodic-acid-Schiff positive
mucinous matrix (Figure 2B). Extensive areas of necrosis
were present without lymphovascular invasion. Special im-
munohistochemical stainings showed positivity for CK7
(Figure 2C), AMACR (Figure 2D), Vimentin (Figure 2E), as
well as EMA and E-cadherin. RCC and CD-10 were nega-
tive. Based on the histological and immunohistochemical de-
scription of the tumor, the diagnosis of mucinous tubular and
spindle cell renal cell carcinoma was made.

Fig. 2 — A) Spindle cell tumor compon

i i H ' =

ent [hematohylin and eosin (HE), 10x];

MTSCC, thus histomorphology appears to be the gold
standard for making the diagnosis. It is a tumor with a gen-
erally favorable prognosis, and complete surgical excision
appears to be adequate treatment, but cases with metastatic
disease have been reported *2. Generally, it is estimated that
20-40% of patients with RCC develop metastases after
surgery 3. An unfavorable course of the disease like recur-
rence, regional lymph nodes, and distant sites metastases,
or even death, are associated with atypical histological fea-

B) Tubular structures of cuboidal cells (HE, 10x); C) Extracellular mucinous matrix
(HE, 10x); D) Antibody cytokeratin 7 (CK7) (IHC, 20x); E) Antibody
alpha-methylacyl-coenzyme (AMACR) (IHC, 20x); F) Antibody Vimentin (IHC, 10x).

ITHC - immunohistochemistry.

Discussion

Mucinous tubular and spindle cell renal cell carcino-
ma is a rare renal tumor. The histogenesis of this tumor is
controversial. It has been shown differentiation toward the
distal nephron, which led to different tumors, including
low-grade tubular mucinous renal neoplasms and low-grade
myxoid tumor. Recently, the literature showed immuno-
histochemical overlap with papillary RCC pointing to prox-
imal tubular differentiation. In fact, MTSCC is a variant of
papillary RCC. Although a close relationship to papillary
RCC has been suggested, clinically, morphologically, and
genetically, it is a distinct renal neoplastic entity. Histo-
pathological examination is imperative for making the cor-
rect diagnosis. Immunohistochemistry is not a very useful
method for discriminating between papillary RCC and

tures such as high nuclear grade and sarcomatoid transfor-
mation 15, Although an innocent outcome is likely, a
close follow-up is recommended. In our patient, there were
no signs of the disease one year after surgery.

Conclusion

MTSCC is a variant of papillary RCC, hence it is usual-
ly mistaken with papillary RCC with sarcomatoid differen-
tiation. Because of the same immunoprofile as papillary
RCC, histomorphology is imposed as the gold standard for
making the diagnosis. MTSCC is a tumor with a generally
favorable prognosis, and complete surgical excision appears
to be adequate treatment, but cases with metastatic disease
have been reported. In this patient, there were no signs of the
disease one year after surgery.
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plagiarism or self—plzi?iarism will be punished. When submitting a paper to
the V/SP electronic editing system (http://aseestant.ceon.rs/index.php), the
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ments, a statement signed by all the authors that the paper on the whole
and/or partly has not been submitted nor accepted for publication elsewhere,
a statement specifying the actual contribution of each author, no conflict of
interest statement that make them responsible for meeting any requirements
set. What follows subsequently is the acceptance of a paper for further editin
procedure. The manuscripts submitted to the V'SP pass in-house and external
peer review. All authors pay “Article Processing Charge” for coverage all ed-
iting and publishing expenses. Domestic authors pay 5,000 RSD, and those
from aboard 150 euros. The editing and publishing fee is required for sub-
stantive editing, facts and references validations, copy editing, and publishing
online and in print by editorial staff of the Journal. No additional fees, other
than stated above, are required even if an author who already paid the fee
would have more articles accePted for publishing in the year when fee was
paid. All authors who #)ay this fee may, If want, receive printed version of the
Journal in year when fee'is payed. Please note that the payment of this charge
does not guarantee acceptance of the manuscript for publication and does not
influence the outcome of the review procedure. The requirement about pay-
|né;_ “Avrticle Processing Charge” does not a}FpP/ to reviewers, members of the
Editorial Board and the Publisher’s Council of the Journal, ?/oung researchers
and students, as well as any of the subscribers of the Journal.

The VSP publishes: editorials, original articles, short communica-
tions, reviews/meta-analyses, case reports, medical history (general or
military), personal views, invited comments, letters to the editor, reports
from scientific meetings, book reviews, and other. Original articles, short
communications, meta-analyses and case reports are published with ab-
stracts in both English and Serbian.

General review papers will be accepted by the Editorial Board only if
the authors prove themselves as the experts in the fields they write on by
citing not less than 5 self-citations.

Papers should be written on IBM-compatible PC, using 12 pt font, and
double spacing, with at least 4 cm left margin. Bold and italic letters should
be avoided as reserved for subtitles. Orié;inal articles, reviews, meta-analyses
and articles from medical history should not exceed 16 pages; current topics
10; case reports 6; short communications 5; letters to the editor and com-
ments 3, and reports on scientific meetings and book reviews 2.

All measurements should be reported in the metric system of the
International System of Units (SIS), and the standard internationally
accepted terms (except for mmHg and °C).

MS Word for Windows (97, 2000, XP, 2003) is recommended for
word processing; other programs are to be used only exceptionally. Il-
lustrations should be made using standard Windows programs, Mi-
crosoft Office (Excel, Word Graph). The use of colors and shading in
graphs should be avoided.

Papers should be prepared in accordance with the Vancouver Convention.

Papers are reviewed anonymously by at least two editors and/or invit-
ed reviewers. Remarks and suggestions are sent to the author for final
composition. Galley proofs are sent to the corresponding author for final
agreement.

Preparation of manuscript

Parts of the manuscript are: Title page; Abstract with Key words; Text;
Acknowledgements (to the authors’ desire), References, Enclosures.

1. Title page

a) The title should be concise but informative, while subheadings
should be avoided;

b) Full names of the authors signed as follows: *, T, 1, §, ||, 1, **, t1, ...

) Exact names and places of department(s) and institutiongs) of affili-
ation where the studies were performed, city and the state for any au-
thors, clearly marked by standard footnote signs;

d) Conclusion could be a separate chapter or the last paragraph of the
discussion;

e) Data on the corresponding author.
2. Abstract and key words

The second page should carry a structured abstract (250-300 words for
original articles and meta-analyses) with the title of the article. In short,
clear sentences the authors should write the Background/Aim, major
procedures — Methods (choice of subjects or laboratory animals; meth-
ods for observation and analysis?, the obtained findings — Results (con-
crete data and their statistical significance), and the Conclusion.
It should emphasize new and important aspects of the study or observa-
tions. A structured abstract for case reports (ug to 250 words) should
contain subtitles Introduction, Case report, Conclusion). Below the

abstract Key words should provide 3-10 key words or short phrases that
indicate the topic of the article.

3. Text

The text of the articles includes: Introduction, Methods, Results, and
Discussion. Long articles may need subheadings within some sections to
clarify their content.

Introduction. After the introductory notes, the aim of the article should be
stated in brief (the reasons for the study or observation), only significant data
from the literature, but not extensive, detailed consideratuion of the subject,
nor data or conclusions from the work being reported.

Methods. The selection of study or experimental subjects (patients or
experimental animals, includin? controls) should be clearly described.
The methods, apparatus (manufacturer's name and address in parenthe-
ses), and procedures should be identified in sufficient detail to allow
other workers to reproduce the results. Also, give references to estab-
lished methods, including statistical methods. Identify precisely all drugs
and chemicals used, with generic name(s), dose(s), and route(s) of ad-
ministration. State the approval of the Ethnics Committee for the tests in
humans and animals.

Results should be presented in logical sequence in the text, tables and
illustrations. Emphasize or summarize only important observations.

Discussion is to emphasize the new and significant aspects of the
study and the conclusions that result from them. Relate the observations
to other relevant studies. Link the conclusions with the goals of the
study, but avoid unqualified statements and conclusions not completely
supported by your data.

References

References should be superscripted and numerated consecutively in the
order of their first mentioning within the text. All the authors should be
listed, but if there are more than 6 authors, give the first 6 followed by et
al. Do not use abstracts, secondary publications, oral communications, un-
published papers, official and classified documents. References to papers
accepted but not yet published should be cited as ”in press“. Information
from manuscripts not yet accepted should be cited as “unpublished data“.
Data from the Internet are cited with the date of citation.
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Tables

Each table should be typed double-spaced 1,5 on a separate sheet,
numbered in the order of their first citation in the text in the upper right
corner and supplied with a brief title each. Explanatory notes are printed
under a table. Each table should be mentioned in the text. If data from
another source are used, acknowledge fully.

Illustrations

Any forms of graphic enclosures are considered to bi figures and
should be submitted as additional databases in the System of Assistent.
Letters, numbers, and symbols should be clear and uniform, of sufficient
size that when reduced for Bublication, each item will still be legible.
Each figure should have a label on its back indicating the number of the
figure, author's name, and top of the figure (Figure 1, Figure 2 and so
on). If a figure has been published, state the original source.

Legends for illustrations are_t?/ped on a separate page, with Arabic
numbers carresponding to the illustrations. If used to identify parts of
the illustrations, the symbols, arrows, numbers, or letters should be iden-
tified and explained clearly in the legend. Explain the method of staining
in photomicrographs.

Abbreviations and acronyms

Authors are encouraged to use abbreviations and acronyms in the
manuscript in the following manner: abbreviations and acronyms must
be defined the first time they are used in the text consistently throughout
the whole manuscript, tables, and graphics; abbreviations should be used
only for terms that appear more than three times in text; abbreviations
should be sparingly used.

An alphabetical list of all abbreviations used in the paper, followed by
their full definitions, should be provided on submission.

Detailed Instructions are available at the web site:
www.vma.mod.gov.rs/vsp


http://www.vma.mod.gov.rs7vsp7download7instructions/

Page 584

VOJINOSANITETSKI PREGLED

Vol. 78, No 5

UPUTSTVO AUTORIMA

Vojnosapitetski pregled (VSP) je dostupan u reZimu otvorenog
pristupa. Clanci objavljeni u ¢asopisu mogu se besplatno preuzeti sa
sajta Casopisa http://www.vma.mod.gov.rs/sr/ uz primenu licence
Creative Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA)

(http://creativecommons.org/licenses/by-sa/4.0).

VSP objavljuje radove koji nisu ranije nigde objavljivani, niti
predati za objavljivanje redosledom koji odreduje uredivacki odbor.
Svaki poku$aj plagijarizma ili autoplagijarizma kaZnjava se. Prilikom
prijave rada u sistem elektronskog uredivanja ,,Vojnosanitetskog
pregleda“(http://aseestant.ceon.rs/index.php) neophodno je priloZiti izjavu
da su ispunjeni svi postavljeni tehnicki zahtevi ukljucujuéi i izjavu koju
potpisuju svi autori da rad nije ranije ni u celini, niti delimi¢no objavljen niti
prihvacen za Stampanje u drugom casopisu. Izjavu o pojedinaénom
doprinosu svakog og autora rada potpisanu od svih autora, treba skenirati i
poslati uz rad kao dopunsku datoteku. Takode, autori su obavezni da dostave
I potpisanu izjavu o nepostojanju sukoba interesa ¢ime postaju odgovorni za
ispunjavanje svih postavljenih uslova. Ovome sledi odluka o prihvatanju za
dalji uredivacki postupak. Rukopisi pristigli u Redakciju ¢asopisa podlezu
internoj i eksternoj recenziji. Svi autori duzni su da plate “Article Processing
Charge” za pokrice troskova jezicke, struéne i tehnicke obrade rukopisa, kao
i njegovog objavljivanja. Doma¢i autori plac¢aju iznos od 5 000 dinara, a
inostrani 150 eura. Dodatna placanja nisu predvidena ¢ak i u sluc¢aju da autor
koji je ve¢ prethodno platio trazeni iznos, ima viSe prihva¢enih radova za
objavljivanje u godini u kojoj je izvrSio uplatu. Svi autori koji su platili “Arti-
cle Processing Charge” mogu, ukoliko Zele, dobijati Stampanu verziju
Casopisa tokom godine u kojoj je izvrena uplata. Placanje ovog iznosa ne
garantuje prihvatanje rukopisa za okg'avl'ivanje i ne utice na ishod recenzije.
Od obaveze placanja pokri¢a navedenih troskova oslobodeni su recenzenti,
¢lanovi Uredivactkog odbora i Izdavackog saveta VSP, studenti i mladi
istrazivaci, kao i pretplatnici Casopisa.

U VSP-u se objavljuju uvodnici, originalni €lanci, prethodna ili
kratka saopStenja, revijski radovi tipa opSteg pregleda (uz uslov da
autori navodenjem najmanje 5 autocitata potvrde da su eksperti u oblasti
0 kojoj pidu), aktuelne teme, metaanalize, Kkazuistika, seminar
Erakticnog lekara, ¢lanci iz istorije medicine, li¢ni stavovi, naruéeni

omentari, pisma uredniStvu, izvestaji sa naucnih i stru¢nih skupova,
prikazi kng]iga i drugi prilozi. Radovi tipa originalnih ¢lanaka, prethodnih
ili kratkih “saopstenja, metaanalize i kazuistike objavljuju se uz
apstrakte na srpskom i engleskom jeziku.

Rukopis se pise sa proredom 1,5 sa levom marginom od 4 cm.
Koristiti font veli¢ine 12, a nacelno izbegavati upotrebu bold i italic slova,
koja su rezervisana za podnaslove. Originalni ¢lanci, opsti pregledi i
metaanalize i ¢lanci iz istorije medicine ne smeju prelaziti 16 stranica (bez

riloga); aktuelne teme — deset, seminar prakticnog lekara — osam,
azuistika — Sest, ﬁrethodna saopStenja — pet, a komentari i pisma uredniku
—tri, izvesStaji sa skupova i prikazi knjiga — dve stranice.

U celom radu obavezno je koris¢enje medunarodnog sistema mera
(SI) i standardnih medunarodno prihvacenih termina (sem mm Hg i °C).

Za obradu teksta Koristiti program Word for Windows verzije 97,
2000, XP ili 2003. Za izradu grafickih priloga koristiti standardne
graficke programe za Windows, poZeljno iz programskog paketa
Microsoft Office (Excel, Word Graph). Kod kompjuterske izrade
grafika izbegavati upotrebu boja i sencenja pozadine.

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.

Prispeli radovi kao anonimni podlezu uredivackoj obradi i recenziji
najmanje  dva  urednika/recenzenta.  Primedbe i  sugestije
urednika/recenzenata dostavljaju se autoru radi kona¢nog oblikovanja.
Pre objave, rad se upucuje autoru odredenom za korespodenciju na
kona¢nu saglasnost.

Priprema rada

Delovi rada su: nasloyna strana, apstrakt sa kljuénim recima,
tekst rada, zahvalnost (po Zelji), literatura, prilozi.

1. Naslovna strana

a) Pozeljno je da naslov bude kratak, jasan i informativan i da odgovara
sadrZaju, podnaslove izbegavati.

b) Ispisuju se puna imena i prezimena autora sa oznakama redom: *, 1,
&L ST

¢) Navode se puni nazivi ustanove i organizacijske jedinice u kojima je
rad obavljen mesta i drzave za svakog autora, koristeci standardne znake
za fusnote.

d) Zaklju¢ak moZze da bude posebno poglavlje ili se iznosi u poslednjem
pasusu diskusije.

e) Podaci o autoru za korespodenciju.
2. Apstrakt i kljucne reci

Na drugoj stranici nalazi se strukturisani apstrakt (250-300 reéi za
originalne ¢lanke i meta-analize) sa naslovom rada. Kratkim
reCenicama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada,
osnovne procedure — Metode (izbor ispitanika ili laboratorijskih
Zivotinja; metode posmatranja i analize), glavni nalazi — Rezultati
(konkretni podaci i njihova statisticka znacajnost) i glavni Zakljucak.
Naglasiti nove i znacajne aspekte studije ili zapazanja. Strukturisani
apstrakt za kazuistiku (do 250 re¢i), sadrzi podnaslove Uvod, Prikaz

bolesnika i Zakljuéak). Ispod apstrakta, ,,Kljuéne re¢i“ sadrze 3-10
kljucnih reci ili kratkih izraza koje ukazuju na sadrzinu ¢lanka.

3. Tekst ¢lanka

Tekst sadrzi sledeca poglavlja: uvod, metode, rezultate i diskusiju.
Uvod. Posle uvodnih napomena, navesti cilj rada. Ukratko izneti razloge
za studiju ili posmatranje. Navesti samo vazne podatke iz literature a ne
opSirna razmatranja o predmetu rada, kao ni podatke ili zakljucke iz rada
0 kome se izvestava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih
metoda (ispitanici ili eksperimentne zivotinje, ukljucuju¢i kontrolne).
Identifikovati metode, aparaturu (ime i adresa proizvodaca u zagradi) i
proceduru, dovoljno detaljno da se drugim autorima omoguéi
reprodukcija rezultata. Navesti podatke iz literature za uhodane metode,
ukljucujuéi i statistiCke. Tacno identifikovati sve primenjene lekove i
hemikalije, ukljucujué¢i genericko ime, doze i naCine davanja. Za
Ii(spiti_vanja na ljudima i Zivotinjama navesti saglasnost nadleZnog etickog

omiteta.

_ Rezultate prikazati logickim redosledom u tekstu, tabelama i
ilustracijama. U tekstu naglasiti ili sumirati samo zna¢ajna zapazanja.

U diskusiji naglasiti nove i znaGajne aspekte studije i izvedene
zakljucke. Posmatranja dovesti u vezu sa drugim relevantnim studijama,
u nacelu iz poslednje tri godine, a samo izuzetno i starijim. Povezati
zakljucke sa ciljevima raga, ali izbegavati nesumnjive tvrdnje i one
zakljucke koje podaci iz rada ne podrzavaju u potpunosti.

Literatura

U radu literatura se citira kao superskript, a popisuje rednim
brojevima ﬁOd kojima se citat pojavljuje u tekstu. Navode se svi
autori, ali ako broj prelazi Sest, navodi se prvih Sest i et al. Svi podaci
0 citiranoj literaturi moraju biti tacni. Literatura se u celini citira na
engleskom jeziku, a iza naslova se navodi jezik ¢lanka u zagradi. Ne
prihvata se citiranje apstrakata, sekundarnih publikacija, usmenih
saopStenja, neobjavljenih radova, sluzbenih i poverljivih dokumenata.
Radovi koji su prihvaceni za Stampu, ali jo3 nisu objavljeni, navode se
uz dodatak ,,u Stampi*. Rukopisi Koji su predati, ali Jos$ nisu prihvaceni
za Stampu, u tekstu se citiraju kao ,,neobjavljeni podaci* (u zagradi).
Podaci sa Interneta citiraju se uz navodenje datuma pristupa tim
podacima.

Primeri referenci:

Durovi¢ BM. Endothelial trauma in the surgery of cataract. VVojnosanit
Pregl 2004; 61(5): 491-7. (Serbian)

Balint B. From the haemotherapy to the haemomodulation. Beograd:
Zavod za udzbenike i nastavna sredstva; 2001. (Serbian)

Miadenovi¢ T, Kandolf L, Mijuskovié ZP. Lasers in dermatology. In:
Karadagli¢ D, editor. Dermatology. Beograd: Vojnoizdavacki zavod &
Verzal Press; 2000. p. 1437-49. (Serbian)

Christensen S, Oppacher F. An analysis of Koza's computational
effort statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the 5th European Conference on Genetic Programming;
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91.

Abood S. Quality improvement initiative in nursing homes: the ANA
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited
2002 Aug 12]; 102(6): [about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Tabele

Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. ObeleZavaju
se arapskim brojevima, redosledom pojavljivané'a, u desnom uglu (Tabela 1),
a svakoj se daje kratak naslov. Objasnjenja se daju u fus-noti, ne u zaglavlju.
Svaka tabela mora da se pomene u tekstu. Ako se koriste tudi podaci,
obavezno ih navesti kao i svaki drugi podatak iz literature.

lustracije

Slikama se zovu svi oblici grafickih priloga i predaju se kao dopunske
datoteke u sistemu aseestant. Slova, brojevi i simboli treba da su jasni i ujed-
naceni, a dovoljne veli¢ine da prilikom umanjivanja budu citljivi. Slike treba da
budu jasne i obeleZene brojevima, onim redom kojim se navode u tekstu (SI. 1;
Sl. 2 itd.). Ukoliko je slika ve¢ negde objavljena, obavezno citirati izvor.

Legende za ilustracije pisati na posebnom listu, koristeci arapske brojeve.
Ukoliko se koriste simboli, strelice, brojevi ili slova za obljaénjavanje
pojedinog dela ilustracije, svaki pojedinacno treba objasniti u legendi. Za
fotomikrografije navesti metod bojenja i podatak o uvecanju.

Skraéenice i akronimi

Skracenice i akronimi u rukopisu treba da budu kori$¢eni na sledeci nacin:
definisati skracenice i akronime pri njithovom prvom pojavljivanju u tekstu i
koristiti ih konzistentno kroz Citav tekst, tabele i slike; koristiti ih samo za
termine Kkoji se.pommgu viSe od tri puta u tekstu; da bi se olaksalo Citaocu,
skracenice 1 aktinome treba Stedljivo Koristiti.

Abecedni popis svih skracenica i akronima sa objaSnjenjima treba
dostaviti pri predaji rukopisa.

Detaljno uputstvo moZe se dobiti u redakciji ili na sajtu:
www.vma.mod.gov.rsivsp


http://www.nursingworld.org/AJN/2002/june/Wawatch.htm
http://www.vma.mod.gov.rs7vsp7download7instructions/
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