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Association between the SMIN2 gene copy number and clinical
characteristics of patients with spinal muscular atrophy with
homozygous deletion of exon 7 of the SMN1 gene

Povezanost broja kopija SMN2 gena i klinic¢kih karakteristika bolesnika sa
spinalnom miSi¢nom atrofijom sa homozigotnom delecijom egzona 7 gena

SMNI

Marija Zarkov*, Aleksandra Stojadinovié*, Slobodan Sekuli¢*, Iva
Barjaktarovi¢*, Olivera Stojiljkovi¢®, Stojan Perié¢!, Goran Kekovi¢', Biljana
Draskovi¢', Zorica Stevi¢!

*Neurology Clinic, Clinical Center of Vojvodina, Faculty of Medicine, University of
Novi Sad, Novi Sad, Serbia; Child and Youth Health Care Institute of Vojvodina,
Faculty of Medicine, University of Novi Sad, Novi Sad, Serbia; iCenter for Forensic
Medicine, Toxicology and Molecular Genetics, Clinical Center of Vojvodina, Novi Sad,
Serbia; SDepartment of Neurology, General Hospital, Subotica, Serbia; Neurology
Clinic, Clinical Center of Serbia, Faculty of Medicine, University of Belgrade, Belgrade,
Serbia; TInstitute for Biological Research “Sinisa Stankovi¢”, University of Belgrade,
Belgrade, Serbia

Abstract

Background/Aim. Spinal muscular atrophy (SMA) is an
autosomal recessive disease characterized by degeneration
of alpha motor neurons in the spinal cord and the medulla
oblongata, causing progressive muscle weakness and atro-
phy. The aim of this study was to determine association be-
tween the SMN2 gene copy number and disease phenotype
in Serbian patients with SMA with homozygous deletion of
exon 7 of the SMN1 gene. Methods. The patients were
identified using regional Serbian hospital databases. Investi-
gated clinical characteristics of the disease were: patients’
gender, age at disease onset, achieved and current develop-
mental milestones, disease duration, current age, and the
presence of the spinal deformities and joint contractures.
The number of SMN1 and SMN2 gene copies was deter-
mined using real-time polymerase chain reaction (PCR).

Apstrakt

Uvod/Cilj. Spinalna misi¢na atrofija (SMA) je autosomno
recesivho oboljenje koje se karaktense degeneracuom alfa
motornih neurona ki¢mene mozdine i produzene mozdine,
§to uzrokuje progresivnu misi¢nu slabost i atrofiju. Cilj rada
bio je da se utvrdi povezanost broja kopija gena SMN2 i fe-
notipa kod srpske populacije bolesnika sa SMA sa homozi-
gotnom delecijom egzona 7 gena SMN1. Metode. Podaci o
bolesnicima sa SMA preuzeti su iz registara regionalnih bol-

Results. Among 43 identified patients, 37 (86.0%) showed
homozygous deletion of SMN1 exon 7. One (2.7%) of 37
patients had SMA type I with 3 SMN2 copies, 11 (29.7%)
patients had SMA type II with 3.1 £ 0.7 copies, 17 (45.9%)
patients had SMA type III with 3.7 £ 0.9 copies, while 8
(21.6%) patients had SMA type IV with 4.2 £ 0.9 copies.
There was a progressive increase in the SMN2 gene copy
number from type II towards type IV (p < 0.05). A higher
SMN2 gene copy number was associated with better current
motor performance (p < 0.05). Conclusion. In the Serbian
patients with SMA, a higher SMN2 gene copy number cor-
related with less severe disease phenotype. A possible effect
of other phenotype modifiers should not be neglected.

Key words:
muscular atrophy, spinal; genetic diseases, inborn;
chromosome aberations; serbia.

nica u Srbiji. Ispitivane su sledece klinicke karakteristike: pol
bolesnika, uzrast pri pojavi bolesti, postignuti stepen mo-
tornog razvoja na pocetku bolesti i trenutno stanje, trajanje
bolesti, sadasnji uzrast i prisustvo deformiteta ki¢me i kon-
trakture zglobova. Broj kopija gena SMN1 i SMN2 utvrdi-
van je pomocu lancane reakcije polimeraze (polymerase chain
reaction — PCR) u realnom vremenu. Rezultati. Od 43 iden-
tifikovana bolesnika, 37 (86.0%) je imalo homozigotnu de-
leciju egzona 7 gena SMNI. Jedan (2.7%) od 37 bolesnika
imao je SMA tipa I sa 3 kopije SMN2, 11 (29.7%) je imalo

Correspondence to: Marija Zarkov, Neurology Clinic, Clinical Center of Vojvodina, Hajduk Veljkova 1-9, 21 000 Novi Sad, Serbia.

E-mail: zatkovns@gmail.com
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SMA tipa II sa 3.1 £ 0.7 kopija, 17 (45.9%) imalo je SMA
tipa I1I sa 3.7 £ 0.9 kopija, dok je 8 (21.6%) bolesnika imalo
SMA tipa IV sa 4.2 £ 0.9 kopija. Zabelezen je progresivan
porast broja kopija gena SMN2 od tipa II ka tipu IV (p <
0.05). Vedi broj kopija gena SMN2 bio je povezan sa boljim
trenutnim  motornim  sposobnostima  (p <  0.05).
Zakljucak. U stpskoj populaciji bolesnika sa SMA, vedi

broj kopija gena SMN2 korelise sa blazim fenotipom boles-
ti. Pored toga, ne treba iskljuciti ni mogudi uticaj drugih fak-
tora koji mogu modifikovati fenotip.

Kljucne reci:
misic¢i, atrofija, spinalna; geneti¢ke bolesti, urodene;
hromosomi, aberacije; srbija.

Introduction

Spinal muscular atrophy (SMA) is an autosomal reces-
sive disease characterized by degeneration of alpha motor
neurons in the spinal cord and the medulla oblongata, cau-
sing progressive muscle weakness and atrophy. The inciden-
ce of the disease is 1 per 10,000 live births, with a carrier
frequency of approximately 1 in 50 2. In 95% of cases, the
cause is deletion of both copies of exon 7 on the SMN1 gene
in chromosome 5, whereas point mutations are present in the
rest of the cases °.

The SMN1 gene normally provides production of fully
functional survival of the motor neuron protein (SMN), unli-
ke the SMIN2 gene transcript, which results in 80-90% of the
cases with dysfunctional protein chains *. Insufficient pro-
duction of SMNI results in apoptosis of alpha motor neu-
rons . Several studies have demonstrated a correlation
between the number of SMN2 gene copies and the type of
SMA. The lowest number of SMN2 gene copies is seen in
SMA type 1, while in other types this number is higher **.
However, the correlation between symptom severity and
SMN?2 copy number is not linear and there seem to exist ot-
her factors impacting on the disease phenotype, such as gen-
der, other genes, epigenetics and variant point mutations °.

The aim of this study was to determine the association
between SMN2 gene copy number and disease phenotype of
Serbian SMA patients with homozygous deletion of exon 7
of the SMN1 gene.

Methods

The study included 43 patients with SMA identified
through hospital databases of the Neurology Clinics in Novi
Sad and Belgrade in 2011. It was approved by the Ethical
Committee of the Clinical Center of Vojvodina, Novi Sad.
All the patients or the adult guardians of the children gave
written informed consent to take part in the study.

SMA was uniformly classified according to the Internati-
onal SMA Consortium Meeting Report recommendations "°.
Disease onset before 6 months of age, i.e. before the ability to
sit independently, was classified as SMA type 1. Disease onset
between 6 and 15 months of age, with the absence of the
ability to walk independently, was classified as SMA type IL
Disease onset after the patient developed the ability to walk,
between 15 months of age and 20 years, was classified as
SMA type III. Disease onset after the age of 20 years was clas-
sified as SMA type IV.

Medical documentation and clinical examination were
used to collect the following data: patients’ gender, age at di-

sease onset, achieved and current developmental milestones
(graded as follows: not able to sit, sitting with support, sitting
independently, walking with support, walking independently),
disease duration, current age, and the presence of the spinal
deformities and joint contractures.

Molecular diagnosis

The genomic DNA isolation from single samples was
performed by the silica membrane-based DNA extraction
using the QIAamp DNA Micro Kit (Qiagen, Hilden,
Germany) and followed by the spectrophotometric measure-
ment of DNA concentration in each isolate. Isolated nuclear
DNAs were amplified using the Tagman Universal PCR Mas-
ter Mix. For SMN1 and SMN2 exon 7 amplification, we used
the sequences of primers and probes described by Passon et
al. '". The same authors described the conditions for perfor-
mance of PCR reactions. PCR conditions were 2 min 50°C,
10 min 95°C, 40 cycles consisting of 15 s 95°C, and 1 min
60°C. Serum albumin was employed as a reference gene.
The PCR reaction of amplification of SMN1, SMN2 and the
reference gene was performed using the ABI Prism 7000
Sequence Detection System (Applied Biosystems, Foster
City, CA, USA). The DNA sample of the patient with a
known SMNI1 copy number and the DNA sample of the pati-
ent with a known SMN2 copy number were used as calibra-
tors in all SMN1 and SMN2 exon 7 amplification reactions.
DNA of each sample, including calibrators, was used for
amplification of SMNI1, SMN2 and the reference gene.
SMNI1 and SMN2 copy number was determined using AAC,
method.

Statistical tests were performed using the commercial
software SPSS (IBM, USA), with the level of statistical sig-
nificance of p < 0.05 and the high statistical significance of p
< 0.01. The following methods of descriptive statistics were
used: proportion, mean and standard deviation. For compari-
sons between non-continuous variables, y” test was used. For
continuous non-normal distributions, we used Mann-
Whitney U-test for analysis between the two groups, and
Kruskal-Wallis test for analysis of more than two groups. For
normal distributions, data were analyzed using Student t-test
for comparison between the two groups and ANOVA one
way breakdown test for comparison between three or more
groups. We also calculated the odds ratio (OR) with 95%
confidence interval (CI) describing the risk of patients with 4
or 5 copy numbers of SMN2 gene compared to patients with
3 copies to develop mild form SMA (type 3 or 4 SMA vs
type 2). Comparison of survival in patients with different
SMN2 gene copy numbers was analyzed by the Kaplan—
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Meier log-rank test, with SMA onset as zero time and
inability to walk as the end-point event.

Results

A total of 43 patients with SMA were identified.
Among them, 37 (86.0%) patients showed homozygous dele-
tion of SMN1 exon 7. The additional four (9.3%) cases
showed deletion of the exon 7 of only one allele of SMN1
gene, while two (4.7%) patients had both copies of the
SMNI1 exon 7. Only the homozygous cases were further
analyzed in the study.

Only one of 37 (2.7%) patients with homozygous dele-
tion had SMA type I. SMA type II was registered in 11
(29.7%) cases, SMA type IIl in 17 (45.9%) and SMA 1V in 8
(21.6%) patients.

Sociodemographic and clinical features of investigated

patients with different SMA types are presented in Table 1.
There was no association between disease type and gender (p
> 0.05). Significant association between better current motor
performance and less severe SMA types was observed (p <
0.01). Also, the increased incidence of cases with spine and
extremity deformities was observed in more severe SMA
types (p < 0.05).

Regarding all SMA types, mean number of SMN2 co-
pies was 3.6 + 0.9; 2 copies were present in 1 (2.8%) patient,
3 in 20 (55.6%), 4 in 7 (19.4%), 5 in 7 (19.4%) patients and
6 in 1 (2.8%) patient. A significant increase in SMN2 copy
number was observed from SMA type II towards types IV
(3.1 £ 0.7 copies in SMA 11, 3.7 £ 0.9 in SMA 111, and 4.2 +
0.9 in SMA 1V, p < 0.05) (Figure 1). The patients with 4 co-
pies of SMN2 gene had 1.6 times higher risk to develop mild
form of SMA (OR 1.6, 95% CI 1.1-2.4; p < 0.05), while pa-
tients with 5 copies had 4.9 times higher risk but this was not

Table 1

Sociodemographic and clinical features of the investigated patients with spinal muscular atrophy (SMA) types II, I11

and IV (n = 36)

Features SMA type II SMA type III SMA type IV
Number of patients 11 17 8
Gender (males), % 36.4 47.1 25.0
Age at disease onset (years), mean + SD** 1.00 = 0.00 5.24 £6.02 33.62 +16.69
Achieved milestones, % **
not able to sit 0 0 0
sitting with support 27.3 0 0
sitting independently 27.3 0 0
walking with support 45.4 0 0
walking independently 0 100 100
Disease duration (years), mean = SD 11.81 £ 6.64 22.05+16.38 12.37+11.24
Current age (years), mean + SD** 1236 £ 6.74 2729+ 17.02 46.00 + 15.38
Current motor performance, % **
not able to sit 0 0 0
sitting with support 36.4 59 0
sitting independently 36.4 17.7 0
walking with support 272 11.8 37.5
walking independently 0 64.6 62.5
Spinal deformities and joint contractures, % ** 72.7 41.2 37.5
**p < 0.01
5 T
) T
3 -
2 -l
l -l
0 -
SMAII SMA 111 SMA IV
p <0.05

Fig. 1 — SMIN2 gene copy number in the patients with different types of spinal muscularatrophy(SMA)
with homozygous deletion of exon 7 in SMN1 gene (n = 36).
SMA 1I — disease onset between 6 and 15 years of age with the absence of the ability to walk
independantly; SMA III — disease onset developed the ability to walk,
between 15 months of age and 20 years; SMA IV — disease onset after 20 years.
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of statistical significance due to the small number of obser-
ved cases (OR 4.9; 95% CI 0.5-48.6; p > 0.05).

The SMN2 gene copy number did not depend on gender
(p > 0.05). Also, it did not show any correlation with achie-
ved motor milestones (p > 0.05) and with the presence of the
spine deformities and limb contractures (p > 0.05). A higher
SMN2 gene copy number was associated with a better cur-
rent motor performance (p < 0.05) (Table 2). Log-rank test
showed similar survival until inability to walk in patients
with 4 and 5 SMN2 gene copy numbers, thus we finally
compared survival in the patients with 3 vs 4 or 5 copies (Fi-
gure 2). In the patients with 3 copies inability to walk deve-
loped after 23.7 (95% CI 12.2-35.2) years, and in those with
4 or 5 copies after 37.4 (95% CI 31.5-43.2) years (p < 0.05).

Table 2
Association between SMN2 gene copy number and current
motor performance in the patients with spinal muscular
atrophy (SMA) (n = 36)
Achieved milestones SMN2 gene copy number

Not able to sit 28+0.5
Sitting with support 3.0+ 0.0
Sitting independently 35+0.8
Walking with support 3.6+£09
Walking independently 3.8+1.0
p<0.05

1.0 —D_\

0.8

0.6 [ o

0.4 | ‘

0.2 ‘

0.07 ‘

.DIEI 20?00 40?00 BDI.UEI

Fig. 2 — Survival analysis until inability to walk in the pa-
tients with 3 vs 4 or 5 SMIN2 gene copy numbers.
x-axis — duration of disease until inability to walk; y-axis — per-
centage of patients who are able to walk; p <0.05 when compare
the patients with 3 SMIN2 gene copies (in blue) with 4 or §
SMN2 gene copies (in green).

Discussion

The proportion of our SMA patients with homozygous
deletion of exon 7 of the SMN1 gene was 86% which is si-
milar to the findings of other authors, i.e. 94-95% '*. Deleti-
on of the exon 7 of only one allele of SMN1 gene was found
in 9% of our cases and it was probably in association with
the point mutation on the other allele which we were not able
to test. It is also possible that 5% of patients with both copies

of the SMNI1 exon 7 had two point mutations, one in each
SMN1 copy. However, one should not rule out the
possibility that disease in these patients might be caused by
mutations in some other gene.

Almost half of our patients had SMA type III, while SMA
type I was registered in only one patient. Short survival of pati-
ents with SMA type I, and a cross-sectional design of the study
resulted in an almost complete lack of patients with the most se-
vere form of SMA.

Less severe SMA types were in association with later age
at onset and better milestones achievement, which was expected
by SMA classification '°. Also, patients with less severe SMA
types were elder and had better current motor performance
which is in line with previous findings that patients with later
onset of SMA have normal or almost normal life expectancy .
Furthermore, later disease onset is accompanied by a milder di-
sease course and longer independent ambulation '*. We also ob-
served the increased incidence of cases with spine and extremity
deformities in more severe SMA types. It is well-known that
muscle weakness in SMA patients leads to the limited joint mo-
tion and consequent contractures . Muscle weakness is consi-
dered the main factor in the etiology of these changes '* .

In the present study, the number of SMN2 gene copies
was statistically significantly higher in the patients with less
severe SMA types which correspond with the published data.
Patients with SMA type I usually have 1-3 SMN2 gene co-
pies, most frequently 2 *'®'°, patients with type II have 2—4
copies, usually 3 %' In type III, more than 90% of cases
have 3—4 copies . In type 1V, 46 SMN2 gene copies
have been found *'. Furthermore, in our patients with the
SMA number of SMN2 gene copies correlated with better
current motor performance. Survival until inability to walk
was almost 14 years longer in SMA patients with 4 or 5 co-
pies of SMN2 gene compared to patients with only 2 copies.

8,17, 19

According to our and previous findings, it is generally
possible to predict SMA severity on the basis of the SMN2
gene copy number ®. However, the absence of the direct
correlation of the SMN2 gene copy number with achieved
motor milestones and the presence of the spine deformities
and limb contractures, suggest that clear prognosis of SMA
phenotype cannot be based only on SMN2 copies. This is in
line with previous data '*. The prognosis might be more pre-
cise with determination of the status of another gene respon-
sible for synthesis of the neuronal apoptosis inhibitory prote-
in (NAIP). In SMA patients, homozygous deletion of the
NAIP gene is present in 44.8% of patients, and the highest
number of patients with homozygous deletions of the NAIP
gene and the SMN1 gene belongs to the SMA type 1*°. Ot-
her disease modifiers are suggested in the literature, such as
genes for plastin 3, chondrolectin, NAIP, p44, H4F5, occlu-
din etc. 2 **. Also, a larger deletion of the SMN1 gene might
be in association with more severe phenotype since neighbor
genes (SERF1A, GTF2H2, RAD17) may also be affected.
Studies are contradictory in regard to differences in the
severity of SMA between males and females. While one
study found a greater decline in female pulmonary functi-
on »*, another one showed that feminine gender has a mitiga-
ting effect on disease severity . In our study patients gender
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was not associated with SMA type, the presence of spine and
joint contracture, and current motor status. Furthermore, the
number of SMN2 gene copies does not differ between sexes.

This finding is in accordance with previous studies

9,25

Conclusion

In Serbian patients with spinal muscular atrophy, a hig-

her SMN2 gene copy number correlated with the less severe

9.

10.

11.

12.

13.

14.

disease phenotype. A possible effect of other phenotype mo-
difiers should not be neglected.
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Abstract

Background/Aim. Hypomineralization of molars and incisors
(molar-incisor hypomineralization — MIH) is defined as enamel
hypomineralization of systemic origin of one or more of the four
first permanent molars, which may be associated with changes in
the maxillary, and less frequently in the permanent mandibular in-
cisors. The aim of this study was to investigate the mineral content
in hypomineralized teeth as a contribution to under-standing the
origin of these changes, which will be important for effective
restorative approach. Methods. A total of 10 extracted first per-
manent molars diagnosed with MIH were used in the study as the
expetimental group, and intact first premolars extracted for ortho-
dontic reasons were used as the control group. A certain surface of
hypomineralized and healthy enamel and dentin was analyzed us-
ing a scanning electron microscope equipped with an energy-
dispersive spectrometer (SEM/EDS). Results. By conducting
quantitative chemical analysis of the distribution of the basic
chemical elements, it was found that the concentration of calcium
(Ca) and phosphotus (P) was significantly higher in healthy enamel
(Ca = 28.80 wt%, and P = 15.05 wt%) compared to hypomineral-
ized enamel (Ca = 27.60 wt% and P = 14.32 wt%). Catbon (C)
concentration was statistically significantly higher in hypomineral-
ized enamel (C = 11.70 wt%) compared to healthy enamel (C =
10.94 wt%). Hypomineralized and healthy enamel did not differ
significantly regarding the ratio of calcium and phosphorus con-
centrations whereas the ratio of calcium and carbon concentrations
was statistically significantly higher in healthy enamel compared to
hypomineralized enamel. Conclusion. Concentration of the main
chemical elements, primarily calcium and phosphorus, is signifi-
cantly reduced in hypomineralized enamel whereas carbon con-
centration is increased compared to healthy enamel.

Key words:
tooth demineralization; molar; dental enamel; dentin;
elements; microscopy, electron, scanning.

Apstrakt

Uvod/Cilj. Hipomineralizacija molara i sekuti¢a (molar-incisor
hipomineralisation — MIH) definiSe se kao hipomineralizacija sis-
temskog porekla jednog ili vise od cCetri prva stalna molara, koja
moze biti udruzena sa promenama na maksilarnim, a nesto re-
de na mandibularnim sekuti¢ima. Cilj ovog rada bio je da se is-
trazi mineralni sadrzaj hipomineralizovanih zuba kao doprinos
razumevanju nastanka ovih promena, §to ¢e biti od znacaja za
efikasniji restaurativni pristup. Metode. U istrazivanju je
koris¢eno 10 izvadenih prvih stalnih molara sa dijagnozom
MIH, kao eksperimentalna grupa, a kao kontrolna grupa zuba
koris¢eni su prvi intaktni premolari izvadeni iz ortodonskih
razloga. Odredena povrsina hipomineralizovane i zdrave gledi i
dentina analizirana je pomocu elektronskog mikroskopa
opremljenog  energetskim  disperzionim  spektrometrom
(SEM/EDS). Rezultati. Kvantitativnom hemijskom analizom
raspodele osnovnih hemijskih elemenata, utvrdeno je da je
koncentracija kalcijuma (Ca) 1 fosfora (P) bila statisticki
znacajno veca u zdravoj gledi (Ca = 28,80% tez. i P = 15,05%
tez) u odnosu na hipomineralzovanu gled (Ca = 27,60% tez. i
P = 14.32% tez). Koncentracija ugljenika (C) bila je statisticki
znacajno veca u hipomineralizovanoj gledi (C = 11,70% tez) u
odnosu na zdravu gled (C = 10,94% tez). Zdrava i hipominera-
lizovana gled nisu se statisticki znacajno razlikovale u odnosu
koncentracija kalcijuma i fosfora, dok je odnos koncentracija
kalcijuma 1 ugljenika statisticki bio znacajno vedi u zdravoj gledi
u odnosu na hipomineralizovanu gled. Zaklju¢ak. Koncentra-
cija osnovnih hemijskih elemenata, pre svega kalcijuma i fosfo-
ra, znacajno je snizena u hipomineralizovanoj gledi, a koncen-
tracija ugljenika povisena u poredenju sa zdravom gledi.

Kljucne reci:
zub, demineralizacija; molari; zub, gled; dentin;
elementi; mikroskopija, elektronska, skenirajuca.
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Introduction

Hypomineralization of molars and incisors (molar-incisor
hypomineralization — MIH) ' is defined as enamel hypominer-
alization of systemic origin of one or more of the four first
permanent molars, which may be associated with changes in
the maxillary, and less frequently in the mandibular permanent
incisors ',

This condition has been found in children throughout Eu-
rope and is considered to be a significant problem in terms of
dental health in many countries *.

Former studies indicate that hypomineralization changes
in the first permanent molars and incisors are the result of the
interruption of the enamel formation process from about 37
weeks to 3 years of age. Obstacles during the formation proc-
ess of enamel matrix will manifest as quantitative or morpho-
logical defects (hypoplasia or hypoplastic changes) *, while in-
terruptions in the process of mineralization or maturation can
produce morphologically normal, but structurally or qualita-
tively defective hypomineralized enamel *.

Hypomineralized teeth which are not part of some other
structural anomaly have been noticed in everyday dental
practice since a long time ago. Hypomineralization is clini-
cally manifested as a disturbance in translucency of enamel
(enamel opacities). Defective opaque enamel is of normal
thickness, with smooth surface and can be whitish, white-
yellow or yellow-brown and the defect typically has a clear
line between affected and healthy enamel. These changes are
usually localized to the vestibular surface of incisors and
cusps of molars >°.

Hypomineralized molars, depending on their degree of
hypomineralization, are brittle, fragile and, as such, liable to
posteruptive chipping of enamel caused by chewing forces.
Teeth affected by MIH are sensitive to thermal, mechanical
and chemical stimuli

It has been discovered that mechanical characteristics in
MIH teeth such as hardness and modulus of elasticity are sig-
nificantly lower than in healthy enamel """,

Hypomineralized enamel surface is substantially disor-
ganized, its content of inorganic compounds, primarily Ca/P
ratio, is reduced by 5-20%, and increased content of carbon
and carbonates can be noted if compared to normal enamel.
Enamel in the cervical area of a tooth usually retains normal
structure ' ¢,

While biological and physicochemical factors or the
ones of environmental origin that lead to these disorders
still remain unclear, the effects of the changes in mechani-
cal properties of hypomineralized enamel, as well as re-
duced concentration of basic inorganic compounds are
quite clear. The microstructure of hypomineralized enamel
in permanent teeth has been described in several studies to
have less organized prismatic structure with wide inter-
prismatic zones 7.

Numerous studies, using different methods for study-
ing morphological, chemical and mechanical properties of
hypomineralized enamel compared to normal enamel of
permanent teeth, show that there is a significant difference
between the two "> '+ 1* ¥,

The fact that some basic analyses of the enamel in the
first permanent molars with the diagnosis of MIH in some re-
searches show changes in chemical and mineral composition
of the enamel, the aim of this study was to examine the min-
eral composition of hypomineralized teeth as the contribution
to understanding the causes of these changes, which will be of
significant importance to some more efficient and restorative
approach.

Methods

The study was approved by the Ethics Committee of the
Faculty of Medicine, University of Pristina, with the
headquarters in Kosovska Mitrovica.

A total of 10 extracted first permanent molars diag-
nosed with severe MIH were used in the study as the teeth
of the experimental group. The increased risk of posterup-
tive enamel loss and failure of restoration, rapid develop-
ment of caries, unpredictable behavior of the remaining
enamel, the failure to achieve an adequate level of analge-
sia, dental fear and anxiety of children, were all the
justifying reasons for extraction of first permanent molars
diagnosed with severe MIH and in combination with ortho-
dontic treatment applied upon the extraction.The optimal
time for extraction is the beginning of calcification and bi-
furcation of the root of the mandibular second molar at the
age of 8.5-9.5 years. If extraction is performed after that
time, a problem of space and ill-positioning of the second
permanent molar may incur.

Intact first premolars extracted for orthodontic reasons
were used as the teeth of the control group, since healthy first
permanent molars were not indicated for extraction and thus
difficult to collect for evaluation. According to the literature,
there is no evidence that the enamel structure of premolars is
different from the enamel structure of molars '°

We used the teeth of children aged 8.5-10 years for
whom we received written parental consent to participate in
the study, and who had previously been fully informed, orally
and in writing, about the aims of the study.

The extracted teeth were fixed in 4% formalin and kept
until preparations and measurements in test tubes without
identification, so that none of the teeth could point to a specific
patient.

The analysis of the chemical properties of the enamel
was performed in the Laboratory for Scanning Electron Mi-
croscopy with Energy-Dispersive Spectrometry (SEM-EDS) at
the Faculty of Mining and Geology, University of Belgrade.

Specific surface was examined by means of a scanning
electron microscope (SEM) type JEOL JSM-6610LV at 20
kV. Relative amounts of the measured chemical elements were
calculated using Energy-Dispersive System-EDS, model X-
Max Large Area Analytical Silicon Drift connected with IN-
CA Energy 350 Microanalysis System, with the detection limit
of 0.1 mas. % and resolution of 126 eV.

For the initial preparation of samples, the coronal part
of the selected teeth was separated from the roots using a
diamond disc, and then the crown was cut into a buccal and
oral part in the mesial-distal direction, with constant cooling
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at the speed of 6000 rev/min. The resultant of the tooth
crown was put into epoxy resin, so that the longitudinal sec-
tion of enamel and dentin was visible. The obtained portion
was polished on the surface on one side with the fine silicon
carbide paper, and finally with 9 and 1 um diamond paste.
Polishing was needed to obtain highly polished surfaces for a
quantitative chemical analysis. Then the samples were
sprayed and coated with the carbon layer of 15-25 nm thick-
ness, so that the surface could be electron transparent for the
penetrating electron beam. The device SCD005 LEICA
model was used for carbon vapor deposition of the samples.
The samples for the SEM analysis had to be previously
cleaned by plunging into ethanol and keeping in an ultra-
sonic bath for a few minutes, and then dried under an ordi-
nary lamp. The sample was then fixed on the holder and
placed on the table in the scanning electron microscope
chamber. The signals from the sample, via the detectors
placed in the sample chamber, were transferred electronically
to a computer, which is a part of an energy-dispersive sys-
tem, for EDS analyses. The image of back-scattered elec-
trons (BSE) and secondary electrons (SE) can also be trans-
ferred to a computer for EDS analysis, making it possible to
choose points for analysis directly on the image, and the
analysis can be at a single point or along a selected line.

Quantitative analysis of the distribution of chemical ele-
ments in enamel and dentine was done by applying "dotted"
analysis at various distances of previously determined line of
analysis. For analysis, 31 points were selected on each examined
section both in the enamel and the dentine as follows: the first
examined point was randomly selected in dentine and the
following 30 points from the enamel-dentine border in occlusal
direction through the enamel section surface (Figures 1 and 2).
The following methods of statistical processing were used to test
the results: Mann-Whitney U-test, Student's t-test and 2 test.

Results

Basic chemical elements of both healthy and hypomin-
eralized enamel and dentin were distributed by conducting

quantitative chemical analysis. Basic chemical elements plus
oxygen whose content had been calculated by stoichiometric
calculations were detected. The results of the analysis are
displayed in Table 1.

Basic chemical elements analysis of healthy enamel
showed that the mean value of Ca concentration was 28.80
wt% whereas the mean value of calcium concentration in
hypomineralized enamel was 27.60 wt%. It is observed that
the concentration of calcium was significantly higher in
healthy enamel compared to hypomineralized enamel (F =
7.24; p = 0.014). Analysis of the distribution of calcium con-
centration indicated the values in enamel layers, going from
the enamel-dentine border occlusally, to be as follows: the
first 12 of the analyzed spectra were of no statistical signifi-
cance compared to hypomineralized enamel. The spectra was
used to label the relative mass distribution per element
within the examined point, the same way as operated and de-
fined by EDS spectrometer. The values of calcium concen-
tration in healthy enamel in other spectra compared to hy-
pomineralized enamel were statistically significantly higher
(p <0.05).

The mean value of phosphorus concentration in
healthy enamel was 15.05 wt% and in hypomineralized
enamel 14.32 wt%. Phosphorus concentration was statisti-
cally significantly higher in healthy enamel compared to
hypomineralized enamel (F = 6.09; p = 0.024). Analysis of
the results confirmed that the distribution of phosphorus
concentration in enamel layers, going from the enamel-
dentine border occlusally, at the first 14 analyzed spectra,
was of no statistical significance, whereas at the following
16 analyzed spectra these values were significantly higher
in healthy enamel compared to hypomineralized enamel (p
<0.05).

The mean value of carbon concentration in healthy
enamel was 10.94 wt% and in hypomineralized enamel
11.70 wt%. Carbon concentration was statistically signifi-
cantly higher in hypomineralized enamel compared to
healthy enamel (F = 6.22; p = 0.023). Analysis of the re-
sults of carbon concentration distribution indicated that, go-

imm
Fig. 1 — Selected area for energy dispersive spectrometry
(EDS) analysis — hypomineralization of first permanent
molars (molar incisor hipomineralization group).

K mm
Fig. 2 — Selected area for energy dispersive spectrometry
(EDS) analysis — first permanent premolars
(healthy enamel group).
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Table 1

The concentration profile of chemical elements of hypomineralized and healthy tooth enamel and dentin expressed in
weight percentage

Spectrum Calcium ( %) Phorporus (%) Carbon (%) Oxygen (%)
MIH HE MIH HE MIH HE MIH HE

Spectrum 1 14.21 14.35 8.30 8.41 9.62 9.03 44.53 44.72
Line Spectrum (1) 27.69 28.07 14.51 14.37 11.71 12.51 44.56 43.68
Line Spectrum (2) 27.30 27.97 14.68 14.95 10.78 10.86 44.34 43.98
Line Spectrum (3) 28.15 28.76 14.97 15.02 10.98 10.97 44.74 44.04
Line Spectrum (4) 27.66 28.53 14.56 14.83 11.52 11.20 4472 43.15
Line Spectrum (5) 27.61 28.42 14.46 14.84 11.78 11.26 44.67 44.42
Line Spectrum (6) 28.00 28.17 14.94 15.19 10.89 10.53 44.86 44.32
Line Spectrum (7) 27.55 27.98 14.85 15.00 11.01 10.98 44.74 43.90
Line Spectrum (8) 28.15 28.31 14.52 15.11 11.72 11.07 44.79 44.29
Line Spectrum (9) 28.16 28.14 14.44 14.72 10.56 10.47 45.07 44.08
Line Spectrum (10) 27.92 28.08 14.34 14.79 11.01 11.22 44.86 44.12
Line Spectrum (11) 28.09 28.15 14.90 15.08 11.84 11.26 45.13 4421
Line Spectrum (12) 27.18 27.63 14.23 14.74 12.08 11.02* 45.19 43.98
Line Spectrum (13) 27.14 28.61%* 14.98 15.02 12.12 11.10% 45.00 43.97
Line Spectrum (14) 27.24 28.61* 14.13 14.64 11.96 11.08* 44.98 44.13
Line Spectrum (15) 27.19 28.39* 13.36 14.80* 11.63 11.24 44.02 44.00
Line Spectrum (16) 27.17 28.53* 13.83 14.93* 11.66 11.11 45.02 43.90
Line Spectrum (17) 26.53 28.65%* 14.08 15.01* 11.94 10.76* 45.00 43.86
Line Spectrum (18) 26.73 28.63* 13.71 14.78* 11.92 10.95% 44.98 43.60
Line Spectrum (19) 27.23 28.94% 13.97 15.19% 11.94 10.75% 44.97 43.86
Line Spectrum (20) 26.36 28.70* 13.89 15.04* 11.90 10.97* 45.08 43.60
Line Spectrum (21) 26.52 27.91%* 14.16 15.18%* 11.99 10.76* 44.67 43.64
Line Spectrum (22) 27.06 28.82% 13.84 15.24% 11.62 10.75* 44.73 43.21
Line Spectrum (23) 27.03 27.70%* 14.59 15.40* 11.68 10.45* 44.85 43.29
Line Spectrum (24) 26.71 28.26* 13.73 15.42% 11.82 10.46* 44.35 43.30
Line Spectrum (25) 26.98 28.32% 14.86 15.39* 11.33 10.48%* 44.49 43.04
Line Spectrum (26) 26.87 28.58% 13.74 15.55% 11.45 10.26* 4421 43.31
Line Spectrum (27) 26.40 28.22% 13.79 15.53* 11.33 10.27* 44.11 43.06
Line Spectrum (28) 26.88 28.56%* 14.82 15.51* 11.61 10.30% 43.97 42.71
Line Spectrum (29) 26.73 28.93* 13.82 15.78* 10.99 9.96* 44.10 42.84
Line Spectrum (30) 26.95 28.75% 13.60 15.74* 11.11 10.04* 44.72 43.77
Mean 27.06 28.80* 14.32 15.05* 11.70 10.94* 44.62 43.17
Std. deviation 1.47 1.03 0.78 0.06 1.06 0.95 1.25 0.09
Max. 28.16 28.94 14.97 15.78 12.12 12.51 45.19 44.42
Min. 26.36 27.63 13.36 14.37 10.56 9.96 43.97 42.71

*Statistically significant (p < 0.05); MIH — molar incisor hipomineralization group; HE — healthy teeth group.

ing from the enamel-dentine border occlusally, at the first
12 analyzed spectra, these values were of no statistical sig-
nificance, as well as in the 15th and 16th analyzed spec-
trum, whereas at the following examined points these valu-
es were significantly lower in healthy enamel compared to
hypomineralized enamel (p < 0.05).

The experimental and control groups of teeth did not
differ significantly when the concentration of calcium and
phosphorus was considered, as well as the carbon in dentin
(F=3.30; p=0.087).

Analysis of the ratio of calcium and phosphorus con-
centration in healthy enamel was 1.91, whereas the ratio of
calcium and phosphorus concentration in hypomineralized
enamel was 1.90. Analysis of the ratio of calcium and car-
bon concentration in healthy enamel was 2.65, and the ratio
of calcium and carbon concentration in hypomineralized
enamel was 2.39. Healthy and hypomineralized enamel did
not differ significantly in terms of statistics considering the

ratio of calcium and phosphorus concentration (F = 3.30; p
= 0.087), whereas the ratio of calcium and carbon concen-
tration was statistically significantly higher in healthy ena-
mel compared to hypomineralized enamel (F = 6.14; p =
0.023) (Table 2).

Table 2
The ratio of calcium/phosphorus and calcium/carbon
concentrations of healthy and hypomineralized tooth
enamel of the examined teeth

Parameter Ca-P Ca-C

MIH HE MIH HE
number of teeth 10 10 10 10
mean 1.90 1.91 2.39 2.65
SD 0.05 0.04 0.36 0.28
p <0.000 <0.000

MIH - molar incisor hipomineralization group;
HE — healthy teeth group; SD — standard deviation.
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Discussion

In previous studies a number of different methods have be-
en used for studying chemical and mineral properties of
hypomineralized enamel in teeth with MIH '>'% %21,

A number of studies analyzing the enamel in permanent first
molars diagnosed with MIH have shown changes in chemical
composition, as well as reduction in mineral composition >'> . A
reduction in the volume of mineral content by 20% indicates the
presence of higher concentration of organic compounds in the
area of hypomineralized enamel '*. Tt is assumed that in
hypomineralized teeth the removal of the remaining proteins
(amelogenin, enamelin, etc.) may be incomplete ****.

In this study, analysis of basic chemical elements in enamel
shows that in terms of statistics the concentration of calcium and
phosphorus is significantly higher in healthy enamel compared to
hypomineralized enamel. The finding of lower levels of calcium
and phosphorus in hypomineralized enamel compared to healthy
one is in line with the research conducted by Fagrell et al. *°. Simi-
lar results have been shown in other studies, too > "'

Analysis of the results of carbon concentration shows that
the values are significantly higher in hypomineralized enamel
compared to healthy enamel.

Jilevik et al. " assumed in their study that increased car-
bon content, determined by means of radiographic micro-
analysis, may be the result of increased carbonate concentration,
or an increase in organic components of the enamel.

Increased carbon content in hypomineralized enamel
compared to normal enamel has been proved in other studies,
t00 12,17, 19, 20.

Analysis of healthy and hypomineralized enamel shows
that there is no significant difference regarding calcium and
phosphorus concentration.

Fagrell et al. *° also found in their study in 2010 that
calcium / phosphorus ratio was not significantly different
between normal and hypomineralized enamel.

This was in contrast to the previous study conducted by
Jilevik et al. '®. However, other studies have also found a
stable calcium/phosphorus ratio (Ca/P), despite some diffe-
rences in the level of mineralization.

Different results in the literature have been discussed by
Mahoney et al. '> ", leaving some room for further discussi-
on. The explanation for the stable calcium/phosphorus ratio
(Ca/P) is in what it actually represents. It is assumed that in
hypomineralized enamel with a higher content of organic
matter, phosphorus analyzed by means of radiographyc
microanalysis, possibly derives not only from hydroxyl apa-
tites, but also from organic matter.

In this study, the ratio of calcium and carbon concentra-
tion is statistically significantly higher in healthy enamel
compared to hypomineralized enamel.

As well as in ours, the research conducted by Fagrell
et al. *° indicated that the average value of carbon was
significantly higher in hypomineralized enamel compared
to normal one, whereas calcium/carbon ratio had
significantly lower values in hypomineralized enamel com-
pared to normal.

This study confirms the findings of other researchers —
hypomineralized first permanent molars do not only have
morphological changes but also reduced concentration of ba-
sic chemical elements in the basis of their defects.

A reduced concentration of basic chemical elements of
hypomineralized enamel in first permanent molars explains
the reduced resistance of the affected enamel to pressure du-
ring mastication and inadequate retention of the material du-
ring restoration.

Further studies of mineral content, ultrastructure and
mechanical properties of hypomineralized teeth would be
useful for understanding the origin of these phenomena and
would help with the selection of restorative materials.

Conclusion

This study confirms the findings of other researchers —
hypomineralized first permanent molars do not only have
morphological changes but also a reduced concentration of
basic chemical elements in the basis of their defects. By con-
ducting quantitative chemical analysis of the distribution of
the basic chemical elements, it was found that, in terms of
statistics, the concentration of calcium and phosphorus was
significantly higher in healthy enamel when compared to hy-
pomineralized enamel. Carbon concentration was significan-
tly higher in hypomineralized enamel compared to healthy
enamel. Healthy and hypomineralized enamel do not differ
significantly regarding the ratio of calcium and phosphorus
concentration whereas the ratio of calcium and carbon con-
centration is significantly higher in healthy enamel compared
to hypomineralized enamel.

Further studies of the mineral composition of hypomin-
eralized teeth would contribute to obtaining a clearer etiol-
ogy of the changes on MIH affected teeth as well as the in-
fluence on mechanical resistance during the mastication pro-
cess. Furthermore, clearer knowledge on irregularities of
structural integrity of hypomineralized tooth enamel would
lead to better diagnostics, prevention and treatment of this
malformation on the first permanent molars and incisors.
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Abstract

Background/Aim. Magnetic resonance imaging (MRI) is a
key modality not only for lesion diagnosis, but also to evalu-
ate the extension, type and grade of the tumor. Advanced
MRI techniques provide physiologic information that com-
plements the anatomic information available from conven-
tional MRI. The aim of this study was to determine whether
there is a correlation between apparent diffusion coefficient
(ADC) maps of intracranial glial tumors and histopathologic
findings and whether ADCs can reliably distinguish low-
grade from high-grade gliomas. Methods. This retrospec-
tive study included 25 patients with MRI examination up to
seven days before surgery, according to the standard proto-
col with the following sequences: T1WI, T2WI, FLAIR,
DWI and post contrast T1WI. Data obtained from DW
MRI were presented by measuring the value of ADC. The
ADC map was determined by utilizing Diffusion-Perfusion
(DP) Tools software. All the patients underwent surgical
resection of the tumor. Histological diagnosis of tumors was
determined according to the World Health Organization
(WHO) classification. The ADC values were compared with
the histopathologic findings according to the WHO criteria.
Results. The ADC values of astrocytomas grades I
(0.000614 + 0.000032 mm?/s) were significantly higher
(< 0.001) than the ADC values of anaplastic astrocytomas
(0.000436 + 0.000016 mm?/s) and the ADC values of gliob-
lastomas multiforme (0.000070 £ 0.000008 mm?/s). The

Apstrakt

Uvod/Cilj. Magnetna rezonanca (MRI) je kljuéni modalitet ne
samo za dijagnostiku lezija, vec i za procenu tipa i gradusa tu-
mora i stepena Sirenja u okolno tkivo. Savremene MRI tehnike,
kao sto je diffusion-weighted imaging (DWI), obezbeduje fizioloske
informacije o tumoru, dopunjujuéi anatomske informacije do-
bijene na konvencionalnom MRI. Cilj nase studije bio je da se
utvrdi da li postoji korelacija mape prividnog difuzionog koefi-

ADC values of astrocytomas grades II (0.000530 =+
0.000114 mm?/s) were significantly higher (< 0.001) than
the ADC values of anaplastic astrocytomas (0.000436 +
0.000016 mm?/s) and glioblastomas multiforme (0.000070
+ 0.000008 mm?/s). The ADC values of anaplastic astrocy-
tomas (0.000436 = 0.000016 mm?/s) were significantly
higher (< 0.001) than the ADC values of glioblastomas mul-
tiforme (0.000070 + 0.000008 mm?/s). The ADC values in
the cystic part of the tumor for astrocytomas grades I
(0.000775 £ 0.000023 mm?/s) wete significantly higher
(< 0.001) than the ADC values of anaplastic astrocytomas
(0.000119 * 0.000246 mm?/s) and glioblastomas multifor-
me (0.000076 £ 0.000004 mm?2/s). The ADC values
astrocytomas grades II (0.000511 £ 0.000421 mm?/s) wete
significantly higher (< 0.001) than the ADC values of gliob-
lastomas multiforme (0.000076 * 0.000004 mm?/s). Con-
cluson. DWI with calculation of ADC maps can be re-
garded as a reliable useful diagnostic tool, which indirectly
reflects the proliferation and malignancy of gliomas. The
ADCs maps can both predict the results of histopathologi-
cal tumor and distinguish between low- and high-grade
gliomas, and provide significant information for presurgical
planning, treatment and prognosis for patients with high-
grade astrocytomas.

Key words:
glioma; diffusion magnetic resonance imaging;
diagnosis; neoplasm staging.

cijenta (ADC) i patohistoloskog nalaza, i da li ADC koeficijent
moze napraviti razliku izmedu niskogradusnih i visokogradus-
nih glioma. Metode. Ovom retrospektivnom studijom bilo je
obuhvaceno 25 bolesnika, kod kojih je uraden MRI pregled do
sedam dana pre operacije, prema standaradnom protokolu sa
slede¢im sekvencama: T1WI, T2WI, FLAIR, DWI i postkon-
trastna T1WI. Podaci dobijeni od DW MRI predstavljeni su
merenjem vrednosti ADC koeficijenta. ADC mapa je odredi-
vana koris¢enjem Diffusion-Perfusion (DP) Tools softvera. Svi bo-
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lesnici bili su podvrgnuti hirurskoj resekeiji tumora. Histoloska
klasifikacija tumora izvrSena je prema kriterijumima Svetske
zdravstvene organizacije. Dobijene ADC vrednosti uporediva-
ne su sa patohistoloskim nalazom tumora. Rezultati. Vrednost
ADC koeficijenta astrocitoma gradus I (0,000614 £ 0,000032
mm?/s) bila je statisticki znacajno visa (< 0,001) od vrednosti ADC
koeficijenta  anaplasticnog  astrocitoma  (0,000436 £ 0,000016
mm?/s) i glioblastoma multiforme (0,000070 £ 0,000008 mm?/s).
Vrednosti ADC koeficijenta astrocitoma gradusa 11 (0,000530 *
0,000114 mm?/s) bila je statisticki znacajno visa (< 0,001) od vred-
nostit ADC koeficijenta anaplasticnog astrocitoma (0,000436 *
0,000016 mm?/s) i glioblastora multiforme (0,000070 £ 0,000008
mm?/s). Vrednost ADC koeficijenta anaplastiénog astrocitoma
(0,000436 *+ 0,000016 mm?/s) bila je statisticki znacajno visa (<
0,001) od vrednosti ADC koeficijenta glioblastoma multiforme
(0,000070 = 0,000008 mm?/s). Astrocitom gradusa I
(0,000775 % 0,000023 mm?/s) imao je vtednost ADC koefici-
jenta cisticnog dela tumorskog tkiva statisticki znacajno visu (<

0,001) od vrednosti ADC anaplasticnog astrocitoma (0,000119 *
0,000246 mm?/s) i glioblastoma multiforme (0,000076 + 0,000004
mm?/s). Vrednost ADC koeficijenta astrocitoma gradusa II
(0,000511 + 0,000421 mm?/s) je bila statisticki znacajno visa
(< 0,001) od vrednosti ADC koeficijenta glioblastoma multiforme
(0,000076 £ 0,000004 mm?/s). Zaklju¢ak. DWI sa odrediva-
njem ADC mape moze se smatrati pouzdanim dijagnostickim
sredstvom koje posredno odrazava proliferaciju 1 malignitet gli-
oma. Vrednost ADC mape moze predvideti histopatoloske re-
zultate tumora, razlikovati niskogradusne od visokogradusnih
glioma, ali i pruzZiti znacajne informacije za prehirursko planira-
nje, lecenje i prognozu bolesnika sa visokogradusnim astroci-
tomima.

Kljucne reci:
gliom; magnetna rezonanca, difuziona; dijagnoza;
neoplazme, odredivanje stadijuma.

Introduction

‘The first application of magnetic resonance imaging
(MRI) in the early 1980s radically changed the radiographic
diagnosis of primary and secondary brain tumors. MRI is a
key modality not only for lesion diagnosis, but also to evalu-
ate the extension, type and grade of the tumor. Advanced
MRI techniques such is diffusion weighted imaging (DWI)
provide physiologic information that complements the anat-
omic information available with conventional MRI '. In re-
cent years the increasing number of the world's researches
has been focused on proving the fundamental and practical
importance of DWI and apparent diffusion coefficient
(ADC) and the possibility of using the results in tumor grad-
ing, determination of tumor cellularity, to differentiate tumor
and perifocal edema and especially emphasizes the possible
ability to predict response to applied treatment of tumor *.
There appears to be a correlation between the apparent diffu-
sion coefficient values on the one hand and tumor cellularity
and tumor grade on the other’. Research data on intracranial
tumors indicate that high ADC values were attributable to
low cellularity, necrosis or cysts, and lower values to dense,
highly cellular tumor *.

The aim of this study was to determine whether there is
a correlation between ADC maps of intracranial glial tumors
and histopathologic findings and whether ADC values can
reliably distinguish low- grade from high-grade gliomas.

We have hypothesized that the ADC value can make
the difference between low and high grades gliomas, and
ADC value ratio can predict the histoapthological results of
tumros.

Methods

A retrospective study involved a group of 25 patients with
histologically proven intracranial gliomas. MRI examination
was performed on the Siemens Avanto MR device (Erlangen,
Germany) with magnetic field of 1.5 Tesla (T). The examina-
tions were performed in all the patients, up to seven days before

surgery, according to the standard protocol with the following
sequence: TIWIL, T2WI, FLAIR, DWI and post contrast TIWI.
All the patients underwent surgical resection of the tumor. His-
tological diagnosis of tumors was determined according to the
World Health Organization (WHO) classification.

Data obtained from DWI MRI were presented by meas-
uring the value of ADC coefficients. The ADC map was de-
termined by utilizing DP Tools software (Figurel). Based on
the typical MR output, data in terms of localization, size and
morphological characteristics of the tumor were determined;
based on the quantity of DWI MRI values and its degree of
malignancy (biological potential) was established. The ADC
values were compared with the histopathologic findings ac-
cording to the WHO criteria.

Fig. 1 — Apparent diffusion coefficients (ADC) map of pa-
tients with glioblastoma multiforme.

For registration, grading, grouping, graphical and tabu-
lar representation of the data, Microsoft Excel 2003 software
was utilized. The results were analysed by SPSS software,
version 10.0. Within this analysis the statistical boundary of
an error was within 0.05 (5%). The following statistical pa-
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rameters were shown: arithmetic mean (X), standard devia-
tion (SD), median, minimal value, maximum value and index
of structure (%). By comparing the values of DWI and ADC
among different patients that were researched with patho-
logical diagnostics, analysis of variance (ANOVA) and Dun-
nett post hoc test were performed. The correlation was car-
ried out by quantitative comparison of the vales of ADCs
with the degree of malignancy, and the DWI MR diagnosis
with definite histopathological diagnosis of brain tumors.

Results

Out of 25 patients with gliomas included in the study 15
(60%) were men and 10 (40%) women. Malignancy of the tu-
mor was graded by WHO I-IV. The diagnosis of the tumor
was astrocytoma grade I (2 patients), astrocytoma grade II (5
patients), anaplastic astrocytoma (5 patients), glioblastoma
multiforme (13 patients) (Table 1).

The average age of all the patients was 50.40 + 12.53
years. The youngest patient had 19 and the oldest ones 77
years. The patients with glioblastoma multiforme (54.08 +
2.83 years) and anaplastic astrocytomas (52.00 £ 9.59 years)
were older those with the astrocytoma grade 1 (49.00 + 2.83
years) and astrocytoma grade II (39.80 £ 9.63 years) (Table 2).

The ADC values of astrocytomas grade 1 (0.000614 +
0.000032 mm?/s) were significantly higher (< 0.001) than the
ADC values of anaplastic astrocytomas (0.000436 £ 0.000016
mm%/s) and ADC values of glioblastomas multiforme
(0.000070 + 0.000008 mm?*/s) (Tables 3 and 4). The ADC valu-
es of astrocytomas grade II (0.000530 + 0.000114 mm?/s) were
significantly higher (< 0.001) than the ADC values of anaplastic
astrocytomas (0.000436 + 0.000016 mm?s) and glioblastomas
multiform (0.000070 + 0.000008 mm?/s). The ADC values of
anaplastic astrocytomas (0.000436 +0.000016 mm?/s) were
significantly higher (< 0.001) than ADC values of glioblastomas
multiform (0.000070 + 0.000008 mm?/s).

Table 1
Distribution of patients compared to histopathological diagnosis and sex
0,
Histopathological diagnosis Sex, n (%) Total
men woman
Astrocitomas grades | 2(8) - 2 (8)
Astrocytomas grades 11 3(12) 2(8) 5(20)
Anaplastic astrocytomas 4 (16) 1(4) 5(20)
Glioblastoma multiforme 6 (24) 7 (28) 13 (52)
Gliomas total 15 (53.6) 10 (31.3) 25 (100)
Table 2
Distribution of the patients compared to histopathological diagnosis and age
. . . . Age (years)
Histopathological diagnosis 3D med o, o
Astrocitomas grades [ 49.00 2.83  49.00 47.00 51.00
Astrocytomas grades 11 39.80 9.63 43.00 29.00 52.00
Anaplastic astrocytomas 52.00 19.56 61.00 24.00 72.00
Glioblastoma multiforme 54.08 9.59 55.00 38.00 77.00
Gliomas total 50.40 12.53 51.00 24.00 77.00

X — arithmetic mean; SD — standard deviation; min —

minimal value; max — maximal value; med — mediana.

Table 3
The value of apparent diffusion coefficients (ADC) of the solid part of the tumor in comparison with histopathological diagnosis
. o . ADC (mm?/s)
Histopathological diagnosis < D med o ax
Astrocitomas grades | 0.000614 0.000032 0.000636 0.000565 0.000645
Astrocytomas grades 11 0.000530 0.000114 0.000510 0.000222 0.000671
Anaplastic astrocytomas 0.000436 0.000016 0.000432 0.000412 0.000462
Glioblastoma multiforme 0.000070 0.000008 0.000069 0.000059 0.000082
Gliomas total 0.000491 0.000160 0.000495 0.000059 0.000671

X — arithmetic mean; SD — standard deviation; min —

minimal value; max — maximal value; med — mediana.

Table 4

Comparison of the apparent diffusion coefficients (ADC) values of the solid part of the tumor
between the different histologic diagnosis (ANOVA and Bonferroni post-hoc test - p)

Histopathological diagnosis Asgtizggslﬁlas Aztrrsgézolrﬁas GBM
Astrocitomas grades I 0.0018 <0.001 <0.001
Astrocitomas grades 11 0.001 <0.001
Astrocitomas grades III <0.001

GBM - glioblastoma multiforme.
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The ADC values in the cystic part of tumor for
astrocytomas grade 1 (0.000775 + 0.000023 mm?/s) were
significantly higher (< 0.001) than the ADC values of ana-
plastic astrocytomas (0.000119 + 0.000246 mm?/s) and glio-
blastomas multiforme (0.000076 + 0.000004 mm?®/s) (Tables
5 and 6). The ADC values of astrocytomas grade II
(0.000511 + 0.000421 mm?/s) were significantly higher (<
0.001) than the ADC values of glioblastomas multiforme
(0.000076 = 0.000004 mm?/s).

Discussion

Astrocytomas are the most common primary brain neo-
plasms in adults and account for more than 70% of all glio-
mas. The WHO Grades III and IV malignant astrocytomas
include anaplastic astrocytoma and glioblastoma multiforme

freely than those in the intracellular spaces, the ADC value
calculated from DWI can serve as a marker of cellularity ®.
ADC is a direct reflection of tumor cell density '°. This po-
tential biomarker can be obtained without any radiation haz-
ard or contrast media in only few minutes, and has been
proven to be effective in predicting and monitoring the
treatment of various cancers *.

It is believed that ADC can be an important diagnostic
and prognostic biomarker as it is thought to be inversely pro-
portional and correlated with cellularity and tumor malig-
nancy ®’. So it indicates that the most aggressive and most
cellularity places within heterogeneous tumors, which are
prognostic essential, correspond to the minimum ADC
value’. For now, have also been spotted some limitations of
the DW such as: poor spatial resolution, the inability to
eliminate certain artefacts (eg. skull base bone, the air in the

Table 5
Apparent diffusion coefficients (ADC) value of the cystic part of the tumor in comparison with
histopathological diagnosis
. L . ADC (mm®/s)
Histopathological diagnosis 2 3D med in ax
Astrocitomas grades I 0.000755 0.000023  0.000761 0.000701  0.000789
Astrocytomas grades 11 0.000511 0.000421  0.000640  0.000000  0.000992
Anaplastic astrocytomas 0.000119 0.000246  0.000000 0.000000  0.000604
Glioblastoma multiforme 0.000076 0.000004  0.000075 0.000071  0.000081
Gliomas total 0.000446 0.000396  0.000598 0.000000  0.000992
X — arithmetic mean; SD — standard deviation; min — minimal value; max — maximal
value; med — mediana.
Table 6

Comparison of the apparent diffusion coefficients (ADC) values of the cystic part of the tumor between the
different histologic diagnosis (ANOVA and Bonferroni post-hoc test — p)

Histopathological diagnosis Asgtigglet;)ﬁas Aztrr;)(;:étsolrﬁas GBM
Astrocitomas grades | 0.106 <0.001 <0.001
Astrocitomas grades 11 0.017 <0.001
Astrocitomas grades I1I 0.999

GMB - glioblastoma multiforme.

and are the most prevalent astrocytomas, with the annual in-
cidence of 3—4 per 100.000. At least 80% of malignant glio-
mas are glioblastoma’. Anaplastic astrocytoma and glioblas-
toma tend to invasion of the surrounding brain. Histopa-
thological studies found malignant cells in macroscopically
unsuspicious brain parenchyma remote from the primary tu-
mor, even affecting the contralateral hemisphere. In early
stages, diffuse interneural infiltration with changes of the
ADC occurs. Only about 2% of patients with high-grade
brain tumors survive the first 5 years after diagnosis. One of
the main factors for the poor prognosis of glioblastomas is
the invasiveness of malignant cells. These infiltrating glioma
cells can hardly be imaged by standard techniques °.
Conventional MRI can display the anatomical appear-
ance of brain tumor, but fails to provide physiologic and
functional information that is crucial for tumor grading, pre-
dicting clinical outcome and response to therapy ’. Advanced
MRI technics such as quantitative DWI, which utilizes the
Brownian motion of water molecules, has been shown to be
able to provide information® at the cellular or physiologic
level’ about cellular density and properties of the extracellu-
lar matrix. Because extracellular water molecules move more

sinus cavities) and there are some changes in ADC values in
the presence of hemorrhagic, necrotic and cystic fields.
Strength matches and mismatches with the ADC map also
affect the furthest outcome measurements and results .

ADC values of some tumors are inversely related to cel-
lularity and the ratio of nuclear area to total cytoplasm, and
thus decreased ADCs may be found in some aggressive tu-
mors. Differences in ADCs likely reflect differences in cellu-
larity and density, nuclear-to-cytoplasmic ratio, extracellular
matrix, and edema. For instance, a low ADC value is the result
of reduced extracellular water motion within the crowded in-
terstitium of a hypercellular area, or from impeded intracellu-
lar water motion within cells of a high nuclear-to-cytoplasmic
ratio. Gliomas have been found to have ADC values inversely
correlated to cell density and the ratio of nuclear area to total
cytoplasm, with lower values correlating with more aggressive
tumor. ADC can accurately predict tumor behavior and moni-
tor treatment responses with standardized protocols''. A func-
tional diffusion map, made by mapping the changes in ADC
values potentially reflects cellularity, as a predictive biomarker
for the anti-angiogenic treatment of malignant gliomas. Hy-
percellular regions defined by the functional diffusion map
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were shown to be predictive of tumor progression. Patients
with persistent diffusion restriction demonstrated better sur-
vival, which was explained by atypical necrosis *.

A lower value of ADC indicates highly malignant
gliomas, and high ADC value corresponds to low grades as-
trocytomas, as evidenced in the results of previous studies .
Our findings are in accordance with the previously reported.
Barajas et al. "* suggest that while ADC measurements corre-
late with tumor cell density, DWI is a more accurate predic-
tor of clinical outcome, given the capacity of this technique
to summate additional unidentified prognostic biologic fea-
tures of tumor aggressiveness beyond cell density. Several
other studies have demonstrated change in post-therapeutic
ADC values following radiation and chemotherapy in pri-
mary glial brain tumors .

The ADC has been found to have an inverse relation with
the grade of astrocytomas. Lower ADC values suggest a malig-
nant high-grade astrocytoma, whereas higher ADCs suggest
low-grade astrocytoma. On the basis of specific histologic fea-
tures of the tumor, such as cellularity, nuclear atypia, mitosis,
pleomorphism, vascular hyperplasia, and necrosis, the revised
WHO classification subdivides gliomas into four grades.
Among mean ADC, minimum ADC, and maximum ADC val-
ues, minimum ADC value was the strongest prognostic factor in
glioblastoma multiforme (GBM) patients for overall survival .
Brasil Caseiras et al. *° distinguished low-grade gliomas (grade
1T astrocytomas) as having no effect on prognosis with respect to
ADC values. None of the ADC parameters proved to be a useful
predictor of malignant transformation in low-grade gliomas.
Low ADC values, independent of tumor grade, correlate with
poor survival in malignant astrocytomas. Pretreatment DWI
with calculation of ADC values may be helpful for planning
therapy and in prognostication for patients with high-grade as-
trocyotomas "

A study conducted by Yin et al. '® showed that the ADC
values were inversely correlated to the degree of malignancy
of gliomas, namely that high grade gliomas had significantly
lower ADC and relative ADC (rADC) values in relation to
gliomas categorized as low grade. Also, Risti¢-Balog et al. '’
reported that DWI can be useful in differentiating benign and
malignant tumors from normal parenchyma and in grading
gliomas. The results of our research correspond with previ-
ous findings from the literature that glial tumors grade II and

grade III showed a statistical significance. In the patients
with anaplastic astrocytoma, values of ADC were between
glioblastom (GBM) and astrocytoma grade II. Our findings
are in accordance with the previously reported '* .

In a series of 20 patients with histologically proven
gliomas, the ADC value of high grade gliomas was signifi-
cantly lower than the value of low- grade gliomas *', which
coincides with our results. The lower ADC value of GBM
compared to low-grade astrocytomas was observed in a se-
ries of 56 patients with intracranial tumors > In our study,
the ADC value of the GBM was significantly lower than
the ADC value of astrocytoma grade 1. Qualitative assess-
ment of the ADC map shows low signal in the contrast dis-
colorated area compared to the no-discolorated peritumoral
and edema in high- grade gliomas®. However, some re-
searchers argue that the ADC map helps in differentiating
tumors from the normal brain tissue and grading of malig-
nant neoplasms, but it is impossible to distinguish between
malignant and benign tumors **.

Some researchers argue that there is a considerable over-
lap of ADC values of the normal brain tissue and those of
high- and low- grade neoplasms raising the question of their
utility in individual patients *>*°. However, Lam et al. *°, based
on their research, found that there was no significant differ-
ence between the grade of the tumor based on ADC values.
DWI can be used for assessment of glioma invasion and detec-
tion of necrotic tumor. There is also a correlation between
ADC values after surgery with postoperabtive radiotherapy
and survival time in patients with glioblastoma. A significant
shorter median survival time has been shown for patients with
low ADC values within residual T2 hyperintense zone **.

Conclusion

ADC values of tumor parenchyma can indirectly reflect
the proliferation and malignancy of gliomas. ADC maps can
distinguish low- and high-grade gliomas, and ADC values
can predict the results of histopathological findings.

Therefore, DWI with calculation of ADC maps can be
regarded as reliable useful diagnostic tools which provide
useful information not only for the diagnosis and grading of
gliomas, but also for presurgical planning, treatment and
prognosis for patients with high-grade astrocytomas.
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Intravitreal bevacizumab injection alone or combined with macular
photocoagulation compared to macular photocoagulation as primary
treatment of diabetic macular edema

Intravitrealna primena bevacizumaba

sa ili bez laser-tretmana u poredenju sa

laser-tretmanom kao primarnim nacinom leCenja dijabetesnog edema makule
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Abstract

Background/Aim. Within diabetic retinopathy (DR), diabetic
macular edema (DME) is one of the leading causes of the loss
of visual acuity. The aim of this study was to determine the ef-
ficacy of the intravitreal vascular endothelial growth factor
(VEGF) inhibitor application alone or combined with macular
focal/grid lasephotocoagulation compated with laser treatment
alone. Methods. This prospective randomized clinical trial in-
cluded 72 patients (120 treated eyes) with varying degrees of
DR and DME. The DME treatment included intravitreal
VEGTF inhibitor bevacizumab (Avastin®) application, with and
without laser treatment. Bevacizumab (1.25 mg/0.05 mL) was
administered intravitreally in 4-6-week intervals. Laser is ap-
plied 4-6 weeks after last dose of the drug as a part of com-
bined treatment, or as the primary treatment. Results. The
mean reduction in central macular thickness (CMT) for the
eyes (n = 31) treated with bevacizumab alone was 162.23 pm,
for the eyes (n = 53) treated with combined treatment the

Apstrakt

Uvod/Cilj. U sklopu dijabetesne retinopatije (DR) jedan od
najranijih razloga koji dovodi do pada ostrine vida je dijabe-
tesni makularni edem (DME). Cilj rada bio je utvrdivanje
efikasnosti lecenja DME intravitrealnom primenom inhibi-
tora vaskularnog endotelnog faktora rasta (VEGF) samos-
talno ili u sklopu kombinovanog lecenja laserfotokoagulaci-
jom makule tipa fokal/grd i poredenje sa konvencionalnim
le¢enjem makule laserom. Metode. Istrazivanje je sprove-
deno kao prospektivna, randomizirana klinicka studija na 72
bolesnika (120 lecena oka) sa razlic¢itim stepenom DR i
DME. Lec¢enje DME podrazumevalo je intavitrealnu pri-
menu inhibitora VEGF bevacizumaba (Avastin®) sa ili bez

mean reduction in CMT was 124.24 um, both statistically sig-
nificant at p < 0.001. Laser macular photocolagulation as a
part of combined treatment (in 53 eyes) significantly contrib-
uted to the CMT reduction, based on the paired #test results
(366.28 »5 323.0 um at p < 0.05). In our study, the mean vis-
ual acuity improvement of 0.161 logMAR was achieved in the
group of eyes treated with bevacizumab alone, and 0.093
logMAR in the group with combined treatment, both statisti-
cally significant at p < 0.05. The effect of laser photocolagula-
tion alone on visual acuity and CMT was not statistically sig-
nificant. Conclusion. Treatment with bevacizumab alone or
within combined treatment is more effective in treating DME
than conventional macular laser treatment alone, both ana-
tomically and functionally.

Key words:

diabetic retinopathy; macular edema; ophthalmologic
surgical procedures; vascular endothelial growth factors;
light coagulation; treatment outcome.

primene lasera. Lek je primenjivan u dozi 1,25 mg u 0,05
mL u razmacima od 4 do 6 nedelja. Laserfotokoagulacija vt-
S$ena je u kontrolnoj grupi kao primarni vid terapije ili kao
dopuna prethodnog lecenja makule aplikacijom bevacizu-
maba nakon 4-6 nedelja od poslednje doze ukoliko nije
doslo do poboljsanja centralne debljine makule (CMT).
Rezultati. Prose¢na vrednost smanjenja CMT za oci (n =
31) le¢ene samo bevacizumabom iznosila je 162,23 um, za
oc¢i lecene kombinovanom metodom (n 53) redukcija
CMT iznosila je 124,24 um; statisticki znacajno u obe grupe
p < 0,05. Laserfotokoagulacija makule kod bolesnika/ociju
sa kombinovanim lecenjem statisticki znacajno je doprinosi-
la dodatnom redukovanju CMT na osnovu uporednog #testa
(366,28 prema 323,0 pm; p < 0,05). U nasoj studiji postignuto
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prose¢no pobolj$anje ostrine vida u grupi ociju lecenih intra-
vitrealnom primenom bevacizumaba iznosilo je 0,161 log-
MAR, kod ociju sa kombinovanim le¢enjem, 0,093 logMAR,
statisticki znacajno u obe grupe p < 0,05. Uticaj laserfotokoa-
gulacije, samostalno, na ostrinu vida i CMT bio je bez statisti-
¢ke znacajnosti. Zakljucak. Lecenje DME intravitrealnim
aplikacijama bevacizumaba samostalno ili u sklopu kombino-

vanog lecenja je efikasnije nego konvencionalno lecenje ma-
kule laserom, kako anatomski tako i funkcionalno.

Kljucne reci:

dijabetesna retinopatija; Zuta mrlja, edem; hirurgija,
oftalmoloska, procedure; faktori rasta endotela krvnih
sudova; fotokoagulacija; leCenje, ishod.

Introduction

Diabetic retinopathy (DR), a microangiopathic compli-
cation of diabetes mellitus (DM), is among the leading
causes of acquired blindness in developed countries (in pa-
tients aged 65 or older), as well as developing countries (in
working-age population, aged 45 to 65)'. Thus, DR is not
only medical, but also socioeconomic issue. DR is one of the
most frequent DM complications, occurring in 40% of af-
fected individuals above the age of 40 *.

Within DR, diabetic macular edema (DME) is one of
the earliest causes of the loss of visual acuity. The develop-
ment of DME is typically noted in older patients diagnosed
with Type Il DM”. DME prevalence of approximately 14%
has been reported in DM affected individuals*. While DME
onset can occur at any stage of DR development, it is more
frequent in more severe DR forms, and its prevalence in-
creases with the illness duration. The type of DM, as well as
therapy (insulin, orally administered hypoglycemic agents, or
diet), is also noteworthy. In addition to the aforementioned
factors, further contributors to DR and DME onset and pro-
gression are metabolic glycemic control, arterial hyperten-
sion, dyslipidemia and proteinuria °.

In the DME pathophysiology, chronic hyperglycemia
plays the key role, causing oxidative stress and retinal capil-
lary endothelial cell damage accompanied by inflammatory
response, the consequence of the breakdown of hemato-
retinal (H-R) barrier®. The disruption of the flow control
mechanisms leads to hypoxia, causing the release of vascular
endothelial growth factor (VEGF).

VEGEF plays an important role in the early phases of DR
development, as the decomposition of the “tight junctions”
leads to the breakdown of the inner H-R barrier, which re-
sults in increased permeability and development of DME .
On the other hand, in the hypoxia conditions, VEGF repre-
sents the most potent mitogen for the vascular endothelial
cells, as it induces the angiogenesis process. VEGF-A is
most frequently encountered in ocular pathology, and is the
target of most anti-VEGF agents®’. Application of anti-
VEGF agents has led to significant improvements in the
treatment of vascular-ischemic ophthalmic diseases.

Bevacizumab (Avastin®; Genentech, San Francisco,
USA) provides recombined humanized monoclonal IgG1 an-
tibodies in their entirety, aimed against all VEGF-A iso-
forms. In 2004 bevacizumab was approved by the Food and
Drug Administration for intravenous infusion application, as
a part of chemotherapy in the treatment of metastatic carci-
noma of the colon and the rectum. Off-label bevacizumab
application in ophthalmology in the form of intravitreal in-

jections was first introduced as a part of the treatment of age-
related macular degeneration — the wet form. The application
scope subsequently widened to include DME, following the
favorable results reported in the DR clinical research net-
work studies .

In treating DME, in addition to the necessary manage-
ment of the primary condition and other risk factors, thus far,
laser photocoagulation used to be a gold standard. However,
numerous studies have demonstrated that laser treatment can
only stabilize the current state''. Recently, new promising
treatment forms have emerged, including the aforementioned
medications in the VEGF inhibitor group.

The aim of this study was to evaluate the efficacy of
DME treatment consisting of intravitreal VEGF inhibitor ap-
plication alone or as a part of combined treatment (in-
travitreal VEGF inhibitor plus laserphotocoagulation) com-
pared with laser treatment alone.

Methods

The research was conducted as a prospective random-
ized clinical study at the Clinic for Eye Diseases, Clinical
Center of Vojvodina, in Novi Sad during a 2012-2013 pe-
riod. The study was approved by the Clinical Center of Vo-
jvodina Ethics Committee. The participating patients pro-
vided their informed consent, after being provided written
and verbal information on the application of off-label medi-
cations and their potential side-effects. The study included
72 patients (120 treated eyes) with varying degrees of DR
and DME. DR and DME were defined according to the In-
ternational Clinical Diabetic Retinopathy and Diabetic Macu-
lar Edema Disease Severity Scale, published by the Interna-
tional Council of Ophthalmology (ICO) in 2002 .

The treatment consisted of intravitreal VEGF inhibitor
bevacizumab (Avastin”™) application, with and without laser
treatment. In the control group the patients were treated with
lasephotocoagulation only. The patients that met the follow-
ing criteria were included in the study: severe DME that af-
fects the fovea, reduction in visual acuity and/or metamor-
phopsia, diffuse edema with or without cystic edema [con-
firmed by fluorescein angiography (FA) and by optical co-
herence tomography (OCT)], central macular thickness
(CMT) > 300 pm, the absence of hard lipid exudates in the
form of plaque in the subfoveal region, no prior laser treat-
ment, no prior VEGF inhibitor treatment, and no previous in-
travitreal or subtenonian corticosteroid administration. The
exclusion criteria were: high risk and advanced proliferative
DR (PDR), the presence of other eye diseases that could af-
fect visual acuity, prior eye surgeries, recent myocardial in-
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farction, insult, and unregulated DM (Hb1c higher than 11%)
and hypertension.

All the participating patients were given full ophthal-
mological examination, which included determining the best
corrected visual acuity (BCVA), intraocular pressure (IOP)
measurement, examination of the anterior eye segment, ex-
amination of the posterior segment in medical mydriasis via
contactless ophthalmoscopy using the 90 D magnifying glass
(by Volk). The auxiliary diagnostic procedures performed in-
cluded FA and OCT. FA was initially performed with the aim
of diagnosing the edema type, and was repeated upon the
treatment completion (both pharmacological and laser compo-
nents). OCT was instrumental in assessing the patients for in-
clusion in the study, as well as in the monitoring of treatment
efficacy. It was performed on the apparatus manufactured by
Carl Zeiss Meditec, Dublin, CA, “Stratus” model, using the
“fast macula” or “fast macula thickness map” program.

Intravitreal application of 1.25 mg bevacizumab (0.05
mL of Avastin™) was performed under surgical microscope at
4 mm distance from limbus, in the pars plana region of the
ciliary body, using a 27 G diameter syringe. Avastin® was ad-
ministered in the operating theatre in strict sterile conditions.

Control follow-ups were performed four weeks after the
treatment, and included BCVA determination, fundus ex-
amination in mydriasis, and OCT. Visual acuity was con-
verted into the logarithm of the Minimal Angle of Resolution
(logMAR). If required, the treatment was repeated 4 to 6
weeks after the initial application, and at two further occa-
sions at the same intervals. Once the pharmacological treat-
ment was completed, due to satisfying results or no further
improvement, next step of treatment, laserphotocoagulation
using the focal/grid method, was performed after 4 to 6
weeks. The effect of combined therapy was evaluated after 6
weeks. The aim was to achieve the CMT below 250 um, ie,
as close to normal values as feasible.

All statistical analyses were performed using the soft-
ware package Statistica (version 10). The mean values of the

obtained results were analyzed via paired t-test at 95% con-
fidence interval. This approach was most suitable for this
study, as the values obtained for each patient were compared
individually, at different treatment stages.

Results

The study included 72 patients (120 treated eyes), all of
whom had complete data and were followed-up for a mini-
mum of six months. The average age of patients diagnosed
with DR and DME was 62.5, ranging from 25 to 78 years.

The mean duration of DM and insulin therapy was 14.7
and 7.2 years, respectively. Among the participating patients,
the greatest number (61%) suffered from Type II DM, all of
whom were secondarily insulin dependent. The mean glyce-
mia level among the participating patients was 8.85 mmol/L,
for adult with DM, the target level is between 4 and 7
mmol/L while HbAlc was 7.7% (it is recommended to be as
close to normal as possible < 6%).

Among the 72 study participants, 3% of patients were
diagnosed with mild non proliferative DR (NPDR), 46%
with moderate NPDR form, 44% had severe NPDR form and
7% low risk PDR. The patients with both high risk and ad-
vanced PDR were excluded from the study, as the six-month
follow-up was not feasible due to the need to perform laser
intervention (panretinal laser photocoagulation), which is
known to affect the DME.

One injection of bevacizumab application was required
to achieve adequate CMT in 12 eyes (14%), two doses were
required in 28 eyes (34%), while in most cases (37, or 44%),
three doses were required. Finally, in 7 eyes (8%), four
Avastin® doses were necessary before satisfactory CMT val-
ues were obtained and better conditions for subsequent laser-
photocoagulation treatment achieved.

Figure 1 shows macular optical coherence tomography
in the patient with DME, before and after the treatment with
a single dose of Avastin®.

[ CMT 495 +/- 43 um BCVA = 0.4 logMAR

| CMT 296 +/- 20 um, BCVA = 0.2 logMAR ]

Fig. 1 — Macular optical coherence tomography of an eye before the treatment with a single anti-vascular endothelial
growth factor therapy, bevacizumab (Avastin®), and four weeks after the treatment.
CMT - central macula thickness; BCVA — best corrected visual activity; MAR — minimum angle of resolution.
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The data presented in Table 1 indicates the manner in
which the patients (n = 51 patients, 84 eyes) were grouped
according to the number of doses received. It is evident that
the number of administered doses is directly proportional to
the increasing CMT values, indicating that progressively
more severe forms of edema required longer treatment and a
greater number of doses. In the first group of eyes requiring a
single dose, edema was least pronounced, and the initial and
the final mean CMT values were 348 pm and 220.5 um, re-
spectively, corresponding to 127.5 um, or 36.6%, reduction.
In 9 of 12 eyes, the CMT declined below the 250 um thresh-
old (representing the normal value). In the group of eyes that
required two Avastin® doses, the initial and the final mean
CMT values were 411.6 um and 255.6 um, respectively, cor-
responding to the 156 pm, or 37.9%, reduction. In addition,
in 17 of the 28 eyes, the CMT declined below the 250 um
threshold. In the group requiring thee Avastin® doses, at
508.4 pum, the initial mean CMT value was greater than in
the previous two groups, declining to 381.6 um post-
treatment, thus achieving the CMT reduction of 126.8 um, ie,
29.4%. A reduction to the thickness below 250 pum was
achieved in 7 of 37 eyes. In the fourth group of eyes that re-
quired four applications of medication, the initial mean CMT
was the highest, 525.5 um, and declined to 379.1 pm upon
treatment completion. The achieved CMT reduction of 146.4
um corresponded to 27.8%, with only one case reaching the
normal thickness of 250 um. The data presented in Table 2
indicate that each post-treatment CMT value is statistically

significantly different from the initial one (p < 0.05).

Once the pharmacological treatment was completed,
due to satisfying results or no further improvement, the next
step of treatment, laser photocoagulation using the focal/grid
method on 53 eyes, was performed after 4 to 6 weeks. The
effect of combined therapy was evaluated after 6 weeks.

The mean reduction in CMT for the eyes (n = 31)
treated with bevacizumab alone was 162.23 pum, for the eyes
(n = 53) treated with combined treatment the mean reduction
in CMT was 124.24 pm which was achieved with 2.4 doses
on the average in the bevacizumab group and 2.5 doses in the
bevacizumab plus laser group. The difference between the
initial and the final mean CMT values in both patient groups
are statistically significant at p < 0.001 (Table 3). The differ-
ence between the final values of achieved CMT comparing
the groups bevcizumab vs bevacizumab plus macular laser is
not significant (p =0.52). In the control group, the eyes
treated with laserphotocoagulation alone (n = 36) reduction
in CMT was 6.88 um, which was not statistically significant.

The mean visual acuity improvement of 0.161 logMAR
was achieved in the group of eyes treated with bevacizumab
alone, 0.093 logMAR in the eyes treated with combined
treatment. The difference between the initial and the final
mean logMAR values in both patient groups was statistically
significant at p < 0.05. On the other hand, there was no sta-
tistical difference between final visual acuity comparing
groups bevacizumab VS bevacizumab plus macular laser
p=0.81 (Table 3).

Table 1
Initial and final central macula thickness (CMT) values by patient group
(classification based on the number of administered doses)
Doses (n) CMT (um) Improvement Treated eyes Below Below
Initial Final Absolute (um)  Relative (%) (n) 250 pm (n) 300 pm (n)

1 347.92 220.58 127.33 36.60 12 9 11

2 411.68 255.64 156.03 37.90 28 17 23

3 508.38 381.57 126.81 24.94 37 7 8

4 525.57 379.14 146.43 27.86 7 1

Table 2
Paired t-test of initial and final central macula thickness (CMT) values by the groups (based on the number of administered doses)

CMT vs OCT X+ SD t-test t df Final value
CMT 0 347.9167 + 90.86499 CMTvs CMT 1 5.743785 11 2.2281388
CMT 1 220.5833 £ 52.80575
CMT 0 411.6786 + 89.51807 CMT vs CMT 2 7.278081 27 2.0555294
CMT2 255.6429 + 76.98254
CMT 0 508.3784 + 159.2392 CMT vs CMT 3 4.757189 36 2.0301079
CMT 3 381.5676 = 122.7714
CMT 0 525.5714 +77.0127 CMT vs CMT 4 2.391307 6 2.5705818
CMT 4 379.1429 + 138.9561

OCT - optical coherence tomography; X — mean value; SD — standard deviation; df — degrees of freedom.

Table 3

Paired t-test of visual acuity (VA) and central macula thickness (CMT) before (1) and after (2) the treatment with
bevacizumab (— b) vs bevacizumab plus macular laserphotocoagulation (b+lfc) and laser group only (Ifc)

Treatment n VA, mean = SD (LogMAR) p CMT, mean + SD (um) p
btlfc 1 53 0.484 £0.322 0.0019 447.245 + 121.059 <0.0001
btlfc 2 0.388 +0.393 323.000 = 134.114

bl 31 0.572 £ 0.432 <0.0001 467.323 +164.934 <0.0001
b2 0.409 +0.398 305.097 £+ 100.963

Ifc 1 36 0.429 +0.349 0.0114 347.177 £ 101.428 0.4604
Ifc 2 0.474 + 0.360 340.294 = 101.966

SD — standard deviation.
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Following the macular laser photocoagulation as the
first treatment, visual acuity worsened, 0.046 logMAR, with
statistical significance (p < 0.05).

The results presented in Table 4 indicate that the addi-
tional CMT reduction achieved through macular laser photo-
coagulation, as a part of the combined treatment, was statis-
tically significant, as confirmed by the paired t-test (366.28
pm Vs 323.0 um) at p < 0.05. There is no improvement in
visual acuity in the group with combined treatment after ad-
ditional laserphotocogulation (p > 0.05).

In order to determine if the degree of DR had influence
on severity of DME and treatment response, the patients
(treated eyes) were grouped into groups — mild to moderate
NPDR and severe NPDR with low risk PDR, as presented in
Table 5. CMT was improved by 117.25 um in the group of
eyes with mild to moderate NPDR (34 eyes treated with
bevacizumab), and the group with severe NPDR to low risk
PDR average improvement was 152.54 pm. In both groups
this difference was statistically significant (p < 0.001). The dif-
ference between the two final mean values of achieved CMT
comparing the two groups was not statistically significant
(326.059 + 50.618 pum vs 309.820 + 37.420 um; p = 0.55).

Visual acuity improved 0.168 logMAR in the first
group compared to 0.089 logMAR in the second. This im-
provement was also significant in the first and the second
group (p <0.0001, and p <0.005, respectively) (Table 5).
The difference between this two mean values of final visual
acuity comparing the two groups was not significant (0.318 +

0.290 logMAR vs 0.448 + 0.444 1ogMAR, p =0.14). In the
group of eyes (n = 36) treated with laser there was no statis-
tically significant improvement, nor in the mild to moderate,
neither in the severe and low risk PDR group.

A low value (r = 0.036) of Pearson's correlation coeffi-
cient between Hbalc and the difference of OCT value before
and after anti-VEGF treatment indicates no significant rela-
tion between them.

Discussion

Our study was prospective, randomized, clinical study,
designed to evaluate and compare effectiveness of pharma-
cological treatment with anti-VEGF therapy (bevacizumab —
Avastin®) alone and combined treatment with anti-VEGF
(bevacizumab — Avastin®) plus macular laserphotocoagula-
tion in relation to macular laserphotocoagulation like con-
ventional therapy only. A total of 72 patients were examined,
120 eyes treated, and the minimum follow-up period was 6
months. Some of the previous studies had similar design. For
example, in a study of Iranian authors ", the follow-up was
at 6 months; 40 patients — 80 eyes were examined, each pa-
tient underwent intravitreal bevacizumab treatment in one
eye and in the second one intravitreal bevacizumab at the
same time as macular laser treatment. In that way the sys-
temic conditions are the same in the experimental and the
control group, which is preferable but we did not have this
possibility during our research. The BOLT study had a much

Table 4

Paired t-test of visual acuity (VA) and central macula thickness (CMT) values of eyes treated
by bevacizumab before (1) and after (2) additional laser treatment (focal/grid)

Treatment n VA, mean + SD (LogMAR) p CMT, mean + SD (um) p
btlife 1 53 0.376 + 0.346 0.631200 366.28 +117.2 0.006
btifc 2 0.388 +£0.393 323.00 +134.114

b + Ifc — bevacizumab + laserphotocoagulation; SD — standard deviation; OCT — optical coherence tomography.

Table 5

Paired t-test of visual acuity (VA) and central macula thickness (CMT) before (1) and after (2) the treatmen in the group of
mild to moderate nonproliferative diabetic retinopathy (NPDR) compared to the severe NPDR-low risk proliferative diabetic
retinopathy [treated with bevacizumab only and in combined therapy (b) vs macular laserphotocoagulation (Ifc)]

Treatment n VA, mean £ SD (logMAR) CMT, mean + SD (um) p

bl mod 34 0.486 £ 0.292 <0.0001 443.323 +49.500 <0.0001
b2 mod 0.318 £0.290 326.059 £ 50.618

bl sev 50 0.537 £0.411 0.0033 462.360 + 36.020 <0.0001
b2 sev 0.448 £ 0.444 309.820 + 37.420

Ife1 mod 18 0.396 + 0.360 0.1213 362.250 £ 107.086 0.1604
1fc2 mod 0.447 + 0.396 340.250 £ 111.550

Ifc 1 sev 18 0.462 + 0.345 0.0033 333.778 £97.201 0.5486
Ifc 2 sev 0.501 +£0.330 340.333 £ 95.933

SD — standard deviation; mod — moderate; sev - severe.
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longer follow-up period — up to two years '*. A total of 80 pa-
tients were examined with center involving CSME. One
group of eyes underwent injections of bevacizumab at base-
line, at 6, and at 12 weeks. The patients were examined every
6 weeks and the treatment was stopped if CMT was stabile
(3 consecutive visits and CMT within 20 pum of the thinnest
recorded CMT), while we considered that the treatment was
finalized when there was no change in OCT at the two latest
visits. A Diabetic Retinopathy Clinical Research Network
(DRCR) study was also designed to compare the effect of
two different doses of bevacizumab alone and in combined
treatment '°. Haritoglou et al 5 Kook et al. ', and Mehta et
al. ', in their studies, assessed patients with resistant DME
who were previously unsuccessfully treated by macular focal
laser, panretinal laserphotocoagulation, pars plana vitrec-
tomy with internal limiting membrane peeling, and in-
travitreal triamcinolone. These authors reported that bevaci-
zumab therapy could yield greater improvements in refrac-
tory edema in comparison to other therapy modes. This
model is different to our study model, because we included
new cases without any treatment before.

The data presented in Table 1 indicate that the first and
the second group included patients with quantitatively less
severe edema; thus, the treatment could be achieved through
fewer Avastin® doses, but was also more effective. The third
and the fourth group in particular, included cases of more se-
vere edema, which required greater number of Avastin®
doses, yet failed to achieve efficacy noted in the first two
groups. The mean CMT reduction in all the treated eyes was
139.15 um (31.81%), which was achieved with 2.46 doses,
on the average. In 34 of the 84 (40.47%) eyes subjected to
treatment, edema reduction < 250 um was achieved. It is
evident that the number of administered doses is directly
proportional to the increasing CMT values, indicating that
progressively more severe forms of edema required longer
treatment and a greater number of doses.

Intravitreal injections of bevacizumab administration
was at 4—6 weeks interval, until satisfying results were ob-
tained. If there was no further improvement, the next step of
treatment was performed — focal/grid laserphotocoagulation
mostly at 4-6 weeks after the last intravitreal application. In
the study conducted by Roh et al. ¥, the author investigated
the duration of the period after which edema reoccured un-
less anti-VEGF therapy was repeated. In 24 patients (31
eyes) from that study, edema reoccurred 12 weeks after the
initial treatment, unless a new dose was administered. A
conclusion was that next doses should be administrated until
edema reoccured. In a Pan-American study on 16 eyes
(20.5%) second injection was administrated, on the average
13.8 weeks apart (4-28 weeks); 6 eyes (7.7%) received third
injection on the average interval 11.5 weeks (5-20 weeks).
This type of administration at the time when edema reoccurs
is not recommended '°. Most of the authors like Scott et al. '°,
Haritoglou et al. 5 Kook et al. ', Mehta et al. '” and Kumar
and Sinha * choose administration with 6 weeks apart.

The mean reduction in CMT in our study for the eyes (n
= 31) treated with bevacizumab alone was 162.23 um, for
the eyes (n = 53) treated with combined treatment it was

124.24 pm which was achieved with 2.4 doses on the aver-
age in the bevacizumab group and 2.5 doses in the bevaci-
zumab plus laser group. The difference between the initial
and the final mean CMT values in each patient group was
statistically significant at p <0.001. In the control group,
eyes treated with laserphotocoagulation alone (n = 36), a re-
duction in CMT was 6.88 um, which was not statistically
significant. In the Iranian study a reduction in CMT in the
first group of eyes intravitreal bevacizuma (IVB) was 40 +/-
38 um and in the second one [I[VB+ macular photocongula-
tion (MPC)] 43 +/- 13 um, the results were achieved with
2.23 injections in first group (IVB) and 2.49 injections in the
second group (IVB+MPC). Edemas in the Iranian study were
very mild compared to our study, the CMT at baseline for the
IVB group was 261 = 115 um and for the IVB plus MPC
group 270 + 93 pm . In our study baseline CMT was much
higher — 467.323 pum in the group of eyes treated with
bevacizumab only, 447.245 pum in the group of eyes treated
with combined therapy, which could explain a better re-
sponse to the treatment.

The mean reduction in CMT in the bevacizumab group
was 146 pm and 118 pm in the macular laserphotocoagulation
(MLC) group in the BOLT study ', achieved with 13 injections
(9 in the first and 4 in the second year), and 4 macular laser
treatment (3 in the first and 1 in the second year). In the Kumar
and Sinha * study the treatment efficacy of 120 pum achieved
through two doses 6 weeks apart at 6 months analy-
ses; Haritoglou et al. 5 Kooket al.'® and Mehta et al. " re-
ported the improvement in CMT from 106-124 pm, and Are-
valo et al. "’ in the Pan-American study 111 pm. We obtained
similar results concerning CMT reduction (13915 pm) using
2.46 doses on the average.

In our study, the mean visual acuity improvement of 0.161
logMAR was achieved in the group of eyes treated with bevaci-
zumab alone, 0.093 logMAR in the eyes treated with combined
treatment. The difference between the initial and the final mean
logMAR values in each patient group was statistically signifi-
cant at p < 0.05 Following the macular laser photocoagulation as
a first treatment, visual acuity worsened 0.046 logMAR with a
statistical significance (p < 0.05). In the Iranian study * BCVA
was improved in the first group (0.138 logMAR), and 0.179
logMAR in the second, which is very similar to our results.
Haritoglou et al. '°, Kook et al. '® and Mehta et al. "7 in their stud-
ies which analyzed treatment of edema have results from 0.05 to
0.11 logMAR. Their results are slightly lower than ours, probably
because they included patients with persistent, chronic edema.

In our study, the mean CMT improved more in the group
of eyes treated with bevacizumab only compared to the eyes
with combined treatment. Focusing on the group of eyes with
combined therapy, laser has been done 6 weeks apart of the last
injection, and CMT significantly improved due to laser treat-
ment (363.3 vs 323.0 pm) p <0.05. Many studies showed that
there is no difference between bevacizumab group only an
bevacizumab plus macular laser therapy. In the Iranian study °,
the authors conclude at the end of treatment that there are no dif-
ferences between the group of eyes treated with bevacizumab
and the group of eyes treated with bevacizumab plus macular la-
ser. They consider application of laser 2—3 weeks after the anti-
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VEGF treatment in order to have better consolidative effect. In
our study, laser is applied 4-6 weeks apart from the last injec-
tion, with a significant improvement of CMT and no improve-
ment in visual acuity. Korean authors *' applied laser 4 weeks
after the last injection. Combined therapy in DRCR did not
achieve a significantly greater improvement compared to the
treatments based on bevacizumab alone’.

In order to determine if the degree of DR has influ-
ence on severity of DME and treatment response, patients
(treated eyes) were grouped into groups — mild to moderate
NPDR and severe NPDR with low risk PDR, as presented
in Table 5. In both groups improvement of CMT was on
statistical level of 99%, in visual acuity improvement was
on the statistical level of 99% on moderate, 95% signifi-
cance for severe NPDR and low risk PDR. In the laser
group there was no improvement, visual acuity was wors-
ened in the group with severe NPDR-low risk PDR. In the
Pan-American study '°, ANOVA analysis could not find a
statistically significant difference in the reduction of edema

in eyes with NPDR and PDR (panretinal laserphotocoagu-
lation is performed at least 6 months before).

A low value (r = 0.036) of Pearson's correlation coef-
ficient between Hbalc and the difference of OCT value be-
fore and after anti-VEGF treatment indicate no significant
relation between them.

In a study of Korean authors®', they tried to make a
correlation between the reduction of macular edema and the
type of edema (diffuse, cystoid, edema with serous retinal
detachment and mixed edema). This could be a very good
approach for the next phase of our research.

Conclusion

The treatment with bevacizumab alone or combined
treatment (consisting of bevacizumab administration and
macular laserphotocolagulation) are more effective in
treating diabetic macular edema than conventional macular
laser treatment alone, both anatomically and functionally.
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Catheter-associated urinary tract infection in a surgical intensive care

unit

Infekcije urinarnog trakta kod bolesnika sa urinarnim kateterom u hirurskoj

jedinici intenzivne nege
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Abstract

Background/Aim. Because patients in intensive care units
usully have an urinary catheter, the risk of urinary tract infection
for these patients is higher than in other patients. The aim of this
study was to identify risk factors and causative microrganisms in
patients with catheter-associated utinary tract infection (CAUTT)
in the Surgical Intensive Care Unit (SICU) during a 6-year pe-
riod. Methods. All data were collected during prospective sur-
veillance conducted from 2006 to 2011 in the SICU, Military
Medical Academy, Belgrade, Serbia. This case control study was
performed in patients with nosocomial infections recorded dur-
ing surveillance. The cases with CAUTIs were identified using
the definition of the Center for Disease Control and Prevention.
The control group consisted of patients with other nosocomial
infections who did not fulfill criteria for CAUTIs according to
case definition. Results. We surveyed 1,369 patients represent-
ing 13,761 patient days. There wete a total of 226 patients with
nosocomial infections in the SICU. Of these patients, 64 had
CAUTISs as defined in this study, and 162 met the criteria for the
control group. Multivariate logistic regression analysis identified
two risk factors independently associated to CAUTIs: the dura-
tion of having an indwelling catheter (OR =1.014; 95% CI
1.005-1.024; p = 0.003) and female gender (OR = 2.377; 95%CI
1.278-4.421; p=0.006). Overall 71 pathogens were isolated
from the urine culture of 64 patients with CAUTIs. Candida spp.
(28.2%), Pseudomonas aernginosa (18.3%) and Klebsiella spp. (15.5%)
were the most frequently isolated microorganisms. Conclusions.
The risk factors and causative microrganisms considering CAU-
TIs in the SICU must be considered in of planning CAUTIs
prevention in this setting.

Key words:

urinary tract infections; cross infection; intensive care units;
surgery department, hospital; risk factors; urinary
catheterization.

Apstrakt

Uvod/Cilj. Rizik od infekcije utinarnog trakta je visi kod
bolesnika u jedinicama intenzivne nege nego kod ostalih bolesnika
zbog toga $to oni obi¢no imaju urinarni kateter. Cilj rada bio je da
se ispitaju bolesnici sa infekcijom urinarnog trakta povezanom sa
kateterom [catheter-associated urinary tract infection (CAUTT)] tokom 6
godina u Hirurskoj jedinici intenzivne nege (HJIN) da bi se utvrdili
znacajni faktori rizika i uzrocnici oboljenja. Metode. Podaci su
prikupljeni tokom prospektivnog epidemioloskog nadzora u
periodu od 2006. do 2011. godine u HJIN Vojnomedicinske
akademije, Beograd, Stbija. Studija slucaja i kontrola je obuhvatila
bolesnike sa  bolnickim  infekcijama tokom
epidemioloskog nadzora. Bolesnici sa CAUTI identifikovani su na
osnovu definicije Centra za kontrolu 1 prevenciju bolesti.
Kontrolna grupa je obuhvatila bolesnike sa drugim bolnickim
infekcijama koji nisu ispunjavali definiciju CAUTI. Rezultati.
Epidemioloskim nadzorom obuhvaceno je 1369 bolesnika i
13761 bolnickih dana. Ukupno je zabelezeno 226 bolesnika u
HJIN sa bolnickim infekcijama u posmatranom petiodu. Medu
njima, 64 bolesnika imala su CAUTI i 162 su ispunjavala
kriterijume za kontrolnu grupu. Multivarijantna  logisticka
regresiona analiza identifikovala je dva faktora rizika nezavisno
povezana sa CAUTIL: duzina noSenja urinarnog katetera
(OR=1,014; 95% CI 1,005-1,024; »=0,003) i zenski pol
(OR =2377; 95% CI 1,278- 4,421; p=0,006). Izolovan je
ukupno 71 patogen iz urinokultura 64 bolesnika sa CAUTL
Candida spp. (28,2%), Pseudomonas aernginosa (18,3%) 1 Klebsiella spp.
(15,5%) bili su najcesée izolovani mikroorganizmi. Zakljucak.
Faktori rizika 1 uzrocnici koji su povezani sa nastankom CAUTT u
HJIN moraju biti uzeti u obzir pri planiranju mera prevencije
CAUTI u ovom okruzenju.

zabelezenim

Kljucne reci:

urinarni trakt, infekcije; infekcija, intrahospitalna;
intenzivna nega, odeljenja; bolnice, hirur§ko odeljenje;
faktori rizika; kateterizacija urinarnog trakta.
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Introduction

Nosocomial infections (NIs) affect about 30% of patients
in intensive-care units (ICU) '. It has been reported that ICUs
account for 25% of NIs even though they occupy only
approximately 10% capacity of a hospital >. The risk of NIs in
ICU is 5-10 times greater than those acquired in general and
surgical wards .

Urinary tract infections (UTIs) comprise 30% to 40% of
all NIs, and 8% to 21% of all NIs are UTIs occurring in
ICUs *°. Richards et al. 7 found that UTI was responsible for
20-30% of NIs in medical/surgical ICUs. According to a large
surveillance program in Europe UTIs were the third most
common type of infection in ICUs after pneumonia and lower
respiratory tract infections *. UTI is the most common NI in
North America and among the most frequent NIs in critically
ill patients *®°.

The presence of a urinary catheter is associated with inc-
reased risk of nosocomial UTI and the incidence of UTIs
among patients with urinary catheters is about 15% . Because
patients in ICUs usually have a urinary catheter, the risk of
UTI for these patients is higher than in other patients.

Catheter-associated UTI (CAUTI) has been associated
with increased morbidity, mortality, hospital cost, and length
of stay "',

CAUTI is recognized as a leading cause of secondary no-
socomial bloodstream infections and approximately 17% of
nosocomial bacteremias are from a urinary source .

There has only been a limited number of studies on CA-
UTIs in ICUs. This case control study investigated patients
with CAUTI over a 6-year period at the surgical ICU to
identify significant risk factors and causative microorganisms.

Methods

All data was collected during prospective surveillance
conducted from February 1, 2006 to December 30, 2011 at the
30 bedded Surgical Intensive Care Unit (SICU), Military Me-
dical Academy (MMA), Belgrade, Serbia. All the patients ad-
mitted in SICU for more than 48 h were included and followed
up. These critical patients were referred for monitoring, obser-
vation, and management from different surgical departments,
eg general surgery, neurosurgery, urology, traumatology, etc.

The active prospective surveillance was performed by the
hospital epidemiologist and infection control nurses following
the recommendations of the Hospital in Europe Link for Infecti-
on Control through Surveillance (HELICS) and USA National
Healthcare Safety Network (NHSN) ' '°. They visited the ICU
daily, gathered information from medical records, microbiologic
and X-ray reports, and interviews with nurses and physicians in
charge. NIs were defined according to the diagnostic criteria of
the Center for Disease Control and Prevention (CDC) '* . Col-
lected variables included all NIs, demographic characteristics,
admission diagnoses, exposure to invasive devices.

Microbiological testing was performed at the MMA’s In-
stitute of Medical Microbiology and all microbiological met-
hods used were consistent with the current National Commitee
for Clinical Laboratory Standards recommendations.

Retrograde analysis was performed in patients with NIs
recorded during surveillance between February 1, 2006 and
December 30, 2011 in SICU of MMA.

The patients with CAUTIs were, identified using defini-
tion of the CDC '®. The control group consisted of ICU pati-
ents with other NIs who did not fulfill criteria for UTI accor-
ding to the case definition.

According to CDC definition,” CAUTI is: A UTI
where an indwelling urinary catheter was in place for > 2 ca-
lendar days on the date of event, with the day of device place-
ment being day 1, and an indwelling urinary catheter was in
place on the date of event or the day before. If an indwelling
urinary catheter was in place for > 2 calendar days and then
removed, the UTI criteria must be fully met on the day of dis-
continuation or the next day”.

Indications for placement of urinary catheters were
acute urinary retention, acute bladder outlet obstruction, need
for accurate measurements of urinary output in the critically
ill, to assist in healing of open sacral or perineal wounds in in-
continent patients, patient requires strict prolonged immobili-
zation and selected perioperative needs > * [urologic surgery
or other surgery on contiguous (adjacent) structures of the
genitourinary tract, anticipated prolonged duration of surgery,
large volume infusions or diuretics anticipated during surgery
and need for intraoperative monitoring of urinary output].

19-21,

Statistical analyses

Infection rate (IR) was expressed as the total number of
UTI per 1,000 patient days. Also, we calculated device utiliza-
tion rates for the period 2008-2011 by dividing the total num-
ber of devices days by the total number of ICU patient days **
Statistical analysis was performed by using the IBM SPSS ver.
20.0 (IBM Co., Armonk, NY, USA). The y’ test and Student’s
t-test were used for data analyses. Any p-values less than 0.05
were considered significant. Multivariate logistic regression
analysis included only variables that showed a statistically sig-
nificant association.

Results

We surveyed 1,369 patients representing 13,761 patient
days (Table 1). During the period from 2006 to 2011, IR of
UTI ranged from 1.1 in 2007 to 8.6 in 2010 with the average
value of 4.7.

The device utilization rates from 2008 to 2011 are pre-
sented in Table 2. Catheter-associated IR was in range from
7.23 to 15.57 for period from 2008 to 2011 with the average
value of 10.38. Urinary catheter days/ patient days ranged
from 0.5 t0 0.7.

Patient population

There were a total of 226 patients with NIS in our hos-
pital’s SICU between February 2006 and December 2011. Of
these patients, 64 had CAUTI as defined in this study, and
162 met the criteria for the control group. The mean age of
infected patient was 58.3 £ 20.4 (range, 15-92) years. Of 226
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Table 1

Distribution of patients with surgical intensive care units, nosocomial infections and infection rate (IR) by year

Years of follow-up Patients (n) Patients-days (n) UTI (IR+1000)
2006 201 1,900 3(1.6)
2007 143 1,819 2(1.1)
2008 255 2,263 12 (5.3)
2009 227 2,251 9 (4.0)
2010 234 2,905 25 (8.6)
2011 309 2,623 13 (5.0)

Total: 1,369 Total: 13,761 Avarage: 64 (4.7)

UTI - urinary tract infection.

Table 2

Device utilization rates for urinary catheter (UC) from 2008 to 2011

Years of follow-up UC-days Patient-days UC utilization UTI UC associated IR
2008 1,228 2,263 0.5 12 9.77
2009 1,054 2,251 0.5 9 8.54
2010 1,606 2,905 0.5 25 15.57
2011 1,797 2,623 0.7 13 7.23
Total : 5,685 Total : 10,042 0.6 Total : 59 Average: 10.38

UTI — urinary tract infection; IR — infection rate.

patients, 141 (62.4%) were males and 85 (37.6%) were fema-
les. A total of 185 (81.9%) patients had surgery before their
ICU admission and 41 (18.1%) did not; 30 (13.3%) patients
had diabetes and 196 (86.7%) did not, and 38 (16.8%) pati-
ents had cancer. The mean duration of having an inserted
catheter was 29.87 + 35.11 days, and the mean duration of
ICU stay was 20.94 + 20.29 days.

Clinical factors

The results of %* test and t-test to observe differences
between the patients with CAUTI and the control group are
shown in Table 3. The difference in the duration of having an
indwelling catheter was statistically significant between the

two groups (p = 0.002). The duration of having an indwelling
catheter was longer in CAUTI patients (43.53 + 45.26 days)
than in the control group (24.47 + 28.59 days). Female sex was
also a significant risk factor for CAUTI (OR =2.06; 95%CI
1.09-3.87; p=10.016). Age also appear to be a significant risk
factor (p = 0.039) in univariate analysis. Other factors were not
significantly different between the groups (p > 0.05).

Multivariate logistic regression analysis (Homer-
Lemeshow Goodness of Fit test) identified two risk factors
independently associated with CAUTI: the duration of ha-
ving an indwelling catheter (OR =1.014; 95% CI 1.005—
1.024; p=0.003) and female gender (OR =2.377; 95%CI
1.278—4.421; p=0.006). Age did not appear to have a signi-
ficant effect.

Table 3
Results of univariate analysis of factors contributing to catheter-associated urinary tract infection (CAUTI)
occurrence
Clinical factors CAUTI (n = 64) Controls (n = 162) p value
Sex, n (%) 0.016
male 32 (50) 109 (67.28)
female 32 (50) 53 (32.72) ¥ =5.84; OR = 2.06 (1.09-3.87)
Age (years), mean + SD (SE) 53.84 £21.08 (2.635) 60.06 + 19.94 (1.567) 0.039
Diabetes mellitus, n (%)
diabetic patient 9(14.4) 21 (13.0) 0.826
nondiabetic patient 55(85.9) 141 (87.0) '
Cancer, n (%)
cancer patient 13 (20.3) 25 (15.4) 0377
noncancer patient 51 (79.7) 137 (84.6) ’
Recent surgery, n (%)
yes 54 (84.4) 131 (80.9) 0.537
no 10 (15.6) 31(19.1)
Duration of ICU stay (days), 2528 +2520 19.22 £17.79 0.082
mean + SD (SE) (3.151) (1.398) ’
Duration of catheterization (days), 43.53 +45.26 24.47 +28.59
mean + SD (SE) (5.658) (2.247) 0.002

The values are presented as number (%) or mean + standard deviation (SD); SE — standard error; ICU — intensive

Care Unit.
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Microbiological factors

Overall 71 pathogens were isolated from the urine cul-
ture of 64 patients with CAUTI. Candida spp. was the most
frequently isolated microorganisms (20 patients, 28.2%)
(Table 4). Of the Pseudomonas aeruginosa isolates, second
most frequently causative agent (13 patients, 18.3%), 69.2 %
(9/13) and 46.1% (6/13) were resistant to ciprofloxacin, and
imipenem, respectively. Other found species were Klebsiella
spp. (11 patients, 15.5%), out of which 81.8% (9/11) were
the third generation of cephalosporin resistant, and Enetero-
coccus spp (9 patients, 12.7%). Among the enterococcal iso-
lates, vancomycin resistance was found in 11.1% (1/9). Car-
bapenem-resistant Klebsiella spp. was first reported in urine
culture in 2011 (1 patient, 9.0%).

Table 4

Etiology of catheter-associated urinary tract infections in

the Surgical Intensive Care Unit of the Military Medical
Academy, Belgrade, Serbia

Pathogen No. of isolates (%)

Gram-negative bacteria 41 (57.7)
Pseudomonas aeruginosa 13 (18.3)
Klebsiella spp. 11 (15.5)
Escherichia coli 8 (11.3)
Acinetobacter spp. 5(7.0)
Proteus spp. 34.2)
Pseudomonas spp. 1(1.4)

Gram-positive bacteria 10(14.1)
Enterococcus spp. 9 (12.7)
Staphylococcus aureus 1(1.4)

Fungi 20 (28.2)
Candida spp. 20 (28.2)

Total 71 (100)
Discussion

The catheter-associated IR was in the range from 7.23
to 15.57 (10.38) infections per 1000 catheter days for the pe-
riod from 2008 to 2011. Summary of device-associated in-
fections data collected and reported by hospitals participating
in the NHSN from January through December 2006 showed
that pooled mean CAUTI rates ranged 3.1-7.5 infections per
1,000 catheter days »*. Finklestein et al ** found the incidence
of 10—-14 UTTI per 1,000 catheter days among 337 patients in
a single Israeli ICU.

Urinary catheter days/patient days ranged from 0.5 to
0.7 in our study. Between 15% and 25% of hospitalized pati-
ents may receive indwelling urinary catheters > **. In many
cases, catheters are placed for inappropriate indications or
there is a prolonged, unnecessary use of catheters *~'. In a
NHSN report in 2006, pooled mean urinary catheter utiliza-
tion ratios in ICU was in the range from 0.29 to 0.91 urinary
catheter-days/patient-days *°.

The urinary catheter provides a route for bacterial entry
along both its external and internal surfaces (extraluminal
and intraluminal route of microorganism migration) **. Con-
tamination of urine in the drainage bag can allow organisms
to access the bladder through the drainage tube and the cat-
heter lumen.

The formation of biofilms on the surface of the catheter
and drainage system is associated with prolonged durations

of catheterization **. Microorganisms that colonize the periu-
rethral skin can migrate into the bladder through a biofilm
that forms between the epithelial surface of the urethra and
the catheter. Also, the presence of the catheter itself impairs
many of the normal defense mechanisms of the urinary tract.

In this study, two risk factors (duration of catheterizati-
on and female gender) were found to be independently asso-
ciated with infection. Female gender was a significant factor
associated with UTI in several other studies also ***’. Increa-
sed duration of catheterization was identified as
independently associated with CAUTI in this study and in
some other ***’. Rosser et al. *' found that the length of cat-
heterization was one of the independent factors associated
with the development of nosocomial UTI. The daily risk of
bacteriuria with catheterization is 3% to 10% ***, approac-
hing 100% after 30 days **.

The most common microorganisms responsible for
ICU-acquired UTIs in this study were Candida spp., Pseu-
domonas aeruginosa, and Klebsiella spp.

The most frequent pathogens associated with CAUTI
according to summary of data that hospitals reported to
NHSN from January 2006 through October 2007 were Es-
cherichia coli (21.4%) and Candida spp. (21.0%), followed
by Enterococcus spp. (14.9%), Pseudomonas aeruginosa
(10.0%), and Enterobacter spp. (4.1%) *.

Similarly to data in our study, the most common causa-
tive microorganism of ICU-acquired UTI was Candida spp.
in study of intensive care unit-acquired UTIS in Singapore *°.

Laupland et al. *’ found that the most frequent microor-
ganisms in ICU-acquired UTIs were Escherichia coli (23%),
Candida albicans (20%), Enterococcus spp. (15%) and Pse-
udomonas aeruginosa (10%).

Antimicrobial resistance among nosocomial pathogens
is the increasing problem in our hospital, especially in
SICU ** *. Resistance of gram-negative pathogens to third-
generation cephalosporin and ciprofloxacin was few times
higher than in NHNS reported during the three periods,
1992-2004, 2006-2007 and 2008-2009 '>*>**, In our SICU
carbapenem-resistant Klebsiella spp. was first reported in
urine culture in 2011. Prevention is a top priority for redu-
cing person-to-person transmission of carbapenem-resistant
Klebsiella spp. and will be a challenge for all healthcare
workers in our hospital in future. This is especially true be-
cause there are very limited treatment options to use after the
development of carbapenem-resistance.

Candida spp. is unusual cause of UTI in healthy indivi-
duals, but common causes of UTI in the hospital setting.
Most of the patients in our study received broad-spectrum
antibiotics in the ICU. This could have resulted in decoloni-
zation of normal bacterial flora, allowing Candida spp. to
grow and become the dominant microorganism.

Conclusion

The results of the case-control study confirm that a
critical illness is commonly complicated by the develop-
ment of nosocomial CAUTI. The length of urinary cathete-
rization and female gender are significant risk factors of
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CAUTI. The most frequently isolated microorganisms respon-
sible for SICU acquired CAUTI in this study were Candida
spp., Pseudomonas aeruginosa, and Klebsiella spp.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Risk factors and causative microorganisms associated with

CAUTI in SICU patients must be considered in planning of pre-
ventive measures against urinary tract infections in this setting.
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Abstract

Background/Aim. Postoperative infectious complications are
one of the most important problems in surgical treatment of co-
lorectal cancer (CRC), being present in up to 40% of patients.
The aim of this paper was to establish the significance of serial
measurement of C-reactive protein (CRP) in serum and matrix
metalloproteinase-9 (MMP-9) in drainage fluid for the detection
of infectious complications and anastomotic leakage (AL) in pa-
tients with colorectal resection. Methods. CRP and MMP-9 val-
ues in serum and drainage fluid, respectively, were measured on
the first, third, fifth, and seventh postoperative day (POD) in 150
patients with colorectal resection and primary anastomosis. The
values obtained were compared between the patients without
complicatons and those with surgical site and remote infections
and AL. Results. Surgical site infections (SSIs) were observed in
41 (27.3%), and remote infections in 10 (6.7%) patients. Clini-
cally evident AL was observed in 15 (10%) patients. In 82% of
the patients with SSIs, serum CRP value on POD 5 exceeded 82

Apstrakt

Uvod/Cilj. Postoperativne infektivne komplikacije spadaju u na-
jvece probleme hirurskog lecenja kolorektalnog karcinoma [cw/orec-
tal cancer (CRC)] i nastaju kod 40% bolesnika. Cilj rada bio je ut-
vrdivanje znacaja setijskog merenja vrednosti C-reaktivnog pro-
teina (CRP) u serumu i matriks metaloproteinaze-9 (MMP-9) u
drenaznoj te¢nosti za detekciju infektivnih komplikacija i dehiscen-
cije anastomoze kod bolesnika sa resekcijom kolona i rektuma.
Metode. Prvog, treceg, petog i sedmog postoperativnog dana

mg/L, with 81% specificity. AL was reported in 85% and 92%
of the patients on PODs 5 and 7, respectively, with CRP values
of 77 mg/L and 90 mg/L, respectively. The specificity was 77%
for POD 5 and 88% for POD 7. All the patients with CRP val-
ues exceeding 139 mg/L on POD 5 had some of SSIs and/or
AL. The mean values of MMP-9 were not statistically different
between the group without complications (n = 99) and the group
with AL (n = 15). Conclusion. Serial measurement of CRP is
recommended for screening of infectious complications of colo-
rectal resection. Patients with CRP values above 139 mg/L on
POD 5 cannot be discharged from hospital, and require an in-
tensive search for infectious complications, particularly AL.
MMP-9 measurement in drainage fluid is not relevant in the de-
tection of AL in patients with colorectal resection.

Key words:

c-reactive protein; matrix metalloproteinases; anastomosis
surgical; postoperative complications; digestive system
surgical procedures.

odredivane su vrednosti CRP u serumu i MMP-9 u drenaznoj te¢-
nosti kod 150 bolesnika sa kolorektalnom resekcijom i primarnom
anastomozom. Dobijene vrednosti su uporedivane izmedu grupa
bolesnika bez komplikacija i onih sa specificnim i udaljenim infek-
tivnim komplikacijama i dehiscencijom anastomoze. Rezultati.
Specifiéne infektivne komplikacije operativnog lecenja registrovane
su kod 41 (27,3%), a udaljene kod 10 (6,7%) obolelih. Klinicki ma-
nifestnu dehiscenciju anastomoze imalo je 15 (10%) bolesnika.
Kod 82% bolesnika sa specifi¢nim komplikacijama vrednost CRP
petog postoperativnog dana bila je veca od 82 mg/L, uz specific-
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nost od 81%. Dehiscencija anastomoze registrovana je kod 85%
bolesnika petog i kod 92% sedmog postoperativnog dana pri
vrednostima CRP od 77 mg/L i 90 mg/L, respektivno. Specifi¢-
nost je bila 77% petog dana i 88% sedmog postoperativnog dana.
Svi bolesnici sa vredno$éu CRP preko 139 mg/L petog postopeta-
tivnog dana imali su neku od specifi¢nih infektivnih komplikacija
i/ili dehiscenciju anastomoze. Srednja vrednost MMP-9 bila je bez
statisticki znacajne razlike izmedu grupe bolesnika bez kom-
plikacija (n =99) i grupe sa dehiscencijom anastomoze (n = 15).
Zaklju¢ak. Serijsko merenje vrednosti CRP u serumu moze da se
preporuci za otkrivanje infektivnih komplikacija. Operisani

bolesnici sa vrednostima CRP iznad 139 mg/L petog postopera-
tivnog dana ne mogu se otpustiti iz bolnice i kod njih se mora tra-
gati za infektivnim komplikacijama operativnog lecenja,
prvenstveno dehiscencijom anastomoze. Odredivanje MMP-9 u
drenaznoj te¢nosti nema znacaj za detekciju dehiscencije anasto-
moze kod bolesnika sa kolorektalnom resekcijom.

Kljucne redi:

c-reaktivni protein; matriks metaloproteinaze; anastomoza,
hirurSka; postoperativne komplikacije; hirurgija digestivnog
sistema, procedure.

Introduction

Postoperative infectious complications are one of the most
important problems in surgical treatment of colorectal cancer
(CRC), being present in up to 40% of patients '. Leakage of ana-
stomosis created during surgical treatment is the most severe
treatment complication, posing dilemmas for surgeons as to the
prevention, early detection, and appropriate further treatment.
Not only that it significantly impacts postoperative morbidity
and mortality > °, quality of life ¥, prolongs length of hospital
stay and increases treatment costs >, but is largely correlated
with local recurrence rates and reduced tumor-specific survival
of patients °. The reported leak rate varies, between 3% to 19%,
depending on the definition >* . It is more common after rec-
tal surgery, between 8% and 14% >*'*"', compared to the co-
lon, ranging from 3% to 7% '> . Early detection of this,
potentially most dangerous complication, in the absence of clear
clinical manifestations, would make possible early introduction
of appropriate therapeutic measures intended to alleviate or eli-
minate adverse effects. The possibility of anticipating a postope-
rative course without complications in the era of adoption of the
Enhanced Recovery After Surgery (ERAS) " protocol, is of sig-
nificance with regard to earlier patient discharge and shorter
length of hospital stay.

C-reactive protein (CRP) is the most popular and most
widely available marker of the acute inflammatory response.
In recent years, the significance of association of elevated
systemic inflammatory response and worse cancer specific
survival of the patients with colorectal cancer has been empha-
sized, regardless of the tumor disease stage . CRP is
synthesized in the hepatocytes, being released during the acute
phase of inflammatory response, after the stimulation with in-
terleukin 6 (IL-6), tumor necrosis factor a (TNF-o), and inter-
leukin 1 B (IL-1 ), originating in the infection site '°. CRP va-
lues in serum rise even before the clinical signs of infection
become apparent . These properties make CRP an ideal pre-
dictor of postoperative infectious complications, and combined
with the clinical presentation, can be a marker of postoperative
course, including both surgical and non-surgical treatment
complications '*. Since it is a non-selective marker of the
inflammatory process, before searching for more specific ones,
it is necessary to exclude remote infectious complications .

Matrix metalloproteinases (MMPs) are the most impor-
tant factor in the preservation of extracellular matrix homeos-
tasis in numerous tissues, being involved in numerous proces-
ses such as reproduction, morphogenesis, embryonal deve-

lopment, bone remodeling, angiogenesis, and tissue healing .
These are endopeptidases by nature, and 23 members of the
family have been described in humans. At the transcriptional
level, their synthesis is induced by proinflammatory cytokines,
growth factors, hormones, ultraviolet radiation, physical stress,
cell-cell and cell-matrix interactions '**°. They are secreted in-
to the environment in their inactive form as zymogens or pro-
matrix metalloproteinases, with the exception of neutrophils,
macrophages, and Paneth cells, where they are stored in the gra-
nules . They have a complex function, which depends on the
relationship of numerous activators and inhibitors of tissue
matrix metalloproteinases (TIMMPs) ® Increased MMPs
activity in the immediate vicinity of an anastomosis in
experimental studies, has given rise to the idea that increased
MMP activity in the immediate postoperative course could be
responsible for anastomotic leakage (AL) *"*. According to our
knowledge there have been only two clinical papers elaborating
a possible association of MMPs and AL in patients with colorec-
tal resection ~**,

The aim of this paper was to establish the significance of
serial measurement of CRP in serum and MMP-9 in drainage
fluid for the detection of infectious complications and AL in pa-
tients with colorectal resection.

Methods

This prospective analysis enrolled 150 patients with cancer
of the left colon and rectum surgically treated at the Clinic for
General Surgery, Military Medical Academy, Belgrade, in the
period from April 2011 to November 2012.

Preoperatively, appropriate investigations were performed
in all the patients in order to establish the diagnosis and degree
of disease spread [clinical examinations, endoscopic
examination with biopsy and histopathology, abdominal ultra-
sound (US), chest x-ray]. Additional investigations, such as mul-
tislice computerized tomography (MSCT) of the abdomen
and/or chest in patients with colon cancer, were done only in
those cases in which the baseline tests (US, chest x-ray) had
aroused suspicion of disease dissemination. In those with cancer
of the distal and middle third of rectum, MSCT of the small pel-
vis was performed in order to establish local cancer spread and
the need for preoperative adjuvant therapy.

The parameters relevant for the outcome of surgical treat-
ment were registered for all the patients: age, anemia, comorbid
conditions (diabetes mellitus, chronic obstructive pulmonary di-
sease, arterial hypertension), and body mass index (BMI).

Kosti¢ Z, et al. Vojnosanit Pregl 2015; 72(10): 889-898.
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The patients with clinical signs of infection or some other
inflammatory condition present preoperatively, were excluded
from the study.

All the operations were done at the Clinic for General
Surgery, Military Medical Academy, by the surgeons with at le-
ast 30 similar surgical interventions performed per year.

Mechanical preoperative large bowel preparation was done
only in those with rectal cancers.

The analysis involved only the patients in whom conventi-
onal elective, radical, or palliative surgical intervention was do-
ne, with colo-colonic or colorectal anasomosis, handsawn or
stapled. The patients operated for tumor recurrence were
excluded from the study. The creation of diverting ileostomy or
transversocolostomy depended on the individual assessment of
surgeons. Before the closure of laparotomy incision, abdominal
cavity of the patients was routinely drained with at least one dra-
in placed in the area of the pouch of Douglas or in the presacral
area, in the region of colorectal anastomosis.

In the immediate postoperative course, within a month of
surgery, all remote (pneumonia, urinary infection, infections ca-
used by the central venous line) and surgical site (wound infec-
tion, anastomotic leakage, intra-abdominal abscess collections)
infectious complications were registered. Redness, edema, and
purulent secretion at the site of laparotomy wound were the cli-
nical criteria establishing the presence of infection in the surgi-
cal incision site ', Clinical parameters of AL were defined by
the presence of purulent or fecal content at the drain site, pelvic
abscess, peritonitis, rectovaginal fistula, or the appearance of pu-
rulent content from the rectum (per recti) . Routine, contrast-
enhanced x-ray control of the anastomosis was not implemen-
ted, since the patients with asymptomatic leakage, were not re-
levant for the study. In patients with low colorectal anastomosis,
digital rectal examination was an integral part of the
examination to detect possible AL. Intraabdominal abscesses
were detected by way of the presence of purulent secretion after
surgical or percutaneous ultrasound-guided drainage of these
collections '*. Appropriate clinical presentation with a positive
x-ray finding in pneumonia, urinary sediment and urine culture
in urinary infection, and positive blood culture in infections cau-
sed by central venous line, defined the presence of individual
remote infections.

On the first, third, fifth, and seventh postoperative day
(POD), serum CRP values were measured, utilizing the method
immunonephelometry on a SIEMENS autoanalyzer (Dade Be-
hring BN II), and MMP-9 activity was measured in intraperito-
neal drainage fluid utilizing the enzyme-linked immunosorbent
assay (ELISA) method. These laboratory parameters were mea-
sured at the Institute of Medical Biochemistry, Military Medical
Academy, Belgrade.

The usual descriptive statistic parameters were used in sta-
tistical analysis of the obtained results (mean value, standard de-
viation, range, 95% confidence interval, frequency of individual
characteristics). Depending on the normality of distribution of
the observed parameters and the number of groups among
which statistical significance was sought for, out of parametric
tests the Students t-test was used for independent characteristics,
and out of non-parametric tests the Mann-Whitney U-test. The
existance of a statistically significant difference between the

frequency distributions of individual groups was validated using
the y’-test. The sensitivity and specificity of relevant biochemi-
cal markers were analyzed using the receiver operating characte-
ristic curve (ROC).

Commercially available statistical software package SPSS
version 17 (USA) was used for statistical analysis.

Results

We analyzed 150 patients in total, 94 (66.7%) men and 56
(33.3%) women (male-to-female ratio, 1.7:1). The youngest
operated patient was 33, and the oldest one 87 years of age. The
average age of the patients was 65 + 11 years. Table 1 presents
some of the characteristics of our surgically treated patients.

Tablel
Characteristics of the surgically treated patients
Patients characteristics Values
Gender, n (%)
male 94 (66.7)
female 56 (33.3)
Age (years)
%+ SD 65+ 11
range 33-87
median 65
Body mass index (kg/mz)
X+ SD 25.80+4.14
median 25.18
Comorbidities, n (%)
yes 85 (56.7)
no 65 (43.3)
Tumor site, n (%)
splenic flexure 12 (8)
descendent colon 2(1.3)
sygmoid colon 33(22)
rectosigmoid junction 38 (25.3)
rectum — upper (10-15 cm) 9 (6)
rectum — middle (5-10 cm) 36 (24)
rectum — lower (< 5 cm) 20 (13.3)
Disease stage, n (%)
T1 11(7.3)
T2 14 (9.3)
T3 122 (81.3)
T4 3(2)
NO 91 (60.7)
NI (1-3) 41(27.3)
N2 (4-6) 16 (10.7)
N3 (>6) 2(1.3)
MO 136 (90.7)
M1 14 (9.3)
Astler-Coller, n (%)
A 10 (6.7)
Bl 12 (8)
B2 66 (44)
Cl 2(1.3)
C2 46 (30.7)
D 14 (9.3)
Anastomosis, n (%)
colo-colo 47 (31.3)
colo-recto 103 (68.7)
handsawn 63 (42)
stapled 87 (58)
Preoperative radiation, n (%)
yes 28 (18.7)
no 122 (81.3)
Diverting stoma, n (%)
transverse colostomy 45 (30)
ileostomy 4(2.7)
no 101 (67.3)
Morbidity, n (%)
total complications 51/150 (34)
surgical site infections 41/150 (27.3)
remote infections 10/150 (6.7)
Mortality 6/150 (4)
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Comorbidities were present in 85 (56.7%) of the patients.
Cancer of the left colon was present in 85 (56.7%), and rectal
cancer in 65 (43.3%) of the patients. There were 122 (81.3%) of
the patients with T3 tumors; metastatic lymph node involvement
was present in 59 (39.3%) of the patients, and distant metastatic
disease in 14 (9.3%) of the patients. There were 20 (13.3%) co-
lo-colonic, and 130 (86.7%) colo-rectal anastomoses performed.
In four patients, atypical segment resection of the liver with me-
tastatic foci was performed, in two cases typical liver resection,
and in eight metastatic deposits were only biopsied. There were
63 (42%) handsewn anastomoses, and 87 (58%) were created
using staplers. Preoperative radiation therapy was administered
in 28 patients, i.e. in 50% of those with cancers of the middle
and distal portion of the rectum.

The overall morbidity rate associated with surgical treat-
ment was 34%, and mortality rate 4%. Surgical site infections

(SSIs) were observed in 41 (27.3%) and remote infections in 10
(6.7%) of the patients. In 99 surgically treated patients postope-
rative course was without any complications.

Clinically evident AL was observed in 15 of the patients —
in two patients (4.2%) with left colonic surgery, and in 13
(12.6%) patients with colo-rectal anastomosis. Postoperative
mortality rate associated with AL was 13%, and out of six fatal
outcomes, leakage was the immediate cause of death in two.
Table 2 shows the results of univariate and multivariate analysis
of risk factors for the occurrence of AL.

Male patients with tumors of the middle and distal third
of the rectum (< 10 cm), those undergoing preoperative radi-
ation therapy, and those with created diverting stomas were
at the highest risk of developing AL.

In Table 3 the mean CRP values in serum for the obser-
ved postoperative days in the group of patients without sur-

Table 2

Characteristics of patients with anastomotic leakage (AL) — univariate and multivariate analysis

Variable Patients with AL All patients Univariate Multivariate analysis 95% CI
(n=15) (n=150) analysis RR lower upper p

Age (years), X + SD 68+ 14 65+ 11 ;z%gfé 1.02 0.98 1.08 0.32
<65,n (%) 5/77 (65) ¥ =1435 229 074 704 015
> 65,1 (%) 10/73 (13.7) p=0.231 ) ) : ‘

Gander, n (%)
male 14/94 (14.9) ¥=5322 0.6 123 7534 0.03
female 1/56 (1.6) p=0.02

Bodymassindex(kg/mz), X+ SD 25.35+3.85 25.8+4.14 t=0.404 0.97 0.84 1.11 0.65

p=0.687

Tumor site, n (%)
left colon 2/47 (4.2) ¥ =3.525 772 0.99 60.55 0.052
rectum 13/103 (12.6) p=0.060

Anastomosis (cm), n (%)
>10 2/85 (2.3) * =086 10.37 295 47.84 0.003
<10 13/65 /20) p<0.001

Comorbidities, n (%)
yes 10/85 (11.7) x =0302 1.17 039 3.48 0.78
no 5/56 (1.7) p=0.583

Disease stage, n (%)
T, T, 3/25(12) 1 =0.000 1.28 033 493 0.71
Ty, Ty 12/125 (9.6) p =1.000
NO 8/91 (8.8) r=0112 1.40 0.48 4.08 0.54
N+ 7/59 (11.9) p=0.738

Anastomosis, n (%)
handsaw 3/63 (4.8) ¥=2384 320 0.6 11.86 0.08
stapled 12/87 (13.8) p=0.123

Preoperative radiation, n (%)
yes 8/29 (28.6) 1 =10.778 153.14 1674 4007 0.001
no 7/122 (5.7) p =0.001

Divert stoma, n (%)
yes 10749 (20.4) 1 =7.126 268.00 2850 25020 0.001
no 5/101 (5) p =0.008

*RR - relative risk; CI — confidence interval; xz — chi square test; t — Student's t-test.

Table 3

Correlation of serial serum C-reactive protein (CRP) (mg/L) measurement with infectious surgical treatment
complications, by postoperative days (POD)

POD No complications (n = 99) (:ilfu) Remote infections (n=10) (nA:Ll 5)

X+ SD X+ SD p X+ SD p X+ SD p
1 95.15+37.97 109.39 + 47.81 0.151 121.63 £27.78 0.014 102.11 +39.65 0.595
3 113.47 £40.72 200.58 + 69.46 <0.001 145.20 £ 52.90 0.059 197.25+75.76 0.001
5 57.10 +28.15 154.84 + 69.96 <0.001 103.91 £52.70 0.001 175.93 +£72.51 <0.001
7 49.71 £ 29.95 119.86 + 72.59 <0.001 102.17 £ 71.66 0.003 155.61 +77.49 <0.001

*Mann-Whitney U-test, comparison with patients with no complications; SSIs — surgical site infections; AL — anastomotic leakage.
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gical treatment complications (n=99) and those with SSIs
(n=41) and remote (n=10) infectious complications, and
those with AL (n=15) are given. On POD 1, there were no
statistically significant differences in CRP values between
the group of patient without and those with surgical treat-
ment complications.

Figure 1 illustrates the mean CRP values by the group
of patients for the observed PODs.

250

150

100 |
. - -® - No conplicatiors

POD1 POD3 PODS POD7

Fig. 1 — Serum C-reactive protein (CRP) values (mg/L) in
the patients without, and those with surgical site infections
(SSIs) remote infections, and anastomotic leakage (AL), by

postoperative days (POD).

L0+ Legend
=—=POD 1
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—TOD 5
==POD 7
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Fig. 2 — Diagnostic accuracy of serum C-reactive protein
(CRP) in the detection of surgical site infections (SSIs)
expressed as a receiver operating characteristic (ROC) curve.
POD - postoperative day.

In all the patients there was the increase of CRP, with
maximum values reported for POD 3. In those without com-
plications, there was a descending tendency, significantly
more evident compared to descending CRP values in those
with SSIs and AL. While serum CRP values in patients with
SSIs and AL remained high on PODs 5 and 7, in those with
remote infections CRP values returned to the baseline on
POD 7.

Sensitivity and specificity of serum CRP measurement
in the detection of SSIs and AL were analyzed using the
ROC curve and are shown in Table 4 and Figures 2 and 3.
CRP values on POD 5 are most important in the detection of
SSIs, and on PODs 5 and 7 in the detection of AL. The area
under the ROC curve on POD 5 in the patients with SSIs was
0.926, and in those with AL 0.920 on POD 5, and 0.960 on
POD 7. In 82% of the patients with SSIs, CRP values on
POD 5 exceeded 82 mg/L, with 81% specificity. All the pati-
ents with CRP values above 139 mg/L on POD 5 had some
of SSIs. AL was observed in 85% of the patients on POD 5
and in 92% on POD 7, with CRP values of 77 mg/L and 90
mg/L. The method specificity was 77% for POD 5, and 88%
for POD 7. All the patients with AL had CRP values above
139 mg/L on POD 5.

Table 5 illustrates the results of cutoff CRP values in
postoperative infectious complications in different authors’
papers, including ours.

’a Legend
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=== POD 3

==T0D 5

= POD 7

==-Reference Line

T T T
00 02 0,4 0,6 038 Lo
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Fig. 3 — Diagnostic accuracy of serum C-reactive protein (CRP)
in the detection of anastomotic leakage (AL), expressed as a
receiver operating characteristic (ROC) curve.

POD - postoperative day.

Table 4

Sensitivity and specificity of serum C-reactive protein (CRP) in the patients with surgical site infections and anastomotic leakage
by postoperative days (POD), espressed as an area under the receiver operating chracteristic (ROC) curve (AUC)

POD Cutoff value CRP (mg/L) Sensitivity (%) Specificity (%) AUC (95% CI) p
Surgical site infections (n = 41)
1 100 51 63 0.567 (0.454 — 0.681) 0.28
3 150 73 84 0.847 (0.766 — 0.928) <0.001
5 82 82 81 0.926 (0.882 — 0.970) <0.001
7 32 67 38 0.854 (0.789 — 0.920) <0.001
Anastomotic leakage (n = 15)
1 111 54 71 0.538 (0.348 — 0.729) 0.65
3 140 69 79 0.748 (0.567 — 0.929) 0.004
5 77 85 77 0.920 (0.849 —0.991) <0.001
7 90 92 39 0.960 (0.925 —0.994) <0.001

CI - confidence interval.
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Table 5
Cutoff values of serum C-reactive protein (CRP) in
postoperative infectious complications

Study CRP (mg/L)
POD 1
MacKay et al. *' 82
Korner et al. ** 89
Scepanovic et al. * 187
Warschkow et al. ** 123
Kostic et al. (this study) 112
POD 2
Welsch et al. 7 140
MacKay et al. *! 164
Scepanovic et al. * 164
Warschkow et al. ** 173
POD 3
Welsch et al. 7 140
MacKay et al. ! 195
Korner et al. ** 190
Scepanovic et al. * 135
Warschkow et al. ** 185
Kostic et al. (this study) 150
POD 4
Welsch et al. 7 140
MacKay et al. *' 145
Ortega-Deballon et al. * 125
Scepanovic et al. * 116
Warschkow et al. ** 123
POD 5
MacKay et al. *' 135
Korner et al. ** 154
Scepanovic et al. ** 114
Warschkow et al. ** 83
Kostic et al. (this study) 82
POD 7
Korner et al. ** 215
Scepanovic et al. * 85
Kostic et al. (this study) 82

POD - postoperative day.

Table 6 shows the relationship of the mean MMP-9 values in
drainage fluid for the observed PODs between the group of
patients without surgical complications (n=99) and the
group of those with AL (n=15). There were no statistically
significant differences in MMP-9 values between the
analyzed groups.

patients with AL in our study was 13%, and out of six de-
aths, leakage was the immediate cause of death in two. Ric-
kert et al. ', analyzing the treatment results in 1,731 patients
with colon resection, have reported the AL rate of 3.5% and
the mortality rate of 25% in those with complications. In 807
patients with colorectal resection, Buchs et al. > have repor-
ted the AL rate of 3.6% and the mortality rate of 13% in the
affected. A half of the patients were surgically treated for
CRC, and AL rate after rectal resection was 13%. Reporting
the results of treatment of 739 patients with colorectal resec-
tion in a ten years’ period (1997-2007), in a tertiary care in-
stitution in Netherlands, Komen et al. ® stated that AL occur-
red in 64 (8.7%) patients, out of which nine (14%) died. The
incidence of AL in patients with left hemicolectomy was
12%, with resection of sygmoid colon 8%, rectosygmoid co-
lon 17%, and with low anterior resection and with total me-
sorectal excision 13%.

Numerous risk factors could be considered significant
for the occurrence of AL, such as age 21, 28 gender 713
smoking 10 obesity % 8 27 malnutrition 2~ %, American
Society of Anesthesiologists (ASA) score > ', laparoscopic
access ", duration of surgery >**, intraoperative blood tran-
sfusions ", level of anastomosis > 7 '°, site of rectal cancer %,
preoperative steroid *° and radiation therapy ’, diverting sto-
ma "* ", and prophylactic intraoperative abdominal drainage
819 Univariate and multivariate analysis of our patients de-
monstrated male gender, anastomosis created below 10 cm
from the anal verge, preoperative radiation therapy, and di-
verting stoma to be significant risk factors for AL. Years of
age, body mass index, comorbidities, tumor size,
lymphonodal status, and type of anastomosis (handsewn or
stapled) did not have an impact on the incidence of AL. Tu-
mor site (colon vs rectum) could probably be a significant
risk factor if the study included patients with cancer of the
right colon, in view of a lower incidence of AL after resecti-
on of the right compared to the left colon . In contrast to
other authors’ papers, where the incidence of AL was lower

in those with intraoperatively created diverting stoma > ' %,

Table 6

Matrix metalloproteinase-9 (MMP-9) values in the drainage fluid in patients without complications
compared to those with anastomotic leakage (AL)

No complications (n = 99)

AL (n=15)

POD <+ SD <+ SD Z adjusted p

1 1239.09 £ 618.22 1296.10 + 687.71 0.112136 0.91
3 1151.31 £975.58 1114.79 £ 715.96 0.479493 0.61
5 1147.17 + 559.64 1166.43 +599.55 0.799385 0.42
7 1086.55 + 466.47 948.16 + 393.48 0.608981 0.54

*Mann-Whitney U-test; POD — postoperative day.

Discussion

Anastomotic leakage (AL) is potentially the most serio-
us surgical treatment complication in patients with CRC. It is
the leading cause of postoperative mortality of patients with
CRC, and an immediate cause of the one third of deaths after
surgery ' ', In the analysis of our patients, we used
exclusively the clinical criteria to establish AL % and it was
reported in 15 patients. The postoperative mortality rate of

in our study AL was significantly more common in the pati-
ents with stoma. The explanation for this could be found in
our patient selection criteria. In other authors’ papers, stoma
was most commonly created depending on the level of anas-
tomosis, and patients with surgical treatment complications
were excluded from the analysis. Diverting stoma did not
prevent anastomotic leakage, but it reduced adverse septic
consequences of leakage instead °. In our patients, the crea-
tion of diverting transversocolostomy or ileostomy depended
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exclusively on the surgeon’s decision, and it was most
commonly performed in patients with surgery-related problems,
such as long lasting surgical procedure, intraoperative
hypotension, bleeding and the need for blood transfusion, diffi-
culties in the creation of anastomosis, incomplete rings in the
anastomosis created with mechanical staplers, and similar, and
these are the factors significantly contributing to the incidence of
the complication ’.

The closer an anastomosis is to the anocutaneous junction,
the higher is the risk of leakage. Trencheva et al. *, in their pros-
pective analysis of 616 patients with colorectal resection, with
leakage incidence of 5.7%, have emphasized that anastomoses
created below 10 cm from the anal verge were the most impor-
tant prognostic risk factor, which was in accordance with our
own results. Shiomi et al. ' have recommended mandatory fecal
diversion for the anastomoses below 5 cm from the anal verge,
taking into consideration a significant difference in the incidence
of clinically evident AL in this group of patients with and
without defunctioning stoma (3.8% Vs 12.7%). Similarly, Mat-
hiessen et al. ° have found a statistically significant difference in
the incidence of AL in patients with anastomosis up to 7 cm
from the anal verge, without and with diverting stoma (28% Vs
10.3%).

Complications are an inevitable companion of any surgical
treatment, and their prevention and/or earlier detection and
timely therapeutic management are the prerequisite of improved
overall treatment results. In the immediate postoperative course,
often septic condition cannot be reliably distinguished from
normal systemic inflammatory response to surgical trauma. Sin-
ce clinical examination most often cannot be the sole approach
in making the diagnosis, the need for selective and specific mar-
kers of infectious complications is essential, enabling their early
detection and implementation of appropriate measures to impro-
ve treatment outcomes ' *'. The ability to predict a complicati-
on-free postoperative course in the era of adoption of the En-
hanced Recovery After Surgery (ERAS) ' protocol, is essential
regarding earlier discharge and shorter length of hospital stay **.

C-rective protein (CRP) is the protein of acute
inflammatory phase and most commonly measured non-specific
marker of systemic inflammatory response. Serum half-life of
CRP is constant, being 19 hours, and its elevated concentrations
are the consequence of increased synthesis in response to stimu-
lus intensity, being the measure of acute inflammatory response
. What is even more important, serum CRP values increase
even before the clinical signs of infection become evident, such
as increased body temperature, rapid heartbeat, and pain . The-
se properties make CRP an ideal predictor of postoperative in-
fectious complications. Since it is a non-selective marker of the
inflammation process, before searching for specific ones it is
necessary to exclude other infectious complications . That is
why we analyzed serum CRP values in the patient groups
without, with surgical site, and remote infections, and especially
in those with AL. In all the patient groups there was an increase
of CRP after surgery, with maximum values observed on POD
3. After that, in those without complications there was a gradual
decline, while high CRP values were maintained on PODs 5 and
7 in those with SSIs and AL (Figure 1 and Table 3).

Similar results can be found in papers of other aut-
hors '-**% Welsch et al. ' have recorded infectious complica-
tions in 383 patients with cancer of the rectum in whom resecti-
on and primary anastomosis were performed. Serum CRP valu-
es, number of leukocytes, thrombocytes, and body temperature
were recorded every day during twelve PODs. Two groups were
compared — 48 patients with complications and 48 with normal
postoperative course. The authors found that in patients without
complications, after an initial rise of CRP wvalues (with
maximum mean value of 140 mg/L) on POD 2, there was a gra-
dual decline of CRP values on days to follow. In those with
complications, high CRP values persisted after POD 2. Korner
etal. ™ analyzed the results of serum CRP values on PODs 1, 3,
5, and 7 in 231 patients with colorectal resection divided into
three groups: those without complications, with intraabdominal
complications, and with extra-abdominal infectious complicati-
ons. On POD 1, CRP was elevated in all the patients. The aut-
hors found that the mean value of CRP was highest in patients
with intra-abdominal complications, and that high CRP values
persisted in this group on PODs 5 and 7. In those without com-
plications, a decrease of CRP was observed after POD 3, while
in the group of patients with extra-abdominal complications a
small rise and more modest decline of mean values were obser-
ved. This finding is similar to our own results, since CRP values
on POD 7 correspond to the values observed on POD 1 in the
group of patients with remote infections.

The results of a prospective study in France on 133 pati-
ents with colorectal resection point out the significance of CRP
measurement on PODs 2 and 4 in early identification of patients
with AL. The incidence of AL was 15.5% in this patient seri-
es 2. The relationship of AL and CRP values in 342 patients
with colorectal resection was analyzed by Woeste et al. **. In
contrast to the patients without complications, in 26 (7.6%) pati-
ents with AL there was not any decline of CRP values after the
maximum reached on POD 3. What was most important was
that these high values were measured before clinical evidence of
AL. MacKay et al. *' studied all postoperative infectious com-
plications altogether, regardless of the type of complication.
They concluded that there was a statistically significant diffe-
rence in CRP values between the patients with and without in-
fections starting from POD 2, and that CRP measurement was
most relevant on POD 4 in view of the observed difference.
Most authors today regard CRP measurement between PODs 3
and 5 as most important for the detection of infectious complica-
tions 17,31,32, 34, 36.

Serum CRP values significantly vary during postoperative
course in both the patients with and without complications . It
is therefore necessary to monitor changes of CRP values in the
immediate postoperative course utilizing serial measurements.
Diagnostic accuracy of CRP values monitored as a constant va-
riable depends significantly on the cutoff value. For this purpo-
se, the statistical analysis with ROC curve is believed to be the
most appropriate >, For any clinical assumptions to be drawn
based on CRP values, one has to know that sensitivity and
specificity are inversely related to the chosen cutoff value.

Considering the statistically assessed cutoff value of
123 mg/L on POD 4, Warschkow et al. ** have reported
sensitivity and specificity of 66% and 77%, respectively, in
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the prediction of infectious complications. In view of the fact
that it could not be used as a completely reliable diagnostic
indicator of infection, the authors concluded that CRP values
could be taken into consideration only within the clinical
presentation context. According to Welsch et al. 7, the serum
CRP value of 140 mg/L on PODs 3 and 4 was the cutoff va-
lue for the patients with infectious complications, with
sensitivity of 80% and 54.3%, and specificity of 81% and
92.3%, respectively. For this CRP value on PODs 3 and 4, a
positive predictive value for a postoperative course with
complications was 80.7% and 90.5%, respectively. Korner et
al. ** found that the CRP value of 190 mg/L on POD 3 was a
cutoff value indicating intra-abdominal infectious complica-
tions with sensitivity and specificity of 82% and 73%,
respectively. The area under the ROC curve was 0.82. An
identical diagnostic accuracy was established for CRP values
measured on PODs 5 and 7. According to Ortega-Deballon et
al. ¥, measurement of CRP had the highest diagnostic
accuracy out of all clinical and laboratory data. The values
on PODs 2 and 4 had the highest predictive value in early de-
tection of AL (the area under the ROC curve being 0.715 and
0.845, respectively), as well as other postoperative septic
complications (the area under the ROC curve being 0.804
and 0.787, respectively). They concluded that the patients
with CRP values above 125 mg/L on POD 4 could not be di-
scharged from the hospital. MacKay et al. *' found the posi-
tive and negative predictive value of 61% and 96% in the de-
tection of infectious complications, with high sensitivity and
specificity, for CRP values exceeding 125 mg/L on POD 4.
Patients with CRP values below 135 mg/L on POD 3, accor-
ding to Séepanovié et al. *°, were considered to be without
infectious complications and could be safely discharged from
the hospital.

Analysis of our results using the ROC curve for serum
CRP values demonstrated that the values on POD 5 were
most significant in the detection of SSIs, and on PODs 5 and
7 in the detection of AL. Area under the ROC curve on POD
5 for those with SSIs and AL was 0.926 and 0.920,
respectively. In 82% of patients with SSIs, CRP values on
POD 5 exceeded 82 mg/L, with 81% specificity. All the pati-
ents with CRP values above 139 mg/L on POD 5, had some
of SSIs. Those with CRP values of 150 mg/L and 82 mg/L
on PODs 3 and 7, had the highest risk of developing SSIs,
with sensitivity and specificity of 73% and 84% for POD 3,
and 67% and 88% for POD 7. AL was detected in 85% of the
patients on POD 5 and 92% on POD 7, with CRP values of
77 mg/L and 90 mg/L, and specificity of 77% and 89%,
respectively. AL was present in all the patients with serum
CRP values above 139 mg/L on POD 5, and 150 mg/L on
POD 7.

Increased serum CRP values can indicate the presence
of infectious complications of surgical treatment, but the
type of complication can not be established using this met-
hod, which is of utmost importance in further therapeutic
management. We therefore tried to establish whether MMP-9
measurement in the peritoneal drainage fluid could be of use
in early identification of the patients with AL as the most se-
rious complication of surgical treatment. Biomechanical

strength of an anastomosis depends primarily on the integrity
of collagen-rich submucosal layer *. Experimental models
have shown that in the immediate postoperative course, col-
lagen decomposition prevails collagen synthesis, making an
anastomosis most vulnerable in the first three to five days *.
Studies on experimental animals have associated increased
collagen decomposition with increased activity of
MMPs 2?2 In general, healing represents a complex process
of balancing of extracellular matrix components, involved in
its synthesis and breakdown. Stumpf et al. *' have compared
in their prospective study a group of 15 patients with, and
104 patients without AL. Type I to type III collagen relation-
ship was significantly lower in patients with AL. In these,
tissue levels of MMPs 1, 2 and 9 were significantly higher,
so that the analysis of biopsy samples of normal colonic wall
in this group showed increased tissue expression of MMPs 1
and 2 in the mucosa, and MMPs 2 and 9 in the submucosa.

Drainage fluid is a complex mixture of different biolo-
gical substances, involving different MMPs, both latent and
active enzyme forms, and tissue inhibitors of metalloprotei-
nase (TIMP) and their complexes. Preservation of
extracellular matrix structure depends on the activity of
MMPs and their endogenous inhibitors, and increased
activity of MMP-8 and MMP-9 in the immediate vicinity of
anastomosis has prompted the idea in experimental studies
that increased MMP activity in the immediate postoperative
course could be responsible for AL *" % Both active form
and total (active and latent) MMP concentrations can be me-
asured in the drainage fluid **.

According to our knowledge, only two clinical papers
have been published referring to the association of MMP
with AL in patients with colorectal resection > **. Pasternak
et al. ® have analyzed the drainage fluid samples in 29 out of
30 patients in whom low anterior resection of the rectum was
performed for cancer. The total morbidity was 41%, and
symptomatic AL was detected in 10 (34%) patients. Such a
high rate of AL was explained by a small patient sample.
Drainage fluid was sampled only once, immediately
following the surgery (after 2—6 hours), and the MMP levels
were determined using multiplex flow cytometry. The levels
of MMP-8 and MMP-9 were statistically significantly higher
in the group with AL. The mean value of the difference was
259 ng/mL for MMP-8 (p=0.02) and 1,180 ng/mL for
MMP-9 (p = 0.03). The observed values for other MMPs (1,
2, 3, 7, and 13) were without any significant difference
between the groups. As the shortcomings of the study, the
authors reported small number of the patients, the absence of
multiple testing and multivariate analysis of the results. In
view of the strong observed association of MMP-8 and
MMP-9 levels with AL, they suggested further studies in the
area that would certainly contribute to earlier detection of
AL and timely therapeutic intervention. However, one sho-
uld not forget that while MMP-8 measurement is a routine,
bedside procedure 43, it is not the case with MMP-9, and
flow-cytometry, although highly sensitive, is a costly method
requiring highly trained personnel.

The paper of Baker et al. >* describes the measurement
of MMP and TIMP levels in 58 patients undergoing various
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surgical procedures, from right hemicolectomy to low anteri-
or rectal resection. Samples of peritoneal drainage fluid were
taken daily during the postoperative course, and MMP and
TIMP measurements were done using the ELISA method.
The result analysis showed a significant positive correlation
of MMP-2 levels (POD 3), total MMP-2 (POD 6), and total
MMP-9 (PODs 6 and 7) with surgical complications, while
there was a negative correlation with TIMP-1 (POD 7) and
TIMP-2 (PODs 2 and 3). The highest values of active and to-
tal MMP-9 were observed on POD 1, and gradually decline
till POD 7. High MMP-9 values immediately after the
surgery are the consequence of its increased release from ne-
utrophils and monocyte cells, leading to an increased
breakdown of stromal and basal membrane components, fa-
cilitating the infiltration of these cells in the area of the
wound. The shortcomings of the study were heterogeneous
groups of patients and the lack of data about the type of pos-
toperative complications.

In our patients, MMP-9 values were determined using
the ELISA method in the samples of drainage fluid taken on
PODs 1, 3, 5, and 7. In contrast to Pasternak et al. =, we did
not find any statistically significant difference between the
average, mean values of MMP-9 levels in the group of pati-
ents without surgical complications and those with AL for
the studied days. A declining tendency in the average MMP-
9 levels was observed in both groups of our patients, which
was in agreement with the results of Baker et al. **. A possib-
le explanation of the differences in the results in our study
compared to the cited papers could be possibly found in the

manner and time of analysis. MMP-9 tests used by us were
adjusted by the manufacturer to test a larger number of sam-
ples, so that analysis was not done immediately; the collected
samples were stored at -70°C until the sufficient number of
samples was collected. Such a procedure of keeping the
samples for a period of time could have an impact on the
composition and relationships of various biological materials
in a complex mixture such as drainage fluid.

Conclusion

Serial measurement of C-reactive protein in serum in
the immediate postoperative course makes possible an early
detection of patients with surgical site infectious and anas-
tomotic leakage and those with normal postoperative course.
Patients with C-reactive protein values above 139 mg/L on
postoperative day 5 can not be discharged from the hospital
and require an intensive search for infectious complications,
particularly anastomotic leakage. Early detection of this,
potentially most dangerous complication, in the absence of
clear clinical manifestations, would make possible an early
introduction of appropriate therapeutic measures intended to
alleviate or eliminate adverse effects. Patients without
complications can be early released from the hospital afer a
shortened length of hospital stay and with lower costs of
treatment. Matrix metalloproteinase-9 measurement in drai-
nage fluid is not relevant in the detection of anastomotic lea-
kage in patients with colorectal resection.
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Artificial saliva effect on toxic substances release from acrylic resins

Uticaj vestacke pljuvacke na oslobadanje toksi¢nih supstanci iz akrilata za bazu
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Abstract

Background/Aim. Acrylic-based resins are intensively used
in dentistry practice as restorative or denture-base materials.
The purpose of this study was to analyze the surface structure
of denture base resins and the amount of released potentially
toxic substances (PTS) immediately upon polymerization and
incubation in different types of artificial saliva. Methods.
Storage of acrylic samples in two models of artificial saliva
were performed in a water bath at the temperature of
37 £ 1°C. Analysis of the surface structure of samples was
cartied out using scanning electronic microscopy analysis
immediately after polymerization and after the 30-day incuba-
tion. The amounts of PTS per day, week and month extracts
were measured using high-pressure liquid chromatography.
Results. Surface design and amount of PTS in acrylic mateti-
als were different and depended on the types and duration of
polymerization. The surfaces of tested acrylates became flat-
ter after immersing in solutions of artificial saliva. The degree
of acrylic materials release was not dependent on the applied
model of artificial saliva. Conclusion. In order to improve
biological features of acrylic resin materials, it was recom-
mended that dentures lined with soft or hard cold-
polymerized acrylates should be kept at least 1 to 7 days in
water before being given to a patient. So, as to reach high de-
gree of biocompatibility preparation of prosthetic restorations
from heat-polymerized acrylate was unnecessary.

Key words:
acrylic resins; saliva, artificial; hazardous substances.

Apstrakt

Uvod/Cilj. Akrilati se u stomatologiji cesto koriste kao restau-
rativni materijali ili matetijali za izradu baza zubnih proteza. Cil]
istrazivanja bio je analiza koli¢ine oslobodenih potencijalno to-
ksi¢nih supstanci (PTS) iz akrilatnih materijala neposredno na-
kon njihove polimerizacije i inkubacije u razli¢itim tipovima ve-
Stacke pljuvacke. Metode. Uzorci akrilatnih materijala potapani
su u dva modela vestacke pljuvacke u vodenom kupatilu tem-
peratute 37 £ 1°C. Analiza povrsinske strukture uzoraka vrsena
je skenirajuéom elektronskom mikroskopijom odmah nakon
polimerizacije i posle tridesetodnevne inkubacije. Koli¢ina PTS
u jednodnevnim, jednonedeljnim i jednomesec¢nim ekstraktima
merena je te¢nom hromatografijom pod visokim pritiskom.
Rezultati. Povrsinski dizajn i koli¢ina PTS bili su razli¢iti kod
razli¢itih akrilatnih materijala i zavisili su od vrste i trajanja po-
limerizacionog postupka. Nakon potapanja u rastvore vestacke
pljuvacke povrsine testiranih akrilata postale su ravnije. Oslo-
badanje PTS nije zavisilo od primenjenog modela vestacke
pljuvacke. Zakljucak. U cilju poboljsanja bioloskih svojstava
akrilatnih materijala, preporucuje se da zubne proteze podloze-
ne mekim ili ¢vrstim hladno polimerizovanim akrilatima budu
potopljene u vodi 1 do 7 dana pre predaje pacijentu. S obzirom
na visok nivo biokompatibilnosti, naknadna obrada proteza od
toplo polimerizovanog akrilata nije potrebna.

Kljucne reci:
akrilati; pljuvacka, veStacka; toksi¢ne supstance.

Introduction

Acrylic-based resins are intensively used in dentistry

. . . 1
practice as restorative or denture-base materials . These

acrylates are made by polymerization of acrylate related mo-
nomers and can be classified depending on the factor that ini-
tiates the polymerization reaction (as cold, heat or light
polymerization) >. These materials are considered as biologi-
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cally acceptable, which verifies their wide-spread use in medici-
ne and dentistry. However, a great deal of the available reports
referring to adverse effect of particular components of acrylic
prosthetic materials on human organism both at local (immuno-
logical and inflammatory reactions of oral tissues) and systemic
level (changes on respiratory and gastrointestinal tract) > *. Parti-
cular components of acrylic materials could diffuse in saliva
from prosthetic restorations, and cause the damage of oral tissu-
es > °. The potential cytotoxicity is influenced by residual mo-
nomers as well as other additives such as initiators and stabili-
zers, mixing liquids, bonded materials, benzoyl peroxide,
tertiary amine etc. ”*. The conversion of monomer into polymer
is not complete during the polymerization process, and varying
amounts of potentially toxic substances (PTS) remain in the
polymerized resin. The values of residual monomers remaining
in resins is determined by standards °, considered only as the
amount of monomers in the resin but not taking into account
their elution characteristics. Many reports of allergic reactions
which were associated with acrylic based resins have been attri-
buted to monomer and additives as benzoyl peroxide '*'".

Undesirable reaction of oral tissue may occur as the re-
sult of toxicity of applied material as well as superficial ac-
cumulation of infectious content '*. In order to be biocompa-
tible, dental restorative material should have such surface de-
sign to react with tissue and surrounding agents at the least
possible degree *. Rough surface of various acrylic materials
represents a predilection site for accumulation of plaque, pi-
gments and residual oral tissue '* . Analysis of the
possibility of preparation of acrylic material surface in order
to reduce fungal adhesion and microbial plaque in general
represents a very significant contribution to the improvement
of their biocompatibility '* 7.

The purpose of the study was to analyze the amount of
released PTS and the surface structure of acrylic denture ba-
se resins immediately upon polymerization and incubation in
two different types of artificial saliva.

Methods

Examined material

To prepare samples two hard and three soft acrylic dentu-
re base resins used in prosthetic dentistry for construction and
relining of removable dentures were used. The manufacturers
and types of cold- and heat-polymerized acrylates used in the
study were summarized in Table 1.

The examined material was polymerized according to the
manufacturer’s instructions. To analyze the influence of artifici-
al saliva on the surface design samples of each acrylic material
were prepared in parallelepiped shape, 1 X 2 X 3 mm. In order to
determine the dynamics of release of PTS, samples of each test
material were made as parallelepiped 10 x 10 x 1 mm (per 5
samples in each of the test groups). Preparation of cold-
polymerized acrylates was performed at room temperature (18—
20°C) for 10-15 minutes without pressure using a condensation
silicone mould. Heat polymerization was performed in a water
bath (GFS, Germany) within specialized metal flasks for 45 min
in boiling water. They were kept in a sterile Petri dish at room
temperature, without standard procedure polishing.

Model 1 of artificial saliva was designed according to
Preetha and Banarjee '* (Table 2). Model 2 of artificial saliva
represented a modification of model 1 in which 0.20 g a
amylase/L deionized water was added.

Table 1
The manufacturers and the used acrylic types of materials
. . Content
Tested material Manufacturer Acrylic type —
powder liquid
. Ethyl alcohol,
Bosworth Trusoft HG Bosworth Company USA  Soft cold polymerized acrylate Poly (ethyl methacrylate) butyl benzyl phthalate

Lang Flexacryl
Lang Immediate

Lang Dental MFG.Co. USA
Lang Dental MFG.Co. USA

Soft cold polymerized acrylate Poly (ethyl methacrylate) N-buthyl methacrylate
Soft cold polymerized acrylate Poly (ethyl methacrylate) Methyl methacrylate

Methyl methacrylate,
Triplex Cold Ivoclar Vivadent, Lichtenstein ~ Hard cold polymerized acrylate Poly(methyl methacrylate) Ethylene glycol

dimethacrylate

Methyl methacrylate,
Triplex Hot Ivoclar Vivadent, Lichtenstein ~ Heat polymerized acrylate Poly(methyl methacrylate) Ethylene glycol

dimethacrylate

Table 2

Components of the Model 1 artificial saliva 18

Components G components / 1 deionised water
Xantan gum 0.18
Potassium chloride 1.20
Sodium chloride 0.85
Magnesium chloride 0.05
Calcium chloride 0.13
Di-potassium hydrogen orthophosphate 0.13
Methyl p-hydroxybenzoate 0.35
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Incubation of acrylic samples in artificial saliva was per-
formed in a water bath in closed plastic tubes at human body
temperature (t =37 £ 1°C). The ratio of material and artificial
saliva was 0.1 g of tested material/l mL of extraction solution,
according to ISO 10993-5: 1992 standard .

Scanning electronic microscopy analysis (SEM)

To analyze the influence of artificial saliva on the sample
SEM was used. Analysis was used for comparison of surface
structure of acrylic materials samples immediately after
polymerization cycle (marked as control samples) and after
thirty days of immersing in artificial saliva (models 1 and 2),
whereby all changes relating to surface appearance,
homogeneity and adherence were recorded. The samples were
dried and coated with gold layer in ion spray by spattering and
analyzed under microscope JSM-5300, JOEL, Japan.

Determination of the amount of PTS

Determination of the presence and amount of PTS was
performed in solutions of two different models of artificial
saliva after removal of acrylic samples. In order to establish
the dynamics of PTS release from the examined samples,
extraction periods of one, seven and thirty days were adop-
ted. Quantity of released materials was analyzed by using
high-pressure liquid chromatography (HPLC), Agilent 1100
Series (USA), with DAD 1200 detector and analytical co-
lumn SUPELCO Discovery HS C18 250 x 4.6 mm, 5 um, Sig-
ma-Aldrich, USA. Methanol [M = 32.04 g/moL, Chromasolv

HPLC chromatography grade (purity 99.9%) Sigma-Aldrich
GmBH, Steinheim, Germany] was used as an eluent. The
mobile phase flow was 1 cm’/min, and sample injection vo-
lume was 20 pL. Since all tested compounds have maximal
absorbance around 205 nm, this wave length was selected for
calibration curve construction and further sample testing. De-
termined PTS and reagents used for calibration curves were
presented in Table 3.

Calibration curves were made from a solution series of
each examined substance in methanol. The initial concentration
of tested compound was 1 mg/cm3, from which, afterwards, a
solution series of lower concentrations diluted by methanol were
made. From the obtained chromatograms retention time of each
compound (R,) and peak surface area (A) were read. Table 4
shows the R; values, A, concentration range (C) at which peak
surface dependence is linear and linear correlation coefficient (R).

Two-way ANOVA for repeated measures was used for
statistical analysis of differences in the amounts of PTS in rela-
tion to the type of materials and artificial saliva. Data were
analyzed in SPSS software, version 16.0.

Results

Figure 1 shows the results of SEM analysis of all the
analyzed acrylic materials immediately after the
polymerization cycle and 30 days after incubation in two dif-
ferent models of artificial saliva.

Surfaces of samples of soft cold polymerized acrylates
analyzed immediately after polymerization showed a granu-
lar structure and unequal granular size (10100 pm) that

Table 3

Potentially toxic substances (PTS) pressure determined in acrylic samples and reagents used for high-pressure
liquid chromatography (HPLC) calibration curves

PTS Used agents Manufacturer

MMA CH, = C(CH3)COOCH;, M =100.12 g/moL, 98,5% Aldrich, Milwaukee, Wisconsin, USA.
BuMA CH, = C(CH;)COOC4Hy, M = 142.20 g/moL, 99% Sigma-Aldrich GmbH, Steinheim, Germany.
EGDM CH, = C(CH;)COO(CH,) ,0COC(CH;) = CH,, M = 198.22 g/moL, 98% Fluka Chemie GmbH, Steinheim, Germany.
EMA CH, = C(CH3)COOC,Hs, M = 114.14 g/moL, 99% Aldrich, Milwaukee, Wisconsin, USA.

BP (C6H5CO0) ,0,, M =242.23 g/moL, 99% Fluka Chemie GmbH, Steinheim, Germany.
dBuFt C6H4-1,2-[CO, (CH,) 3CH3],, M =278.34 g/moL, 99% Aldrich, Milwaukee, Wisconsin, USA.

MMA - methyl methacrylate (monomer); BuMA — buthyl methacrylate (monomer); EGDM - ethylene glycol
dimethacrylate (comonomer-cross-linker); EMA — ethyl methacrylate (monomer); BP — benzoyl peroxide (initiator);

dBuFt — dibuthyl phthalate (plasticiser).

Table 4

Values of R, A,y concentration range for which linear dependence of peak surface exists and concentration and
R for compounds determined by high pressure liquid chromotogrophy (HPLC) method

Linear correlation for compounds C,

PTS Rt (min) Amax (nm) (mg/cm®) R

MMA 2.637 207 0t00.14 0.988
BuMA 2.946 208 0t00.10 0.999
EGDM 3.049 208 0t00.10 0.995
EMA 2.289 207 0to0.14 0.991
BP 3.332 204 and 236 0to0.12 0.998
dBuFt 3.514 205 and 225 010 0.10 0.996

PTS - potential toxic substances; Rt — retention time of each compound; R — linear correlation
coefficient; MMA — methyl methacrylate (monomer); BuMA — buthyl methacrylate (monomer);
EGDM - ethylene glycol dimethacrylate (comonomer-cross-linker); EMA — ethyl methacrylate
(monomer); BP — benzoyl peroxide (initiator); dBuFt — dibuthyl phthalate (plasticiser).
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were noticeable on the material surface (Figures la, 1b, Ic
and 1d). In contrast to all the other material, heat
polymerized acrylic material Triplex Hot, immediately after
polymerization, had no granular structure at all (Figure 1e).
During the immersion period in solution of both artifi-
cial saliva models, soft cold acrylic materials accumulate
salivary components on their surface. After the 30-day im-
mersion in artificial saliva without o amylase, the surface of
soft cold-polymerized acrylates became flatter and the appe-
arance of the samples surface remained almost the same after
immersion in artificial saliva with enzyme addition (Figures
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2a, b, ¢ and d). After immersion of heat polymerized acrylic
material in both models of artificial saliva, the surface of this
sample was completely flat. The most homogenous surface
structure was noticed at heat-polymerized acrylates as com-
pared to all the tested materials (Figure 2e¢).

The results show that the amount of PTS, regardless of
the type of acrylic materials, is mostly released on the first
day and continues to decrease during the observation period
(Figure 1). However, data clearly suggest that the amount of
released PTS is significantly higher immediately after po-
lymerization, compared to the day 7 and 30 after polymerization
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Fig. 1 — Scanning electronic microscopy (SEM) analysis of acrylic materials samples immediately after polymerization
cycle (0) and after a thirty-day immersion in two different models of artificial saliva: model 1 (1) and model 2 (2) for
different acrylic resins: a) Bosworth Trusoft; b) Lang Flexacryl; ¢) Lang Immediate; d) Triplex Cold, and e) Triplex Hot.
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Fig. 2 — Concentrations (mean + SD, ug/cm3) of potentially toxic substances given in Table 3 from different acrylic
resins: a) Bosworth Trusoft; b) Lang Flexacryl; ¢) Lang Immediate; d) Triplex Cold; e) Triplex hot at time periods
of 1, 7 and 30 days after immersion in two different models of artificial saliva.

*p < 0.001 — means significant differences detected between the day 1 and the day 7 after immersion in model 1 of artificial saliva
without a amylase; #p < 0.001 — means significant differences detected between the day 1 and the day 30 after immersion in model 1 of
artificial saliva without a amylase; **p < 0.001 — means significant differences detected between the day 1 and the day 7 after immersion
in model 2 artificial saliva with a amylase; ##p < 0.001 — means significant differences detected between the day 1 and the day 30 after
immersion in model 2 artificial saliva with a amylase.

(p <0.001). Moreover, when the release of PTS in the model of
artificial saliva with the addition of o amylase is tested, it is no-
ticed that there is a tendency of PTS to increase but without
making statistically significant differences compared to the
model of saliva without this enzyme.

Discussion

It has been assumed that the difference in the amount of
PTS and adherence degree depend on the type of material and
polymerization conditions, as well as that biocompatibility of
acrylic  dentures may be increased by adequate
postpolymerization treatment ***.

Analysis of the possibility of preparation of acrylic materi-
al surface in order to reduce fungal adhesion and microbial
plaque in general represents a very significant contribution to the
improvement of their biocompatibility. Acrylic restorations in

the mouth are coated with salivary pellicle, the layer that is for-
med by an interaction of material and ingredients of saliva. Pre-
cipitation of mucin and proteins of saliva plays the most pivotal
role in its formation ' . Salivary pellicle is removed by
hygiene procedures, as well as mechanical cleaning of the surfa-
ces, but in contact with saliva (in the mouth), pellicle is produ-
ced again at removable denture. The presence of saliva and
salivary pellicle formation in a clinical setting may influence
PTS release from acrylic materials . Due to the fact that the
quality and composition of natural saliva is different in each in-
dividual, its chemical composition is impossible to be reprodu-
ced originally. Advantages of artificial saliva use under in vitro
conditions include standardization of experiment conditions and
prevention of sample contamination.

Adverse effect of residual monomer has been well esta-
2 1t was experimentally esta-
blished that cold-polymerized acrylates, due to their incom-

blished in numerous studies
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plete polymerization, had higher amount of residual mono-
mers, and subsequently, higher release in the oral cavity *

Higher level of heat-polymerized acrylates‘ biocompatibility
could be explained by their more complete polymerization
and more compact internal structure after polymerization
cycle. In fact, heat-polymerized acrylates are prepared at the
temperature of boiling water that is close to the point of acrylic
glass transition temperature, so, the mobility and conversion of
monomer units in polymer structure are significantly higher as
confirmed by the previous researches ** *’. The obtained re-
sults are in accordance with those of Baker et al. * who
examined the release of methyl methacrylate from heat and
cold-polymerized acrylates in the patient’s oral cavity.

Two models of artificial saliva were prepared in order to
evaluate the influence of artificial saliva composition on relea-
sed of PTS from denture materials and surface design. The
first model was without and the other one was with o amylase,
which is one of the components of human saliva for digestion
of food in mouth. The utilized models of artificial saliva
showed values of viscosity and surface tension similar to those
of natural saliva . However, none of the used models had ac-
tive phospholipids and mucin as the most active surface prote-
ins of natural saliva. Adding of a amylase to model of artificial
saliva could have compromised the obtained results due to mo-
re intensive coating of materials with salivary pellicle in relati-

on to conditions existing in the oral cavity ». There was no si-
gnificant difference in the amount of toxic substances released
from all the examined materials over the time in relation to the
type of saliva, which indicates minimal effect of o amylase on
reduction of acrylic adherence.

Conclusion

The surfaces of the tested acrylates became flat after
immersing in both models of artificial saliva. This research
proves that the amount of potentially toxic substances from
the samples of acrylic material used for making dentures
grows over the time and does not depend on the type of
used saliva. Slightest changes in the structure show the
sample of heat-polymerized acrylates. In order to improve
biological features of acrylic resin materials, the authors
suggest that dentures lined with soft or hard cold-
polymerized acrylates should be kept at least 1 to 7 days in
water before being given to a patient.
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The expression and localization of estrogen receptor beta in
hyperplastic and neoplastic prostate lesions

Ekspresija 1 lokalizacija estrogenog receptora beta kod hiperplasti¢nih 1

neoplasti¢nih lezija prostate
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Abstract

Background/Aim. Benign acini in benign prostatic hypet-
plasia (BPH) are lined with pseudostratified cylindrical epithe-
lium with a continuous basal cell layer. Adenocarcinoma of
the prostate is the most common cancer in men. High gra-
dus-prostatic intraepithelial neoplasia (HGPIN) lesions pre-
cede invasive cancer. Prostate adenocarcinoma (PCa) implies
a complete absence of basal cells and stromal invasion by ma-
lignant acini. Estrogen receptor (ER) is located in nuclei of
acinar basal and secretory cells and partially in stromal cells.
The aim of this research was to demonstrate and localize ER
in BPH and in PCa of different Gleason scores. Considering
literature data for ER-beta, expression in different morphol-
ogic prostate lesions, it is assumed that there is expression of
ER-beta in most moderately differentiated PCa, and that the
observed receptor expression is lost with increasing of the
Gleason score. Methods. Four groups of patients were
formed: the control with BPH and three experimental groups
with PCa of different grades and scores, according to the
Gleason grading system. The patients were male of various
ages suspected of PCa, based on clinical and laboratory pa-

Apstrakt

Uvod/Cilj. Benigni acinusi kod benigne hipetplazije prosta-
te (BHP) oblozeni su pseudostratifikovanim_cilindri¢nim
epltelom sa kontinuiranim slojem bazalnih éelija. Adenokat-
cinom prostate najcesci je karcinom kod muskaraca. Intra-
epitelne prostaticne neoplazme visokog gradusa (HGPIN)
su lezije koje prethode nastanku invazivnog karcinoma (Pca)
i podrazumevaju kompletno odsustvo bazalnih Celija i in-
vaziju strome malignim acinusima. Estrogeni receptor (ER)
beta nalazi se u jedrima bazalnih i sekretornih éelija acinusa i
delimi¢no u stromalnim ¢elijama. Cilj ovog istrazivanja bio

rameters. The study was conducted in a period 2010-2012.
None of the patients received prior hormonal therapy. Sextant
byopsies with BPH and PCa were treated for ER-beta (Novo-
castra). Localization and intensity of ER-beta exptession is re-
ported through the score: 0 = zero; 1 = < 1%; 2 = 1-10%; 3 =
11-33%; 4 = 34-66%; 5 — > 66%. Positive fibroblasts and en-
dothelial cells are used for comparison. Results. ER-beta

. expression in acinar epithelial cells was the weakest in well-

differentiated adenocarcinoma. A decline of ER-beta expres-
sion was noticed in malignant lesions of the prostate »s benign
ones. Less differentiated adenocarcinomas showed a decrease
of ER-beta expression in basal and in the secretory cells. ER-
beta expression in basal cells was stronger than in secretory
ones in BPH and well-differentiated adenocarcinoma. Con-
clusion. ER-beta expression was most pronounced in BHP
samples and declined in malignant prostatic lesions. This
finding supports statement on antiproliferative role of ER-
beta in prostatic tissue.

Key words:
prostatic neoplasms; adenocarcinoma; estrogen receptor
beta.

je da se prikaze i lokalizuje ER beta u BHP, kao i u PCa sa
razlicitim Gleason skorom. S obzirom na podatke iz litera-
ture o ekspresiji ER beta u razli¢itim morfoloskim lezijama
prostate, pretpostavlja se da je ekspresija ER beta prisutna u
vedini srednje diferentovanih PCa, i da se ekspresija posma-
tranog receptora gubi sa povecanjem Gleason scora. Me-
tode. Ispitivane su Cetiri grupe bolesnika: kontrolna grupa
sa BHP i tri eksperimentalne grupe sa PCa razlicitih gradusa
i skorova prema Gleason-ovom sistemu. Bolesnici su bili
muskarci razli¢ite starosti sa sumnjom na PCa, na osnovu
klinickih i laboratorijskih parametara. Studija je sprovedena
u periodu 2010-2012. Nijedan od bolesnika nije prethodno
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primio hormonsku terapiju. Sekstant biopsije sa nalazom
BHP i PCa bojene su na ER beta (Novocastra). Lokalizacija
i intenzitet ER beta, ekspresije prikazani su kroz skor: 0 =
nula; 1 = < 1%; 2 = 1-10%; 3 = 11-33%; 4 = 34-66%; 5 =
> 66%. Pozitivni fibroblasti i endotelne Celije koriséene su
za poredenje. Rezultati. Ekspresija ER beta u epitelnim ce-
lijama acinusa bila je najslabija u dobro diferentovanim ade-
nokarcinomima. Smanjena ekspresije ER beta primecena je
kod malignih lezija prostate naspram benignih lezija. Lose
diferentovani adenokarcinomi prikazali su smanjenje ek-
spresije ER beta u bazalnim i sekretornim celijama. Kod

BHP i dobro diferentovanih adeniokarcinomima bila je vecéa
ckspresija ER beta u bazalnim Celijama nego u sekretornim.
Zakljucak. Ekspresija Er-beta receptora B najizrazenija je u
uzorcima tkiva prostate bolesnika sa BHP i smanjuje se kod
adenokarcinoma prostate. Ovaj nalaz podupire stanoviste o
antiproliferativnoj ulozi ER-beta u tkivu prostate.

Kljucne redi:
prostata, neoplazme; adenokarcinom; receptor,
estrogenski, beta.

Introduction
Benign prostatic hyperplasia (BPH)

Histologically, BPH shows proliferation of epithelial
cells of acini and ducts, proliferation of smooth muscle cells
and stromal fibroblasts in varying proportions '. Hyperplastic
acini are lined with pseudostratified cylindrical epithelium
with characteristic papillary hyperplasia . Benign glands are
surrounded by a continuous layer of basal cells positive for
34 beta E12. In chronic prostatitis, this layer may be discon-
tinuous, and basal cells are progressively lost in prostatic in-
traepithelial neoplasia (PIN), as dysplasia becomes higher.
Periuretheral glandular tissue is responsible for the develop-
ment of BPH ' and the true prostate tissue is the origin of
prostate adenocarcinoma (PCa). Occult adenocarcinoma is
found in 10% of surgical specimens with preoperative diag-
nosis of BPH.

It is possible that BPH is associated with a disturbed ba-
lance of androgen and estrogen in blood '. Generally accepted
theory of the pathogenesis of BPH is associated with the effect
of 5 alfa-dihydrotestosterone (DHT), androgen that controls
normal prostate growth and proliferative disorders such as
hyperplasia and Pca . DHT is synthesized in stromal cells by
the conversion of circulating testosterone in the presence of 5 al-
fa-reductase. Once synthesized, DHT acts as autocrine agent on
stromal cells as a paracrine hormone on the glandular epitheli-
um, leading to its proliferation. In patients with BPH, relations-
hip of circulating testosterone and DHT may be abnormally low.
Reduced catabolism of DHT results in imbalance between lo-
sing and multiplication of epithelial and stromal cells '.

Prostate adenocarcinoma

The pathogenesis of PCa referred to genetic and envi-
ronmental factors . The cause of PCa is still unknown, but
endocrine effects are the center of researches. The chemical
and physical trauma results in the damage of epithelial cells.
Oxidative stress has the underlying causes: endogenous me-
tabolites, inflammation, red meat and animal fat intake and
circulating growth factors *°. Chronic inflammation caused
by infectious agents of sexually transmitted diseases (STD)
or environmental factors (nutrition) in 20% of all cases are
the cause of PCa °. Most inflammatory lesions of the prostate
are associated with focal atrophy of the epithelium **,

PIN represents the ducts lined with cytologically
atypical luminal cells, and reduced in the number of the basal
ones. High gradus-prostatic intraepithelial neoplasia
(HGPIN) lesions precede invasive cancer >, Histological
definition of PCa is a complete absence of basal cells and lo-
cal stromal invasion by malignant acini *.

Estrogen receptors (ER): biological and tumorigenic role

In men, androgens are generally responsible for prolife-
ration, whereas estrogens have a dual action, both directly
and indirectly they affect the proliferation and differentiation
of epithelial cells. Estrogens indirectly suppress the release
of pituitary luteinizing hormone (LH), decrease testicular an-
drogen synthesis, also decrease systemic androgens and in-
duce apoptosis in prostate epithelium and atrophy "', At the
same time, a local-direct effect of estrogen through ER-alpha
in the prostate stroma, stimulates aberrant epithelial differen-
tiation and proliferation of basal layer, developing squamous
metaplasia ”®. This proliferation is opposite to proliferation
under the androgen influence and can progress to inflamma-
tion and cancer ”*'. Because of the stromal localization of
ER-alpha, the estrogen effect on the epithelium is mediated
by paracrine mechanisms 10716 Because of the ER-alpha lo-
calization in the prostatic epithelium, direct effect of estro-
gen is possible on the epithelial cells '* """,

ER-alpha is required for differentiation and proliferati-
on of epithelial cells, whereas ER-beta has an antiproliferati-
ve role "* """ The effect of estrogen through ER-alpha le-
ads to hyperplasia, dysplasia and neoplasia. Antiproliferative
activity of estrogen can be explained by activation of epithe-
lial ER-beta over ER-alpha. The loss of the local estrogen ef-
fect results in the reduced activation of ER-beta and
consequently the increased proliferation and developing
glandular hyperplasia .

The action of reductase on the testosterone metabolism
results in formation of androgens (DHT) and with aromatase
results in formation of estrogens. Androgen metabolites such
as 5 alpha-androstane-3 beta, 17 beta-diol (3beta adiol) can
act as ligands for ER-beta, but less effective than estrogen
(E2) " ' Aromatase is present in the stroma, and ER in the
prostatic epithelium. It is assumed that the effect of estrogen
through ER-beta involves stromal-epithelial signaling impul-
ses. Androgen acts via stromal receptors in induction of epit-
helial differentiation and proliferation. Lowering androgen
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level would reduce proliferation and induce apoptosis of
epithelial cells

The amount of 3beta-Adiol in the prostate is 100 times
higher than the amount of E2 . As the ER affinity for 3beta-
Adiol is 10 times lesser than for E2, its concentration in the
prostate makes 3beta-Adiol endogenous ligand for ER.
3beta-Adiol binds to ER-alpha and with even greater affinity
for ER-beta, but does not bind to androgen receptors (AR) 2.
DHT is biosynthetic precursor of 3beta-Adiol with antiproli-
ferative role. Thus, the ER-beta is physiological regulator of
epithelial growth and differentiation in the prostate > ' """,
Specific effects of estrogen in the tissue depends on the
amount of estrogen and ER.

Kuiper et al. '* found that ER-beta, shows the highest
affinity for 17 beta-estradiol (E2) > diethylstilbestrol (DES)
> estriol (E3) > estrone (E1) > Salpha-Androstane-3beta, 17

Promaotes:

~Aberrant
proliferation

=[nflammation

-Cancer

of the prostatic epithelium '*'®. As proliferation and diffe-

rentiation opposite one another, cellular homeostasis and the
overall proliferative response is the result of dynamic balan-
ce of ER-alpha and ER-beta >®.

Adverse effects mediated through ER-alpha include un-
planned proliferation, inflammation and malignancy. The
beneficial effects in prevention of hyperplasia, inflammation
and carcinogenesis are played through ER-beta ® (Figure 1).

ER-beta in prostate pathology

Marked expression of ER-beta is registered in basal
cells of NP > % "' this subpopulation have different biologi-
cal characteristics from secretory epithelial cells, especially
in their ability to proliferate > '"", synthesize steroids and
have the crucial role in prostate carcinogenesis. Weaker

Prevents:
-Hypertrophy
~Hyperplasia
=Inflammation ¥

=Cancer 7

Fig. 1 — Local estrogen signalig mechanisms in the prostate *,

Testosterone is metabolized to estrogen by aromatase and acts via estrogen receptor (ER) alpha or ER-beta. Adverse ef-
fects via ER-alpha in stroma and epithelia include aberrant proliferation, inflammation and cancer. In contrast, estrogen
also exerts beneficial effects via ER-beta in epithelia in preventing hyperplasia and hypertrophy, being antiproliferative
and anticarcinogenic.

17 beta-diol (3beta-Adiol) >> testosterone = progesterone =
corticosterone. In the absence of other ligands, E2 binds to
ER-beta in 100%.

Low levels of circulating estrogens are present throug-
hout life. With againg, circulating estrogen rises due to inc-
rease in body fat, which is a peripheral source of estrogen. In
addition, the decline of bioavailable testosterone leads to an
increase of effector cell (E) target cell (T) ratio and disrup-
ting the balance in favor of estrogen, which can cause reacti-
ve growth and consequent neoplastic transformation ”'% 6.
The rise of estrogen increases the sensitivity of the prostate
to androgens, by increasing the number of AR.

The paradox is that estrogen alone or in combination
with androgens induce BPH, dysplasia and PCa .

Functional antagonism of ER-beta is reflected in the di-
rect repression of some ER alpha conditional effects, inclu-
ding reduction of fat cell and proliferation in the prostate.
ER-beta acts as a major regulator of the estrogen effects, its
coexpression with ER-alpha leads to the reduced transcripti-
on caused by ER-alpha *">"". Although E2 acts on both re-
ceptors, ER-alpha stimulates transcription and cell prolifera-
tion, and ER-beta inhibits the activity of ER-alpha and sup-
presses epithelial proliferation and enables the differentiation

expression is found in stromal cells *°. Some authors found
no presence of ER-beta in secretory cells’, but other
did *'*'®. Secretory cells are differentiated cells, androgen-
dependent, but without proliferative capacity *. Secretory
cells that still show positivity for ER-beta or Ki-67 represent
incompletely differentiated intermediate cells with retained
ability to proliferate throughout life.

The controversial results are in the expression of ER-
beta in different morphologic lesions of the prostate. ER-beta
is strongly present in normal prostate (NP), a progressive
loss of expression is registered in hyperplastic epithelium,
and even greater loss in invasive carcinoma>'®"">!.
Pasquali et al. '' show that the loss of ER-beta in conjunction
with unknown molecular events may accelerate cell prolife-
ration and possible carcinogenesis. It was interesting that in a
few cases there was no change, or was an increase of ER-
beta expression in tumors, compared to NP.

Some of them found ER-beta expression in low-grade
prostatic intraepithelial neoplasia (LGPIN), possible as a res-
ponse to proliferative stimuli in the early stages of dysplasia,
and lacking of expression in HGPIN, which may contribute
to the initial phase of carcinogenesis *'*. The presence of
ER-beta in secretory cells in LGPIN may represent a transi-
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ent unsuccessful attempt to stop the growth of these cells.
The disappearance of ER-beta positive basal cells in HGPIN
can mean the continuous loss of inhibition for proliferation
in these precursor lesions *'*'”. The mechanism of inactiva-
tion of ER-beta in PCa remains unknown > '*,

Finding all the three receptors (AR, ER-alpha and ER-
beta in stroma indicates that the signal transduction of steroid
hormones is mediated by paracrine mechanisms to epithelial
cells. ER-beta acts as an inhibitor of ER-alpha transcription
and leads to a reduction in overall cellular sensitivity to E2.
ER-beta and ER-alpha present together in the stromal cells
may play a key role in the regulation of paracrine signals to
epithelial cells. Estrogens influence over ER- beta placed in
the basal cells may directly affect their growth. Loss of ER-
beta seen in neoplastic progression may represent receptor
function impairment °.

The following different actions of epithelial ER-beta in the
prostate are so far confirmed: pro-differentory, antiproliferative,
anti-inflammatory and induction of the antioxidative gene.

The major role of ER-beta is the anti-estrogenic growth in-
hibition "* . The result is the arrest in the G2 phase of the cell
cycle. Loss of ER-beta leads to uncontrolled cell proliferation .
The cells with ER-beta expression undergo apoptosis and may
contribute to the reduced proliferation. In cancer cells, ER-beta
promotor is methylated, which explains the loss of ER-beta .
The ER-beta expression in PCa leads to inhibition of cell proli-
feration and invasion, and increased apoptosis. The tissues un-
dergoing dysplastic transformation have decline in ER-beta
expression that indicates about its 'guardian’ role.

Immunohistochemical studies that use only one ER-
beta antibody cannot specify which isoform is expressed.
There are at least four isoforms of ER-beta mixed in the pro-
state (485aa, 495aa, 503A). These isoforms have different
capacities for binding with estrogen and different ef-
fects "> . Their existence significantly complicates the un-
derstanding of the ER-beta role.

Methods

Four groups of patients were formed: the control with
BPH and three experimental groups with PCa of different

grades and scores, according to the Gleason grading system:
group I — 10 prostate samples with signs of BPH; group II —
8 samples with well-differentiated PCa and Gleason score 2—
4; group III — 10 samples with moderately differentiated PCa
and Gleason score 5-7; group IV — 10 samples with poorly
differentiated PCa and Gleason score 8—10.

A total of 39 specimens were sampled by transrectal ul-
trasound-guided biopsy. Bioptic samples were fixed in for-
malin, embedded in paraffin, cutted in 5y slices and stained
with hematoxylin-eosin. We determined histologic grades
and Gleason scores in prostates with PCa, and BPH. Also,
PSA levels were determined in all the patients.

Immunohistochemical staining for ER-beta was done
with lyophilized mouse monoclonal antibody diluted 1 : 50—
1 : 100 Novocastra. Staining was performed according to the
manufacturer’s instructions.

The intensity of ER-beta, expression and localization
was determnined in the control group with BPH, as well as in
experimental groups with different scores of PCa. Counting
was done at 40x and 63x magnification. Epithelial and stro-
mal components were separately numbered. Approximately
100 cells on the average, were counted. Tumor cells with any
nuclear positivity were specifically examined. ER-beta status
was determined on the 2 immuno-slices. The score of six ca-
tegories was applied, the number of positive cells was
expressed in percentage: 0 — zero; 1 — < 1%; 2 — 1-10%; 3 —
11-33%; 4 — 34-66%; 5 — > 66%.

Positive and negative controls were used: external and
internal. Epidermis of skin showed positivity for ER-beta.
The slices incubated with nonimmune mouse serum instead
of primary antibody showed immunoreactivity for ER-beta
and represented negative control. Positivity of acinar epithe-
lial cells was also observed in comparison with positively
stained fibroblasts and endothelial cells. The results were
analyzed in Excel.

Results

The patients were male of various ages (in average (67.34
years) suspected of PCa, based on clinical and laboratory para-
meters, treated in our institution from 2010 to 2012 (Table 1).

Table 1

Pathological changes and patient’s age

Groups of Values Mean values
patients of GS
BHP /
GS 4 7 / / / / 7 / / / 6
age (years) 66 72 65 69 68 68 72 61 70 53
GS 24 / /
GS 4 / 4 4 4 4 4 4 / / 4
age (years) 74 74 74 61 61 61 61 / /
GS 5-7 5
GS 5 63 7 7 6 7 5 5 5 5 59
age (years) 63 72 74 82 69 65 65 63 63
GS 8-10 9
GS 9 77 8 9 9 9 8 9 9 9 8.8
age (years) 62 71 59 73 73 60 65 62 77 77

GS — Gleason score; BHP — benign prostatic hyperplasia.
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None of the patients received prior hormonal therapy.

The mean Gleason score was 6.35. In the experimental
groups it was 6.17 (Tables 1 and 2). The mean PSA value
was 22.39 ng/mL (24.19 ng/mL in the experimental groups)
(Table 3). Out of the total of 39 biopsy samples, multiplied
with 3 different functional sections, there were 117 observed
parameters. The lack of ER-beta expression in any sections
was in 9 cases, accounting for 7.69%. The overall positivity
was 92.3% (Table 4). Pathological changes and biopsy loca-
lization are shown in Table 5.

In the group I (BPH) we found the strongest positivity

in basal cells (mean 3.3), than in secretory cells (mean 3.1),
and in stromal ones (mean 3.0). The overall positivity in the
group I was 90% (Figure 2).

In the experimental groups (PCa) the overall positivity
was 92.8% and in 7.2% was negative.

In the group II the positivity was strongest in the stro-
mal cells (mean 2.37), and similar in basal and secretory
ones (mean 1.87). The overall positivity in the group II was
87.5% (Figure 3).

In the group III the positivity was strongest in basal
cells (mean 3.5), then in stromal cells (mean 3.4) and in

Table 2
Pathological changes and Gleason grades
Group Gleason grades
BHP 2+2 3+4 / / / / 3+4 / / /
GS 24 2+2 2+2 2+2 2+2 2+2 2+2 2+2 2+2 / /
GS 5-7 2+3 3+4 3+4 4+3 3+3 4+3 2+3 3+2 3+2 3+2
GS 8-10 4+5 4+5 4+4 4+5 4+5 4+5 4+4 4+5 4+5 4+5
BHP- benign prostatic hyperplasia; GS — Gleason score.
Table 3
Pathological changes and prostate specific antigen (PSA) levels

Group PSA levels (ng/mL) Mean values
BHP 978 583 11.95 9.20 1020  10.20 5.83 12.55 6.47 6.64 8.86
GS 24 5.76 / 5.76 5.76 7.21 7.21 7.21 7.21 / / 6.58
GS 5-7 791 165 16.5 14.42 15.65 1.8 5.67 5.67 7.91 7.91 9.99
GS 8-10 >100 24 15.2 66.29 66.29 28 19 >100 >100 >100 >56.01

BHP - benign prostatic hyperplasia; GS — Gleason score; Normal: 0—4, category 1; Gray zone: > 4-10, category 2; Ca

suspect: > 10 category, 3.

Table 4
Pathological changes and estrogen receptor (ER) beta expression
Group ER beta expression
BHP
stromal cells 4 4 4 3 4 3 3 2 3 -
basal cells 5 5 5 4 4 3 4 2 1 -
secretory cells 3 5 5 4 4 3 5 1 1 -
GS 24
stromal cells 0 3 4 2 3 2 2 3
basal cells 0 3 2 1 3 2 2 2
secretory cells 0 2 3 1 4 1 2 2
GS 5-7
stromal cells 3 4 3 3 4 4 4 4 2 3
basal cells 3 4 4 4 5 4 3 4 2 2
secretory cells 3 5 3 5 4 3 4 4 1 1
GS 8-10
stromal 1 4 4 4 3 4 4 1 3 4
cells
basal cells 0 4 5 4 5 3 4 1 3 4
secretory cells 0 4 5 4 4 3 4 0 2 3
Marks for ER-beta positive cells: 0 — zero; 1 —<1%; 2 — 1-10%; 3 — 11-33%; 4 — 34—66%; 5 — > 66% cells;
BHP- benign prostatic hyperplasia; GS — Gleason score.
Table 5
Pathological changes and biopsy localization
Group Biopsy localization Mean
BHP a.d. s.l. a.d. s.l. s.d. a.d. b.L. al. a.d. a.d. ad. sl
GS 2-4 b.d. b.l. b.d. a.d. a.d. a.d. s.d b.d. / / bd. ad
GS 5-7 s.l. s.d. b.d. s.b.d. s.d. s.l. b.l al. a.l. al. al. sd
GS 8-10 a.d. b.L s.]. s.d. b.d. a.d. s.d. b.l. d. L. bl. sd

a — apex, s — middle, b — base; d — dexter (right), 1 — left; BHP- benign prostatic hyperplasia; GS — Gleason score.
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Fig. 2 — Immunohistochemical staining for estrogen receptor
(ER) beta in benign prostatic hyperplasia (the control
group) showing positivity in stromal cells (mean 4), basal
cells (mean 5) and in secretory ones (mean 5) (photomicro-
graph, x20) Marks for ER-beta positive cells — 4: 34-66%
positive cells; mark 5: > 66% positive cells.

secretory ones (mean 3.3). The overall positivity in the group
11T was 100% (Figure 4).

In the group IV the positivity was strongest in basal
cells (mean 3.3), then in stromal cells (mean 3.2), and in
secretory ones (mean 2.9). The overall positivity in the group
IV was 90% (Figure 5).

The strongest basal cell positivity was registered in the
group III (mean 3.5), then in the group I and IV (mean 3.3),
and weakest in the group II (mean 1.87). The strongest
secretory cell positivity was registered in the group III (mean
3.3), then in the group I (mean 3.1), in the group IV (mean
2.9), and the weakest in the group II (mean 1.87). The stron-
gest stromal positivity was registered in the group II (mean

: N
Fig. 4 — Immunohistochemical staining for estrogen recep-
tor (ER) beta, in prostate adenocarcinoma (PCa), Gleason
score 5-7, showing ER-beta positivity in stromal cells

(mark 3), basal cells (mark 3), and in secretory ones (mark

3) (photomicrograph x20).
Mark for ER-beta positive cells — 3: 11-33% positive cells.
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Fig. 6 — Immunohistochemical staining for es-trogen recep-
tor (ER) beta, showing ER-beta expression in well-

differentiated adenocarcinoma (photomicrograph x 40).

Fig. 3 — Immunohistochemical staining for estrogen recep-
tor (ER) beta in prostate adenocarcinoma (PCa) Gleason
score 2—4, showing that stromal, basal and secretory cells
were ER-beta negative (photomicrograph x20).

3.4), then in the group IV (mean 3.2), in the group I (mean 3.0)
and weakest in the group II (mean 2.37).

Our data showed that expression of ER-beta in epitheli-
al cells of the prostate acini is the weakest in well-
differentiated adenocarcinomas (Figure 6).

There was a decline of ER-beta expression in malignant
compared to benign prostatic epithelial acini.

Less difernetiated adenocarcinomas showed a decrease
in the expression of ER-beta in basal cells and in secretory
ones (Figure 7).

The expression of ER-beta in basal cells was stronger,
than in secretory ones in BPH (Figure 8) and in moderately
differentiated adenocarcinomas (Figure 9).

Fig. 5 — Immunohistochemical staining for estrogen recep-
tor (ER) beta, in prostate adenocarcinoma (Pca, Gleason
score 8-10) showing ER-beta positivity in stromal cells
(mark 1), basal cells (mark 0) and in secretory ones (score
0) (photomicrograph x20). Marks for ER-beta positive
cells — 0 positive cells: zero mark; 1: < 1% positive cells.

e ooy

Fig. 7 — Immunohistochemical staining for estrogen re-
ceptor (ER) beta, showing ER-beta expression in less-
differentiated adenocarcinoma (photomicrograph x 40).
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Fig. 8 — Immunohistochemical staining for estrogen recep-
tor (ER) beta, showing ER-beta expression in basal cells
was stronger than in secretory ones in benign prostatic hy-
perplasia (BPH) (photomicrograph x40).

Discussion

As noted above ER-beta was registered in the nuclei of
basal cells of prostatic acini *'*** as in stromal cells?'.
Stroma was positive in 20-60% of cases '*. ER-beta was also
located in secretory luminal cells of NP '**'*. ER-beta was
located in the epithelium of NP, BPH and PCa. > '*2*2!,

Using antibodies for long isoform of ER-beta. Leav et
al. ? found the positivity in basal cells, mainly. This is in ap-
parent contradiction with the distribution of ER-beta in the
secretory cells of the prostate gland in rats. Fixemer et al. "
used monoclonal antibodies to distinguish long from short
isoform of ER-beta and identified positive secretory luminal
cells and with lesser intense basal ones .

We also found the strongest positivity in basal cells in
BPH and moderately differented adenocarcinoma.

The secretory luminal cells have high expression of ER-
beta which is lost with transformation into HGPIN >,

A high ER-beta expression was found in 90% cases of
BPH with PSA < 10 ng/ml >*'°.

The presence of ER-beta in secretory cells of well- to
moderately differentiated lesions may represent a transient
abortive attempt to prevent their growth. In contrast, disap-
pearance of ER-beta positive basal cells in HGPIN may in-
volve the continuous loss of growth inhibitory functions me-
diated through ER-beta in these precursor lesions > '*. ER-
beta is very intense in BPH > .

ER-beta localization in secretory luminal cells showed
that the differentiated section is the main target of estrogen
action in human prostate. Partial loss of ER-beta in HGPIN
supports the concept that ER-beta has hemopreventive ef-
fects on prostate epithelium > .

We also found a strong ER-beta expression in BPH.

We noticed the weakest ER-beta  expression in well-
differentiated PCa.

ER-beta have an important role in proliferation and dif-
ferentiation of prostatic epithelium '**' and can affect the
initial phase of carcinogenesis in the prostate and in andro-

Fig. 9 — Immunohistochemical staining for estrogen re-
ceptor (ER) beta, showing ER-beta expression in benign
prostatic hyperplasia (BPH), with ER-beta positivity in
the stromal cells (mark 3), basal cells (mark 4) and in sec-
retory ones (mark 4) (photomicrograph x40).

Marks for ER-beta positive cells — 3: 11-33% positive
cells; mark 4: 34-66% positive cells.

gen independent tumors . Localization of ER-beta in basal
cells is related to the role in epithelial proliferation and
renewal processes '*. Estrogen stimulation of cell proliferati-
on leads to the development of cancer "°. Antiproliferative,
anti-invasive and proapoptotic role of ER-beta is associated
with the tumor suppressor function '’. ER-alpha has the pro-
liferative role restricted with the influence of ER-beta .
Horvath et al. '* observed ER-beta in NP and registered
positivity in more than 95% of epithelial nuclei and in 35%
of stromal cells. In BPH near carcinoma ER-beta positivity
fall to 24%, and to 11% in PCa. Progressive loss of ER-beta

. . . . . 14
. expression is registered in BPH, and even greater in Pca .

We found a progressive lost of ER-beta expression in
malignant compared to benign prostate epithelium and a dec-
rease of expression in less differented PCa. This findings are
consistent with most of the actual works.

In BHP Horvath et al." found stronger ER-beta
expression in epithelial cells than in the stroma.

ER-beta  expression was present in stromal and
mesenchymal cells in the BPH group (adipocytes, endotheli-
al cells, smooth muscle cells of blood vessels). Secretory lu-
minal cells were more positive than the basal ones .

In BHP we found the overall positivity of 90%. Stron-
ger positivity was in basal than in secretory cells and the le-
ast in stroma.

PCa expressed ER-beta in 87% of the cases, as in benign
epithelium. In 13% of the cases there was a decreased ER-beta

. expression. There was no correlation between the degree of

expression, grade or stage of the disease .

In the groups with PCa we found the positivity of 92.8%.

It seems that there is no explanation for the discrepancy
between the published results. The lack of specificity of the
antibody, or the difference in the primary antibody, or anti-
gen retrival and inadequate tissue processing, or the presence
of unknown ER isoforms may affect the results of immuno-
histochemical staining.

Metastases to lymph nodes and bones expressed ER-
beta in 100% of the cases '°. While the loss of ER-beta may
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contribute to the progression of organ localized disease, the
appearance of ER-beta re-expression in metastases suggests
a possible role in androgen-independent progression '°.

Untreated primary and metastatic tumors
expression of ER-beta. These tumors use estrogen through
ER-beta regulated processes. Partial loss of ER-beta in hor-
mone refractory tumors
dependent gene expression of ER-beta .

Such observations may have clinical implications in ca-

retain

may represent an androgen-

ses where tumor cells showed expression of these receptors,

potentially responsive to estrogen and survive in conditions
of androgen deprivation and also for treatment with estrogen
antagonists >*%°.

Conclusion

ER-beta expression was most pronounced in BHP sam-
ples and declined in malignant prostatic lesions. This finding
supports statement on antiproliferative role of ER-beta in
prostatic tissue.
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Introduction

In contemporary heart surgery the following arterial
grafts are used: the internal thoracic artery — ITA (arteria
thoracica interna), the radial artery, the inferior epigastric
artery and the right gastroepiploic artery. Favorable features
of arterial grafts in surgical revascularization of the
myocardium are: uniform size of arterial grafts and diameter
which corresponds to the diameter of coronary blood vessels,
technical and topographical accessibility, the fact that they
do not contain valves, that they are as well adapted to arterial
flow and pressure, and, in case of the ITA adaptation to in-
trathoracic respiratory changes of pressure ' *. Arterial graft
of the ITA, is one of the most frequently used grafts in surgi-
cal revascularization of the myocardium, besides the venous
graft of the great saphenous vein, (vena safena magna).

Arterial grafts are introduced into surgical practice be-
cause of the need to establish efficient system for multiple
revascularization of the myocardium, and the peak in their
implementation is reached by introducing modern techniques
of composite or creative grafts. This contemporary approach
implies complete revascularization of myocardium using ar-
terial grafts. At the same time, the left internal thoracic artery
is used for revascularization of the left anterior descending

coronary artery, while composite graft of the right gastroepi-
ploic artery anastomosed with the radial artery is used for the
revascularization of the right coronary artery and the left
circumflex artery °. The inferior epigastric artery or the right
internal thoracic artery can be used instead of the radial
artery in this composite fashion.

Indications for using composite arterial grafts are a very
small diameter or a high degree of stenosis of target coronary
blood vessels, the need for multiple revascularizations with
more than three distal anastomosis and avoiding bilateral dis-
section of internal thoracic artery in diabetic patients °.

Histology of the internal thoracic artery

Features of the ITA, as almost ideal graft, are deter-
mined with its specific histological structure. According to
the original definition, it is the only peripheral artery of elas-
tic type in human organism, with well formed internal elastic
membrane '. However, in modern research it was shown that
the internal thoracic artery is an artery of the transitional or
mixed type ® (Figures 1A—H).

The wall of the ITA is composed of three layers: tunica
intima, tunica media and tunica adventitia (Figure 1D). Tu-
nica intima has a typical structure and contains endothelium
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Fig. 1 — The internal thoracic artery: (A, B, C and E) Weigert van Gieson staining for elastic fibers; (D) methenamine
silver staining; (F) immunohistochemical staining for alpha smooth muscle (¢ SMA) (EnVision/AEC); (G and H)
immunohistochemical staining for alpha smooth muscle (¢ SMA) (LSAB+/HRP/DAB) [original magnification: (A) 32x;
(B, C, E and F) 64x; (D) 100x; (G and H) 256x]

A and B: artery of mixed (transitional) type, with inner (muscular) layer and outer layer with elastic lamellae; C:
segments with elastic phenotype; D: 1. arterial lumen; 2. tunica intima and the internal elastic lamina; 3. tunica media;

4. elastic lamellae; 5. smooth muscle cells; 6. tunica adventitia; E: segments with muscular phenotype and small number of
elastic lamellae; F: circular arrangement of smooth muscle cells in the inner layer of the tunica media and spiral
arrangement of smooth muscle cells in the outer layer of the tunica media; G and H: smooth muscle cells are present in the
subendothelial connective tissue in infant (2 months of age).

and poorly developed layer of subendothelial connective tis-
sue. Thickness of the intima is very small, around 2.5 um in
the thinnest segments, and the mean values of intimal thick-
ness vary between 9 um, in persons younger than 40 years,
and 20 pm, in persons older than 60 years *°.

Molecular, cytological and histological features of the
ITA endothelium and the composition of subendothelial

connective tissue are important for low level of atherosclero-
sis. The endothelium of the ITA is an important subject of in-
tensive research. It has been shown that preserving the en-
dothelium is a priority during surgical preparation of the
grafts, because the ITA contains a potent system of endoge-
nous nitrate which prevents vasospasm, thrombus formation
and occlusion of the graft ' '".
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Paracrine function of the endothelium is one of the cru-
cial factors responsible for notable differences in the long-
term patency of venous and arterial grafts. The level of nitric
oxide (NO), which is produced by endothelium of the ITA, is
dramatically higher in comparison to low and variable amo-
unt of NO secreted by endothelium of the great saphenous
vein '>"°. Generally taken, basal production of NO is higher
1617 While venous ves-
sels show larger sensitivity to endothelin-1 in comparison to
arterial vessels '*.

Intensive release of NO is also typical for vascular en-
dothelium of the ITA branches. Studies have shown that per-
forating branches of this artery, which provide vascularisati-
on of upper inner quadrant of the breast, have striking ability
of endothelium dependent vasodilatation completely induced
by nitrogen monoxide (NO or endothelium-derived relaxing
factor — EDRF), which is important for perfusion of glandu-
lar tissue adequate to changeable physiological requirements
during breastfeeding and lactation . This feature, with op-
timal diameter, makes the ITA an ideal recipient blood vessel
for free tissue transfers in thoracic region, especially during
breast reconstruction *’.

Reasons for venous grafts insufficiency in comparison
to arterial grafts are weaker activity of antioxidant enzyme,
superoxide dismutase, larger retention of low-density lipop-
roteins (LDL) in venous vesseles ', and as well the fact that
several growth factors, such as platelet-derived growth factor
(PDGF), stimulate proliferation and migration of smooth
muscle cells of the great saphenous vein, but not of the inter-
nal thoracic artery **. Larger retention of LDL in venous
grafts is initiated by larger amount of sulfated
glycosaminoglycans in the subendothelial connective tissue
of the venous vessels in comparison to arterial vessels. Also,
after the implantation of the venous grafts the deposition of
sulfated glycosaminoglycans increase, making the venous
grafts more permeable and susceptible to lipid retention *'.

The preserved endothelium and its anti-thrombogenic
function, as well as the absence of aggregation and activation
of platelets due to low level secretion of platelet-activating
factor and platelet-activating factor acetylhydrolase, are also
designated as causes of delayed atherosclerosis of the inter-
nal thoracic artery ». The internal thoracic artery endotheli-
um contains more anti-thrombotic molecules as, for example,
heparin sulfate and tissue plasminogen activator **.

Besides, endothelium of the ITA is proved to have
fewer fenestrations, lower permeability of intercellular junc-
tion and low level of intercellular adhesion molecule-1
(ICAM-1) with lower potential for adhesion, rolling and
transmigration of inflammatory cells ** **. This is in concor-
dance with basically lower level of inflammation in the athe-
rosclerotic lesions of the internal thoracic artery .

All these factors contribute to low level atherosclerosis
and to the superior patency rate of the ITA when used as the
coronary artery by-pass graft (CABG).

Low grade atherosclerosis is an unique feature of the
ITA. According to many researchers, the ITA rarely develops
atherosclerotic lesions. In a comprehensive pathoanatomical
study, which included 3,409 specimens of the ITA, 97.5% of

in arterial than in venous circulation

them were macroscopically unaltered. Only in six of the arteri-
es, developed atherosclerotic plaques were shown, and 78 arte-
ries have shown atherosclerotic lesions of lower degree *°. Ot-
her similar studies proved that up to 87% of arteries were
free of atherosclerosis and that only 3.1% had stenosis on the
branching point where the ITA derives from the subclavian
artery > **. According to our research, frequency of atheros-
clerotic lesions increases with aging. Atherosclerotic lesions
type IV occur in 1% of patients younger than 40 years and in
7.6% of patients older than 60 years °.

However, the ITA is not resistant to the development of
intimal hyperplasia with aging ** ***. In most of the pati-
ents, intimal thickening of the internal thoracic artery deve-
lops primarily because of intimal hyperplasia. It is also
known that smooth muscle cells in the internal layer (tunica
intima) of this artery can already be found in the first few
years of life >*"* (Figures 1G-H).

Besides that, it was shown that known risk factors for
the development of atherosclerosis: hypercholesterolemia,
diabetes mellitus, male gender, smoking and hypertension
stimulate intimal hyperplasia and the development of ITA
atherosclerosis * **7°,

Specific structural features of the tunica media of the
ITA

The tunica media of the ITA is composed of two layers:
inner, which is made up of several layers of circularly oriented
smooth muscle cells, and outer, with a variable number of elas-
tic lamellae and spirally arranged smooth muscle cells in inter-
lamellar units (Figure 1F). Such a structure completely corre-
sponds to the well-known definition of arteries of mixed type
and contemporary classification of arteries .

In the outer layer of the tunica media, the number of elastic
laminae, which are different from internal and external elastic
membranes, varies depending on an arterial segment.

van Son et al. , who first described histology of the ITA,
paid great attention to the appearance of the tunica media and
the number of elastic lamellae. The first centimeter of the artery
after the take off from the subclavian artery (a. subclavia) had
characteristics of elastic artery with 818 elastic lamellae.

In the further course of the artery, four different types of
the tunica media of the ITA can be distinguished: elastic, which,
together with the internal and the external elastic membranes;
contains between 8 and 18 well-developed; densely arranged
elastic lamellae with moderate number of smooth muscle cells
(Figure 1C); elastic-muscular, with five to seven concentric,
elastic lamellae and slightly larger number of smooth muscle
cells in comparison to the previous type (Figures 1A-B); mus-
cular type, with the domination of smooth muscle cells and three
to four poorly formed elastic lamellae, including the internal and
the external elastic membrane (Figure 1E); muscular type,
which consists almost exclusively of smooth muscle cells with
sparse single elastic fibers distributed between muscle cells and
without well developed elastic lamellae ”.

However, new studies have shown that, in general, the
number of elastic laminae of the ITA progressively decreases
from the initial portion to the terminal branches, which is in
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accordance with its topographical localization and histologi-
cal structure of transitional artery, inserted between classi-
cally structured elastic artery (subclavian artery) and typical
muscle arteries (superior epigastric artery and musculo-
phrenic artery) ** and represents phenomenon which has
been observed in the previous research on the number of
elastic lamellae in the aorta and the ITA ”***. The number
of elastic lamellae in the outer media shows conspicuous in-
dividual variations %

This kind of morphological finding is particularly signifi-
cant from the functional point of view. The research shows
that transitional arteries, due to their specific structure, are ca-
pable of adapting to altered hemodynamic conditions and for
vascular remodeling during life, in accordance with the
changed functional requirements *" **. Similarly to elastic ar-
teries, the presence of elastic lamellae allows these arteries to
maintain a constant blood flow even during diastole by passive
contraction. On the other hand, the presence of well-defined
muscular layer creates conditions for a wide degree of physio-
logical adaptability of the ITA that is vasospasm in conditions
of low flow and an increase in the diameter at increased blood
flow, which is extremely important in terms of graft perform-
ance. It has been shown that the use of the ITA, even in condi-
tions of low free flow gives good results, because this graft has
a high ability to adapt to changing hemodynamic condi-
tions, and if there is no damage to the graft during mobiliza-
tion, the blood flow can significantly increase following the
increased demands of the myocardium .

The extracellular matrix of arterial grafts media contains
a developed network of collagen type IV. Collagen type IV
and laminin stabilize the extracellular matrix of blood vessels,
inhibit the activity of matrix metalloproteinases, delay the
transformation of vascular smooth muscle cells from contrac-
tile to synthetic phenotype as well as their proliferation and
migration. These effects of collagen type IV and laminin are
opposite to the effects provoked by fibronectin ** .

The internal thoracic artery and the positive remodeling

Another important aspect is the fact that the media of
the ITA gradually thickens with age and with the develop-
ment of intimal hyperplasia *°. Also, this happens during the
development of early atherosclerotic lesions types. It was,
also, shown that chronic increase in blood flow leads to the
increase of the ITA diameter ** ’. These facts pointed to-
wards the capability of the ITA for positive remodeling. The
ability for positive remodeling probably contributes to the
absence of complications after CABG surgery, namely an-
gina pectoris and myocardial infarction.

The mean values of the media thickness range between
160 pm and 250 pm *°.

The elastic lamellae features

Between the intima and the media lies a well-developed
internal elastic lamina. The thickness of the internal elastic
membrane is between 2.0 um and 2.5 pm, and it is well-
formed even at birth and in the first years of life it signifi-

cantly thickens and contains a small number of fenestrations.
This perfectly formed internal elastic membrane represents a
specific structure of the ITA and it is especially well-
developed in the younger age groups °'. It was considered
that a well formed internal elastic membrane prevents migra-
tion of smooth muscle cells from the media to the intima and
that it plays a key role in preventing early atherosclerotic
changes '

However, modern research has shown that perfectly
formed internal elastic lamina is not a permanent feature of
the ITA. After the age of sixty, there is a sudden decrease in
the thickness of the internal elastic membrane, while the
number of fenestrations increases significantly from the age
of forty, especially in men *°. This also applies to all elastic
lamellas of the ITA, which become thinner with age, and
have larger and more numerous fenestrations. Degradation of
the elastic skeleton of the internal thoracic artery is particu-
larly well-expressed after the age of sixty. This fact indicates
that the process of aging significantly disrupts the integrity
of the elastic skeleton of the ITA, and probably makes the ar-
tery more vulnerable to the development of intimal hyperpla-
sia and atherosclerosis *°. Consistent with this finding are
conclusions of a study that enclosed 5,601 patients and tested
the long-term prognosis of bilateral ITA grafts in patients
older than 70 years. There was no clear advantage of bilat-
eral ITA grafting in these patients in comparison to vein
grafts or the combination of the ITA and the saphenous vein
grafts **. Aging limits the superiority of the ITA.

These data are opposite to predominant attitudes from
previous studies that claim that parts of the ITA with many
elastic lamellae have lower level of hyperplasia than the in-
tima or atherosclerosis, and that elastic lamellae are perfect
and continual protection from the smooth muscle cells mi-
gration '. Nevertheless, among different media patterns or
phenotypes there are no differences in the thickness of the in-
tima or the atherosclerosis grade . The benefits from using
proximal parts of the ITA came mainly from their functional
adaptability caused by characteristics of mixed arteries ®
Elastic lamellae are not solely factors that delay atheroscle-
rosis or intimal hyperplasia ®.

Between the media and the adventitia there is a well-
formed external elastic membrane.

The issue of vascular wall resident progenitor cells in
the adventitia of the internal thoracic artery

Tunica adventitia of the ITA contains a wide network
of connective tissue composed of longitudinally arranged
elastic and collagen fibers. Its thickness is about 100 um .
Thickness of the adventitia in some segments is equal to the
thickness of the media, which is also similar to the muscular
type arteries, rather than elastic arteries ™ °. A particularly
important feature is the presence of numerous CD34 immu-
noreactive cells, which are considered as resident progenitor
cells of the vascular wall (vascular wall resident progenitor
cells) that are very abundant in the adventitia of the internal
thoracic artery > *. It is believed that these cells have the po-
tential to differentiate to endothelial cells, smooth muscle
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cells, and endothelial cells of vasa vasorum. Also, the endo-
thelium of the ITA artery contains many CD34 immunoreac-
tive cells. This feature is retained by the endothelium in the
aging process, as well as during the development of athero-
sclerosis, which is opposite to the coronary arteries, the ra-
dial artery and the gastroepiploic artery. It is believed that
the presence of CD34 immunoreactive cells indicates the re-
generation potential, which is continuously maintained, and
may explain the low tendency of this artery for the develop-
ment of atherosclerosis °.

The wall thickness of the internal thoracic artery and
the implication for surgical use

The mean value of the wall thickness of the ITA varies
between 240 um and 360 pum in the different age-related
groups with the mean value of 282.79 + 93.54 um . This
provides nutrition of the wall of the ITA from the lumen of
the artery, which was confirmed by immunohistochemical
and electron microscopic studies '°. Specifically, it has been
found that the nutritional needs of the artery with a wall
thickness of less than 350 um and with less than 29 lamellar
units of media, are provided by the diffusion process from
the blood flowing through the artery, and the 29th lamellar
layer and 350th um represent a topographic limit to which it
is possible to conduct the process of diffusion. All the other
lamellar units of these types of arteries settle their nutritional
needs thanks to the presence of vasa vasorum ** °'. There-
fore, the removal of adventitial layer of the artery during
graft skeletonization does not impair the ultrastructure of the
artery, so integrity of the endothelial cells and their connec-
tions and adherences to the basement membrane are pre-
served, regardless of the aggressiveness of the surgical ap-
proach '°. From the perspective of modern cardiac surgery
practice, this histological finding has important implications,
because it suggests a certain amount of freedom in the surgi-
cal preparation of the graft, as well as the possibility to use
the artery as a free, skeletonized or a composite graft without
the risk of ischemic damage to the arterial wall " *>. Lym-
phatic drainage of the wall of the internal thoracic artery is
very effective, in contrast to the coronary arteries, which is
why this is also considered as a possible cause of delayed
development of atherosclerotic changes .

Diameter of the internal thoracic artery

The diameter of the internal thoracic artery varies be-
tween 1.9 and 2.6 mm **. The diameter of the internal tho-
racic artery is almost ideally suited to the diameter of the left
anterior descendening coronary artery. The lack of discrep-
ancy in the caliber of blood vessel combined with a good
surgical technique minimizes the occurrence of turbulent
flow and thrombosis at the anastomotic site >°.

Gender specific differences

The media of the male patients is significantly larger
than the media of female patients and the male gender is an

independent predictor factor for the internal elastic mem-
brane disruption during ageing °. On the other hand, there is
a reduced level of NO and endothelial nitric oxide synthase
(eNOS) in the endothelium of the internal thoracic arteries of
the post-menopausal women with poor outcome expectance
in CABG patients **.

Left-to-right specific differences

In terms of morphometric parameters there is no differ-
ence between the arteries on the left and the right side of the
body, a finding that is particularly important from the point
of view of numerous studies that determine the efficiency
of bilateral internal thoracic artery graft, and the applicabil-
ity of the right internal thoracic artery grafts within com-
posite graft systems and multiple arterial revascularization
systems 85557,

Angiographic comparision of the left internal thoracic
artery (LITA) graft to the nonharvested right ITA in the same
patient indicated that the diameters of the LITA were
significantly smaller, while the intima thickness, the
maximal intimal thickness and the intima-media ratio were
significantly larger in the LITA. NO mediated vasodilatation
was not different between the left and right arteries **.

Use in the surgical myocardial revascularization

Due to anatomical features, the most commonly used
artery is the left internal thoracic artery, as a direct coro-
nary artery by-pass graft to the left anterior descending, di-
agonal or marginal branch of the circumflex coronary ar-
tery **°. The right ITA is used as a free graft for anastomo-
sis with the marginal branch of the circumflex coronary ar-
tery 365960,

A 30-year long surgical practice in the use of this
graft, as well as numerous comparative arteriographic,
clinical and histopathological studies have clearly demon-
strated the superiority of this arterial graft. The monitoring
of the patients during the period of 11 to 18 months after
coronary artery bypass surgery performed with the ITA
graft, determined the rate of graft patency of 89.8% to
100% °" %, During the 10-year postoperative period, this
parameter has a value of more than 80% with the develop-
ment of low level atherosclerotic changes ** ®*. For exam-
ple, during the same period, the rate of graft patency of sa-
phenous vein is between 41% and 56% " *> % In addition,
in all of the implanted vein grafts, within six months to one
year, a diffuse thickening of the intima develops with the
accumulation of foam cells along the lumen of the blood
vessel, which indicates an unstable morphology of these le-
sions and a poor prognostic impact on the fate of these
grafts ¢,

Following a period of 10 years after surgical myocardial
revascularization it was found that patients with great saphe-
nous vein graft compared to patients with implanted internal
thoracic artery graft have a 1.41 times greater risk of develop-
ing late myocardial infarction, 1.25 to 1.27 times greater risk
to develop other late cardiac complications and the need for
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hospitalization and 2.00 times more likely they will need the
reoperation. Finally, the possibility of fatal outcome is 1.61
times higher among patients with venous graft ®*.

Contemporary studies proved that the outcome of CABG
with ITA is superior to percutaneous coronary interventions
(PCI) in terms of outcome, the need for repeated revasculariza-
tion and mortality rate after 3, 4 and 5 years postoperatively "’
and remains the therapy of choice for multivessel disease
Excellent patency rate was observed when the ITA was used in
the technique of minimally invasive direct coronary artery by-
pass grafting (MIDCABG) """,

71-75

Conclusion

The internal thoracic artery is currently the conduit of
the first choice in the surgical myocardial revascularization.
Its unique histological characteristics and hemodynamic
adaptability enable long-term patency and reliable perfusion

of ischemic myocardium. The adaptability of the internal
thoracic artery comes from the fact that this is the artery of
mixed (transitional) type and from the highly active system
of endogenous nitrate. The important features from the clini-
cal point of view are low level of atherosclerosis, stable
morphology of atherosclerotic lesions and a potential for
positive remodeling. The true challenge in future studies
should be further research on the capacity for endothelium
renewal and the differentiation of vascular wall resident pro-
genitor cells present within the adventitia of the internal tho-
racic artery.
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Abstract

Background/Aim. Opto-magnetic imaging spectroscopy
(OMIS) was used as a novel method to determine tissue mo-
lecular conformation changes during hyperbaric oxygen (HBO)
therapy. The aim of this study was to examine the usefulness of
OMIS for the assessment of HBO therapy effectiveness on the
diseased tissue. Methods. OMIS is concerned with obtaining
paramagnetic/diamagnetic propetties of matetials, related to
the presence of unpaited/paired electrons based on their inter-
action with visible light. The basic tool is light of wavelength in
the range between 400 nm and 700 nm and its interaction with
tissue. The study included 22 subjects: 16 angiopathy patients
and 6 healthy subjects as the control group. OMIS was used
with patients on the 1st, 10th and 20th session and with the
control group on the Ist, 10th and 20th day without HBO
therapy in between. Results. The obtained results showed that
healthy skin of all the control group subjects had the same
shape curve. In the angiopathy patient group, before the first
session OMIS showed tissue disorder and after the last session
results resembled more closely the results in healthy tissue. The
differences in the tissue state in the angiopathy group before
each session were noticeable, showing normalized tissue under
the influence of HBO. Conclusion. The results show that
OMIS could be used as a diagnostic tool for detection of the
tissue state before and after the HBO therapy.

Key words:
hyperbaric oxygenation; tissues; spectrum analysis:
biomedical engineering; methods; optical imaging.

Apstrakt

Uvod/Cilj. Optomagnetna imidzing spektroskopija
(OMIS) je nova metoda primenjena za odredivanje moleku-
larnih promena u tkivu tokom hiperbari¢ne oksigenoterapije
(HBO). Cilj rada bio je da se ispita efikasnost OMIS u pro-
ceni dejstva HBO na obolela tkiva. Metode. OMIS se bavi
odredivanjem paramagnetnih/dijamagnetnih karakteristika
materijala, koje su posledica prisustva sparenih i nesparenih
elektrona usled interakcije materijala sa vidljivom svetloscéu.
Osnovni alat je bela svetlost talasne duzine 400-700 nm i
njena interakcija sa tkivom. Studija je obuhvatila 22 ispitani-
ka: 16 bolesnika sa angiopatijama razli¢itog porekla i 6 zdra-
vih osoba kao kontrolnu grupu. OMIS je primenjena kod
bolesnika tokom prvog, desetog i dvadesetog tretmana, a
kod kontrolne grupe prvog, desetog i dvadesetog dana bez
HBO terapije, u meduvremenu. Rezultati. Dobijeni rezul-
tati pokazuju da je rezultantna kriva kod svih clanova kon-
trolne grupe bila istog oblika. Kod bolesnika sa angiopati-
jom krive dobijene merenjem pre prvog tretmana prikaziva-
le su neuredenost tkiva, dok je nakon poslednjeg tretmana
kriva bila istog oblika kao kod zdravog tkiva. Postojala je
uocljiva razlika u stanju tkiva kod bolesnika pre i nakon
HBO tretmana. Zaklju¢ak. Dobijeni rezultati pokazuju da
bi OMIS mogla da se primenjuje kao dijagnosticko sredstvo
za utvrdivanje stanja tkiva pre i posle HBO terapije.

Kljuéne reéi:
hiperbaricka oksigenacija; tkiva; spektar, analize;
biomedicinski inZenjering; metodi; opticko snimanje.

Introduction

Hyperbaric oxygen (HBO) therapy is breathing 100%
oxygen at a pressure higher than atmospheric pressure while in
the hyperbaric chamber. It is used to treat patients with different

vascular problems, microangiopathy, diabetes mellitus compli-
cations, embolism, gangrene, burns, etc 2

Various optical methods, such as pulse oximetry, near in-
frared spectroscopy, and fluorescence spectroscopy have been
used for measuring hemoglobin oxygen saturation, tissue
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oxygenation as well as the glucose level in blood in some disea-
ses >, but due to different limitations in methods and specifici-
ties of HBO therapy, their evaluation value is limited .

In this paper, opto-magnetic imaging spectroscopy (OMIS)
is presented as a method used for skin characterization during
hyperbaric oxygen therapy. Until now OMIS was used on diffe-
rent types of matter, starting with non-organic compounds such
as water °, biological tissue such as healthy skin ’, contact len-
ses ' and live microorganisms such as viruses ''.

The aim of this study was to identify the expected positive
effects of HBO therapy on the diseased tissue and to characteri-
ze skin properties during the therapy. The results of applied
OMIS in the control group are also reported.

Methods

The OMIS method is concerned with obtaining paramag-
netic/diamagnetic properties of materials (unpaired/paired elec-
trons) based on their interaction with visible light. The basic tool
is the light of wavelength in the range between 400 nm and 700

Digital detector (camera)

Light source 'h |‘*‘ "' Light source
Incident diffuse Reflected diffuse
white light i |\éh1 ’

Specimen

Reflected polarized

zed by the sample itself (Figure 1) 2. The longitudinal wave of
the reflected light will dominantly have an electrical component
whose properties will depend on the electrical state of the surfa-
ce. However, the magnetic component of the reflected light will
be perpendicular to the electrical one, but as a transverse wave.
Since the transverse wave has a small intensity in the longitudi-
nal direction its influence on the sensor will be negligible. The-
refore, the electrical properties of a material can be obtained by
measuring the reflected light. The difference between reflected
non-polarized and polarized lights will give us magnetic proper-
ties of the sample.

The digital image is recorded with a standard digital came-
ra, which uses the specially self-constructed extra component
placed in front of the objective (Figure 2) '%. This extra compo-
nent contains the set of the diodes for illuminating the sample.
The NL-B53 device with the Canon digital camera, model
IXUS 105, 12.1 Mpix was used. The illumination of the sample
was achieved by using white diffused light from the diodes
(three light diodes aligned under the angle of 53° to vertical
axis, and with the mutual angle distance of 120° in the hori-

Digital detector (camera)

Light source
A MARA 4 %

“8

Incident diffuse white

light light

«“»

Specimen

Fig. 1 — The experimental arrangement sketch showing relative positions of light sources for white (a) and reflected po-
larized light (b). The degree of light polarization is 95.4%, while angular diffusion of the light source (six white light-
emittind diodes arranged in a circle) is + 1:6° (difference between angles 0 and 0,) 2,

Camera

I!minaﬂon system

Fig. 2 — Basic operational setup (prototype) for opto-magnetic imaging spectroscopy (NanoLab, Faculty of Mechanical
Engineering, University of Belgrade) ',

nm. Since light is composed of coupled electrical and magnetic
field perpendicular to each other in propagation wave, if sample
is exposed to the white light under the angle of 90°, reflected
unpolarized light will have information about electromagnetic
properties of the sample. On the other hand, if the light beam is
incident under a particular angle (the Brewster angle) to a sam-
ple of the material of interest, the reflected light will be polari-

zontal plane). The recording can be conducted over the circle
like shaped area with 25 mm in diameter.

This method uses the color system analogous to human
eye perception. It consists of red, green, and blue colors
(RGB). The algorithm for image processing and chromatic
information determination is based on a chromatic diagram
called the Maxwell triangle and on an operation of the spec-

Sedlar M, et al. Vojnosanit Pregl 2015; 72(10): 922-927.
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tral convolution referring to the blue (B) and the red (R)
channel. It is marked as (R-B)&(W-P) which indicates the
convolution operation of the blue and the red channels (R-B)
of “diffusive” (white light-W) and “polarization” (polarized
light-P) response (W-P). The result of this operation is the
convolution spectrum. The difference of the convolution
spectra of the reflected white light and the polarized light of
blue and red channels yields the opto-magnetic convolution
spectra 12,

Skin represents the largest organ of the human body. It
consists of three main parts: epidermis, dermis and
hypodermis. The boundary between epidermis and dermis is
the basement membrane which presents a barrier for adverse
influences from the external environment.

Patients with compromised circulation are candidates
for HBO therapy because it is well known that, eventually,
angiopathy disarranges the structure and function of the skin
with certain consequences "> '*. HBO therapy improves re-
generation of wounded tissue and promotes healing.

This investigation was performed at the Centre for
Hyperbaric Medicine, Belgrade, Serbia in the period from
February to March 2012 in a multiplace hyperbaric chamber
and included 16 patients with angiopathy of diverse origin
and 6 healthy subjects as the control group. All the subjects
involved gave written consent to participate in this research.
While sitting in the chamber before the regular HBO therapy,
OMIS was used on the skin of the leg or arm, depending on
the patient diagnosis and on the skin of the arm of the control

group subjects. Pictures were taken both with white and po-
larized light twice each. The same procedure was repeated
after 30 min on 222915 kPa [2.2 absolute atmosphere
(ATA)], and the third time immediately at the end of the
therapy on 101.325 kPa (1 ATA). Measurements were repea-
ted in the same way on the 10th and 20th session. OMIS was
applied with the control group in the same way as angiopathy
group but without HBO therapy in between.

Results

The results obtained using the OMIS method of a few
randomly chosen subjects from both groups (control and
angiopathy) were presented. The differences between these
groups were presented as the characteristics of peaks,
wavelength differences and intensity given in the tables
below each figure.

The diagrams in the Figure 3 show the results in the
control group, i.e. healthy people. By taking the pictures with
OMIS and processing them %, the results obtained show that
healthy skin of all the control group subjects had the same
curve shape.

These values represent dynamic state of healthy tissue.
Small variations are expected because each subject is unique
(Figure 3). It has to be stressed that curves of all the subjects
in the control group had the same shape on the first, 10th and
20th day. Two examples of healthy subjects of the control
group are shown in Figure 4.

INTEMSITY [n.a.u. x 1000]

(R-B)&(W-P) Healthy skin characteristics of
control group subjects

WAVELENGTH DIFFERENCE [nm]

Fig. 3 — Healthy skin opto-magnetic imaging spectrometry spectrum comparison in the control group subjects on the
first day. Capital letters indicate initials of the control group subjects.
(R-B) — the blue and the red channels; (W-P) — white light — polarized light response.

(R-B)&(W-P) Summary, healthy subject JL

L first

day

JL10th

day
150

— | 20th
day

INTENSITY [n.a.u. x 1000]

WAVELENGTH DIFFERENCE [nm]

a)

b)

(R-B)&(W-P) Summary, healthy subject DR

80

60
=}
g4 ——DRfirst
—
* 20 day
3
o
E DR
E 20 10th
z day
= -
5 40 .

-60 20th

day
-80
WAVELENGTH DIFFERENCE [nm]

Fig. 4 — Healthy skin opto-magnetic imaging spectrometry spectra comparison on the first, 10th and 20th day: a) of the
control group subjects JL (female) and b) DR (male). The same persistency in the curve shape is present in all the control
group subjects.

(for abbreviations see under Figure 3).
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The values of characteristic peaks are given in Table 1.
The negative values represent diamagnetic and positive pa-
ramagnetic characteristics. It has to be stressed that diamag-
netism indicates stable state of the tissue.

The diagrams in Figure 5 represent the patients with
angiopathy. The results in the Figure 5 a (the left figure) show
the state of the patients’ skin before the first and Figure 5 b (the
figure right) after 20th session. After the last session the results
obtained show similarity with the control group subjects.

All curves in Figure 5a, (left) start as paramagnetic with
one exception indicating the presence of unpaired electrons,
which generate tissue disorder. After the last HBO session
(Figure 5b, right), the curves within some of the patients aga-
in starts as paramagnetic, but all the curves are of narrower
shape and higher amplitude.

Wavelength differences and the intensity of the charac-
teristic peaks before the first and after the last therapy are
shown in Tables 2 and 3, respectively.

Table 1
Intensities and wavelengths corresponding to characteristic peaks for all the control group subjects
Peaks DR JT AL JL MN JP
w([nm] Ifauw]* w[nm] Ifau]  w[nm] I[a.u.] w[nm] I[a.u.] w [nm] Ifau] w[nm] I[a.u.]
Peak 1 114.76 -27.169  117.993  30.131 115341  -26.576 115.341 -38.47 114.76 -14.283  115.142 -37.246
Peak 2  116.637 21.32 121.224  -90.057 119.22 40.768  117.079 28.63 116.87 23.351 117.079  26.493
Peak 3 120.968 -59.897 123.832 26.49 122.505 -11.402 119.48  -17.528 120.708 -34.856 119.991 -39.842
Peak 4 124.161 51.257 / / 125.497 0.604 122.249  -11.005 123.343  31.906 122973  36.665
Peak 5 / / / / / / 126.558  29.176 / / / /

*a,u.-arbitrary units '*; i — intensity; w — wavelength.

(R-B)&(W-P), Angiopathy patients before the first
session

INTENSITY [n.a.u. x 1000]

WAVELENGTH DIFFERENCE [nm]

(R-B)&(W-P), Angiopathy patients after the last
session

INTENSITY [n.a.u, x 1000]

WAVELENGTH DIFFERENCE [nm)]

a)

b)

Fig. 5 — Comparison of the opto-magnetic imaging spectrometry spectra of
the angiopathy patients: a) before the first, and b) after the 20th therapy.
(for abbreviations see under Figure 3)

Table 2

Intensities and wavelengths corresponding to characteristic peaks for randomly selected patients with angiopathy before
the first therapy

Peaks MS BS DD BP DS

w [nm] I[a.u.] w[nm] I[au] w[nm] I [a.u.] w [nm] I [a.u.] w [nm] 1[a.u.]
Peak 1 117.33 7.865 116.87  21.999 113.421 21.738 112.461 -8.725 117.737 18.524
Peak 2 119.991 -51.528 119.22  -54.887 117.33 -36.931 116.423 29.326 120.708 -39.044
Peak 3 121.992 45.67 121.224  11.213  120.968 10.09 119.22 -31.797 / /
Peak 4 12526 -13.746 / / / / / / / /
For abbreviations see under Table 1.

Table 3

Intensities and wavelengths corresponding to characteristic peaks for randomly selected patients with

<

angiopathy after the last therapy

Peaks M5 BS DD BP DS

w [nm] I[a.u.] w [nm] [[a.u] w [nm] 1[a.u.] w [nm] 1[a.u.] w [nm] I[a.u.]
Peak 1 115.725 29.000 115.725 35.433 114.189 -9.923 114.571 -13.49 114571  -1.181
Peak2 11948  -73.687 118.967 -54.288 116.423 34.668 116.241 16.241 117.079  26.005
Peak 3 122973 37.139  122.764 8.257 119.48 -22.107 120.498 -47.428  120.245  -46.19
Peak 4 / / 128.373 4.086 / / 123.343 36.673 112.764 4.114

For abbreviations see under Table 1.

Sedlar M, et al. Vojnosanit Pregl 2015; 72(10): 922-927.
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After the last therapy, the state of the patients showed
an improvement because the differences compared to the
control group were diminished.

The diagrams in Figure 6 indicate that OMIS spectra in
the angiopathy patients significantly changes during the pe-
riod of HBO therapy.

the same magnetic state as before the first therapy and in
some of them it was changed (Table 3) that needs our further
investigation. The result was that all the subjects with the
first peak in diamagnetic field belonged to the peripheral
neuroangiopathy patients.

Opposite to the results showed in Figure 4, in the

(R-B)&(W-P), DD before the first, 10th and 20th

session
= DD first

y session
o
(=]
o
-t
£
3: DD
& 10th
(= session
vy
=
w
B
= ——DD

-60 20th

session

-80

WAVELENGTH DIFFERENCE [nm]

(R-B)&(W-P), M3 before the first, 10th and 20th
session
60
—— MS first
40 session
2
x
:I 0 M3
e 10th
E.zo session
vy
'uz_,-ao
= — M3
~ .60 - 20th
session
80
WAVELENGTH DIFFERENCE [nm]

Fig. 6 — Comparison of the opto-magnetic imaging spectrometry spectra of the diseased tissue of two patients with an-
giopathy on the first, 10th and 20th session.

(for abbreviations see under Figure 3).

Discussion

Small variations of the results of the control group are
present which was expected as the skin of the female and male
genders differ *'*. The OMIS spectra of healthy skin start as
diamagnetic which indicates biophysical stable state of the tis-
sue. After the repeated measurements the shape of the curves
for all the control group subjects was not significantly changed
(Figure 4) which confirms the stability of healthy tissue.
Irregularity in one healthy subject (JT) was noticed as the cur-
ve in each measurement started as paramagnetic without pro-
per biophysical explanation. However, the shape of the curve,
in general, matched the rest of the curves of other healthy sub-
jects. Further investigation is needed.

The results in Figure 5 within the angiopathy group show
shape disorder before the first therapy and after the last
therapy. The shape of the curves became more orderly with
significantly more resemblance to the healthy tissue results.

The values given in Table 2 show that the first peak of
the curves was paramagnetic with one exception (BP)
without biophysical explanation according to our knowledge.
After the last therapy, some of the subjects had first peaks in

angiopathy patients the curve shape before the first, 10th and
20th session was significantly different showing effects of
HBO therapy on the tissue normalization (Figure 6).

Conclusion

The obtained results show that opto-magnetic imaging
spectrometry can be used as diagnostic tool for detection of the
skin state before and after the hyperbaric oxygen therapy. The-
re are the differences between the diagrams and additional
biophysical explanation is needed. The study needs to be con-
tinued with a larger number of subjects for better understan-
ding of the correlation between opto-magnetic imaging
spectrometry, increased level of oxygen and tissue metabo-
lism.
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Idiopathic retroperitoneal fibrosis: A report on 15 patients

Idiopatska retroperitonealna fibroza: rezultati leCenja 15 bolesnika
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Abstract

Background/Aim. Retropetitoneal fibrosis (RPF) repre-
sents a chronic pathological process characterized by fibro-
sis which entraps and compresses the ureters and the great
blood vessels in the retroperitoneal space. A specific form
of RPF is idiopathic RPF, an uncommon collagen vascular
disease of unclear etiology. The series of 15 patients which
underwent open surgical repair due to idiopathic RPF is
presented herein. Methods. From 1989 to 2012, 11 male
and 4 female patients underwent surgery due to primary
RPF. The ureters were entrapped unilaterally (7 patients), or
bilaterally (8 patients). Major symptoms included low back
pain due to hydronephrosis (9 patients), uremia (4 patients),
and urinary tract infection (2 patients). The diagnosis was
based on intravenous urography (IVU), retrograde uretero-
pyelography and computed tomography (CT). Results.
Surgical procedures included intraperitoneal ureteral dis-
placement (8 patients) and ureteral wrapping with omental
flap (6 patients). One patient underwent bilateral ureteral
stenotic segments resection and oblique ureterography, fol-
lowed by wrapping with omental flap. Pathological exami-
nation confirmed primary RPF in all patients. The mean
operative time was 3.5 h (range 2.5-4.5 h). The average in-
trahospital stay was 21 days (range 16-26 days). The mean
follow up was 32 months (6—46 months). During the follow
up, 12 patients had improvement on IVU. Conclusion.
Eatly recognition of signs and symptoms of RPF is of the
utmost importance for the outcome. Surgical procedures,
including ureteral wrapping with omental flap, or intraperi-
toneal ureteral displacement, usually represent definitive
treatment.

Key words:
retroperitoneal fibrosis; diagnosis, differential; urologic
surgical procedures.

Apstrakt

Uvod/Cilj: Retropetitonealna fibroza (RPF) predstavlja
hronicni patoloski proces koji karakterise fibroza koja obu-
hvata i pritiska ureter i velike krvne sudove u retroperitone-
alnom prostoru. Specifi¢an oblik RPF je idiopatska RPF, re-
tka vaskularna kolagena bolesti nejasne etiologije. U ovom
radu predstavljena je grupa od 15 bolesnika koji su operisani
zbog idiopatske RPF. Metode. Od 1989. do 2012. ukupno
11 muskaraca i Cetiri Zene operisani su zbog primarne RPF.
Ureteri su bili zahvaceni jednostrano kod sedam bolesnika
ili bilateralno kod osam bolesnika. Glavni simptomi bili su
lumbalni bol zbog hidronefroze, uremija i infekcije urinar-
nog trakta. Dijagnoza je postavljena na osnovu intravenske
urografije (IVU), retrogradne ureteropijelografije i kompju-
terizovane tomografije (KT). Rezultati. Primenjene su sle-
dece hirurske procedure: intraperiteonalno postavljanje ure-
tera kod osam bolesnika i obmotavanje uretera omentalnim
flapom kod Sest bolesnika. Kod jednog bolesnika ucinjena
je bilateralna resekcija stenoti¢nog segmenta i ureterografija,
a potom i obmotavanje uretera omentalnim flapom. Patolo-
ski pregled potvrdio je postojanje primarne RPF kod svih
bolesnika. Prosecno trajanje operacije bilo je 3,5 sata (od 2,5
do 4,5 sata). Prosecni boravak u bolnici bio je 21 dan (od
16 do 26 dana). Prose¢no pracenje iznosilo je 32 meseca
(od 6 do 46 meseci). Tokom pracenja, kod 12 bolesnika
primenom IVU konstantovano je poboljsanje. Zakljucak.
Rano prepoznavanje znakova i simptoma RPF od najvece
je vaznosti za ishod lecenja. Hirurski zahvati, ukljucujudi
obmotavanje uretera omentalnim flapom ili intraperitone-
alno postavljanje uretera, obicno predstavljaju definitivno
lecenje.

Kljucne reci:
fibroza, retroperitonealna; dijagnoza, diferencijalna;
hirurgija, uroloska, procedure.
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Introduction

Retroperitoneal fibrosis or Ormond’s disease is an un-
common collagen vascular disease of unclear etiology. The
disease was documented by Albaran in 1905 for the first
time and rediscovered by John Kelso Ormond in 1948 "%,

The RPF is a chronic diffuse retroperitoneal inflam-
matory process that can entrap the retroperitoneal struc-
tures, mainly the ureters and the great vessels. Fibrosis may
involve the mediastinum, scrotum and the base of mesen-
tery, as well. The symptoms are nonspecific, including
flank pain, malaise, anorexia and renal failure. Some pa-
tients are asymptomatic and are diagnosed with RPF during
the follow-up of the primary disease . The RPF is gener-
ally idiopathic, often in the presence of inflammatory ab-
dominal aortic aneurysm or syndrome of vasculitis. How-
ever, RPF can appear secondary to the use of certain drugs,
malignant diseases, infections, radiotherapy and surgery.
Some cases are related to gynecological malignancy.

In cases with renal failure, retrograde ureteropyelo-
graphy may reveal the length of the involved ureter. In ad-
dition, computed tomography (CT) urography, or magnetic
resonance imaging (MRI) will help to evaluate the extent of
fibrotic changes in the retroperitoneum.

The initial treatment of primary RPF consists of uret-
eral stenting, followed by immunosuppressive therapy.
However, the surgical ureterolysis represents definitive
treatment for the vast majority of cases. While open uret-
erolysis still represents traditional option, laparoscopic
ureterolysis is widely accepted today. In the centers where
it is available, laparoscopic RPF repair offers additional
advantages of shorter hospital stay and reduced transfusion
requirements °. However, some authors think that the limi-
tations of laparoscopic RPF repair are the cases with very
long ureteral entrapment and stricture .

The aim of this study was to present patients which
subjected to the open surgical repair due to idiopathic RPF.

Methods

From January 1989 to December 2012, a total of 15
patients (11 male and 4 female), with a mean age of 56.4
years, (range 28—72 years), underwent open surgery due to
RPF. The patients with intrinsic ureteral obstruction, or an-
other cause for extrinsic obstruction, were excluded from
this series.

Preoperative assessment included complete laboratory
blood and urine analysis, physical examination, digital rec-
tal/or vaginal examination, abdominal ultrasonography, in-
travenous urography (IVU) and/or CT-urography. The IVU
was performed in order to present the renal excretion, uret-
eral course, and the site of ureteral obstruction. Recently,
CT-urography has been more commonly used, as it pro-
vides more details, including the assessment of the retrop-
eritoneal scarring process etc. The biopsies of retroperito-
neal tissue were done in all the patients. The patients with
impaired renal function or a documented allergy to contrast
material underwent retrograde ureteropyelography.

Results

Medial unilateral or bilateral ureteral deviation and
proximal dilation seen on IVU are typical for the diagnosis
of RPF (Figure 1).

Fig. 1 — Bilateral retroperitoneal fibrosis. Medial devia-
tions of both ureters. Percutaneous nephrostomy tubes
placed into both kidneys.

A total of 23 renoureteral units were affected: seven pa-
tients (2 female and 5 male) had unilateral, while eight pa-
tients (2 female and 6 male) had bilateral ureteral entrap-
ment. The most common symptoms and signs were low back
pain due to hydronephrosis (9 patients), uremia (4 patients)
and urinary tract infection (2 patients).

The mean time from the appearance of the first symp-
toms to the presentation was 15.8 months.

Severe hydronephrosis or hydronephrosis associated
with impaired renal function were the indications for percu-
taneous nephrostomy (PCN) in nine renoureteral units; PCN
tube was retained until the optimization of renal function. A
double-J stent was inserted in 14 renoureteral units preopera-
tively, in order to facilitate the identification of the ureters
during the surgery.

In all the patients, the retroperitoneal space was ex-
posed through the midline laparotomy. There were no pe-
rioperative complications (Figure 2).

Fig. 2 — The ureter with the stenotic segment deliberated
from fibrosis.
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After mobilization of the ureters and the dissection of
periureteral fibrosis, three different surgical procedures were
performed: intraperitoneal ureteral displacement (8 patients),
ureteral wrapping with omental flap (6 patients) and bilateral
resection of stenotic ureteral segments followed by omental
flap wrapping (1 patient) (Figures 3-5).

- \ - i A »
3 . = -
Fig. 3 — Stenotic ureteral segment was removed and the ure-
ter reanastomozed.

Fig. 5 — The ureter wrapped into the omental flap.

Ureteral stents were removed on the day 21 postoperatively.
During the follow-up, serum creatinine measurement, abdominal
ultrasonography, IVU and CT-urography were performed.

Pathological examination confirmed primary RPF in all
the patients. The mean operative time was 3.5 h (2.5-4.5 h).
The average intrahospital stay was 21 days (16-26 days).
The mean follow-up was 32 months (646 months). During
the follow-up, 12 of the patients had improvement on IVU.

Two patients had further deterioration of renal function.
One patient had unresolved pelvicalyceal dilation, which re-
quired double-J placement.

Discussion

The term retroperitoneal fibrosis denotes the presence of
fibroinflammatory tissue in the retroperitoneal space, which
surrounds and entraps the great vessels and the ureters.

Primary or idiopathic RPF is probably the result of lo-
cal inflammatory response to various antigens. The diagno-
sis of true idiopathic form of RPF is likely in all patients
where no potential causative agent may be identified. How-
ever, its pathogenesis seems to be related to IgG4 autoim-
mune mechanisms.

From the other hand, the etiology of secondary forms
of RPF is diverse and it can be the consequence of various
medications, infections, traumas and malignancies. The
RPF secondary to aortic aneurysm is probably the result of
inflammatory response induced by leakage of lipids from
aneurysm " *. RPF associated with rheumatoid arthritis or
systemic lupus erythematosus probably represents the auto-
immune reaction. In addition, these cases usually respond
well to steroids and immunosuppressive therapy > '°. Other
frequent causes of secondary RPF are previous abdominal
or retroperitoneal surgery, retroperitoneal hematoma,
and/or extravasation of the urine, and very commonly, ra-
diotherapy. Drugs that potentially cause RPF include me-
thysergide, beta-adrenergic blockers, lysergic acid diethyl-
amide, methyldopa, amphetamines, phenacetin, pergolide,
cocaine etc. "' %,

The classical clinical signs of RPF are hydronephrosis
and medial ureteral deviation seen on IVU or CT-
urography. Retrograde ureteropyelography is indicated in
patients with impaired renal function; it can be followed by
ureteral stenting which facilitates intraoperative identifica-
tion and handling of the ureters. Percutaneous nephrostomy
is indicated in patients with severe hydronephrosis, as a
primary treatment before surgery. Preoperative biopsy of
retroperitoneal mass is useful to provide information re-
garding the type of the disease. It is usually performed un-
der the CT guidance, using a true-cut needle, or by fine
needle aspiration .

Conservative treatment is indicated in patients with
RPF associated with some connective tissue disease or with
inflammatory abdominal aortic aneurysm. Frequently used
medications are methylprednisolon, azathioprine, peni-
cilamine, tamoxifen and various immunosuppressive
agents '™ '*. The last can be used for six months after the
surgery, to prevent recurrence B,
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Ureteral stenting or PCN as definitive measures are in-
dicated only in patients with a significant comorbidity.

Surgical management of RPF traditionally included
open ureterolysis through the median laparotomy. Rarely, an
extensive loss of ureteral length requires various reconstruc-
tive procedures, like Boari bladder flap, or even ureteral re-
placement with the ileum ' 7.

In the described series, there was no need for ureteral
replacement. The most frequent procedure was intraperi-
toneal ureteral displacement. The procedure starts with
ureterolysis, or freeing up the ureters from the fibrous tis-
sue. After that, the ureter can be pulled laterally and com-
pletely covered with the folding of the parietal perito-
neum. In cases with the abundant omentum, a similar pro-
cedure can be performed using the omentum or omental
flap. In one patient, there was complicated situation, due
to severe fibrosis and stenosis of both ureters. The authors
performed bilateral resection of the ureteral segments,

oblique end-to-end anastomosis, stenting and the omental
flap wrapping.

Recently, more and more RPF repairs have been per-
formed using laparoscopy. Laparoscopic RPF repair is fol-
lowed by low morbidity; it allows effective ureterolysis and
the interposition of omentum or peritoneum. The only pos-
sible limitation for laparoscopy is a very long ureteral en-
trapment and stenosis '* .

Conclusion

Retroperitoneal fibrosis represents an uncommon dis-
ease of heterogeneous etiology, with the great impact on
upper urinary tract. Idiopathic retroperitoneal fibrosis is
frequently discovered incidentally, as upper urinary tract
obstruction of unknown etiology.

While conservative therapy is rarely successful, sur-
gery still represents the only curative treatment.

REFERENCES

1. Resnwk MI, Kursh ED. Extrinsic obstruction of the ureter. In:
Walsh PC, Retik AB, Vanghan ED Jr, Wein AJ, editors. Campbell's
Urology. 7th ed. Philadelphia: Saunders; 1998. p. 387—419.

2. Ommond JK. Bilateral ureteral obstruction due to envelopment and
compression by an inflammatory retroperitoneal process. ] Urol
1948; 59(6): 1072-9.

3. Demko TM, Diamond JR, Groff |. Obstructive nephropathy as a re-
sult of retroperitoneal fibrosis: a review of its pathogenesis and as-
sociations. ] Am Soc Nephrol 1997; 8(4): 684—8.

4. Shaunak S, Wilkins A, Pilling JB, Dick D]. Pericardial, retroperito-
neal, and pleural fibrosis induced by pergolide. ] Neurol Neuro-
surg Psychiatr 1999; 66(1): 79—81.

5. Palmer LS, Rosenthal SA. Images in clinical urology. Testicular en-
casement by retropetitoneal fibrosis: a rare testicular mass. Urol-
ogy 1999; 53(3): 619—-20.

6. Srinivasan AK, Richstone 1, Permpongkosol S, Kavoussi I R. Compari-
son of laparoscopic with open approach for ureterolysis in patients
with retroperitoneal fibrosis. ] Urol 2008; 179(5): 1875—8.

7. Okumura A, Murakami K, Nozgaki T, Fuse H. Laparoscopic uretero-
lysis for idiopathic retroperitoneal fibrosis. Int ] Urol 2005; 12(12):
1079—-81.

8. Ferndndez-Codina A, Martinez-Valle F, Castro-Marrero ], Detorres 1,
Viilardell-Tarrés M, Ordi-Ros ]. 1diopathic retroperitoneal fibrosis: a
clinicopathological study in 24 Spanish cases. Clin Rheumatol
2013; 32(6): 889—-93.

9. LinH, Zhang G, Nin Y, Jiang N, Xiao W. Retroperitoneal fibrosis: a
clinical and outcome analysis of 58 cases and review of literature.
Rheumatol Int 2014. (In Press)

10. Crotty KL, Oribuela E, Warren MM. Response of renal intrahilar ret-
roperitoneal fibrosis to immunosuppressive therapy. ] Endourol
1994; 8(5): 371-3.

11. Bueei |A, Manoharan A. Methysergide-induced retroperitoneal fi-
brosis: successful outcome and two new laboratory features. Mayo
Clin Proc 1997; 72(12): 1148—50.

12. Kunkler RB, Osborn DE, Abbort K]. Retroperitoneal fibrosis
caused by treatment with pergolide in a patient with Parkin-
son's disease. Br ] Urol 1998; 82(1): 147-9.

13. Dash RC, Lin K, Sheafor DH, Dodd 1.G. Fine-needle aspiration
findings in idiopathic retroperitoneal fibrosis. Diagn Cytopa-
thol 1999; 21(1): 22—6.

14. Harreby M, Bilde T, Helin P, Meyhoff HH, VVinterberg H, Nielsen
[”A. Retroperitoneal fibrosis treated with methylprednisolon
pulse and disease-modifying antirheumatic drugs. Scand | Urol
Nephrol 1994; 28(3): 237—42.

15. Riedl CR, Zinnbauner B. Asynchronous bilateral hydronephrosis
in retroperitoneal fibrosis with an interval of 44 months.
Urologe A 1995; 34(1): 54—8. (German)

16. Fugita OFE, Jarrett TW, Kavoussi P, Kavoussi LR. Laparoscopic
treatment of retroperitoneal fibrosis. ] Endourol 2002; 16(8):
571—4.

17. Kawanishi H, Aoyama T, Sasaki M. Long-term results of ureteral
replacement using ileum: report of four cases. Hinyokika Kiyo
1999; 45(6): 431—4.

18. Elashry OM, Nakada SY, Wolf ]S, Figenshau RS, McDougall EM,
Clayman RV/. Utreterolysis for extrinsic ureteral obstruction: a
comparison of laparoscopic and open surgical techniques. ]
Urol 1996; 156(4): 1403—10.

19. Simone G, Leonardo C, Papalia R, Guaglianone S, Gallucci M. Lapa-
roscopic ureterolysis and omental wrapping. Urology 2008;
72(4): 853—8.

20. Fong BC, Porter JR. Laparoscopic ureterolysis: technical alterna-
tives. ] Endourol 2006; 20(10): 820—2.

Received on April 26, 2014.
Revised on October 4, 2014.
Accepted on October 13, 2014.
Online First August, 2015.

Hadzi-Djokic ], et al. Vojnosanit Pregl 2015; 72(10): 928-931.



Page 932

VOJNOSANITETSKI PREGLED Vojnosanit Pregl 2015; 72(10): 932-936.

CASE REPORTS

VI ETy
- ‘I

2 @ & UDC: 616.61-006
R il | ). DOI: 10.2298/VSP140311027M

1 |||—I‘yl

"gga®

Acquired cystic disease and renal cell carcinoma in hemodialysis
patients — A case report on three patients
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Abstract

Introduction. Renal cell carcinoma (RCC) is derived from renal
tubular epithelial cells and represents approximately 3.8% of all
malignancies in adults. The incidence of renal cell carcinoma has
been growing steadily and ranging from 0.6 to 14.7 for every
100,000 inhabitants. Patients with end-stage renal disease and ac-
quired cystic kidney disease are at increased risk of developing
RCC while undergoing dialysis treatment or after renal transplanta-
tion. Case report. We presented 3 patients undergoing hemodialy-
sis, with acquired cystic kidney disease accompanied by the devel-
opment of RCC. In all the patients tumor was asymptomatic and
discovered through ultrasound screening in 2 patients and in 1 of
the patients by post-surgery pathohistological analysis of the tissue
of the kidney excised using nephrectomy. All the three patients had
organ-limited disease at the time of the diagnosis and they did not
require additional therapy after surgical treatment. During the fol-
low-up after nephrectomy from 6 months to 7 years, local recur-
rence or metastasis of RCC were not diagnosed. Conclusion. Ac-
quired cystic kidney disease represents a predisposing factor for the
development of renal cell carcinoma in dialysis patients and re-
quires regular ultrasound examinations of the abdomen aimed at
early diagnosis of malignancies. Prognosis for patients with end-
stage renal disease and RCC is mostly good because these tumors
are usually of indolent course.

Key words:
renal dialysis; kidney diseases, cystic; hemodyalisis;
nephrectomy; treatment outcome.

Apstrakt

Uvod. Karcinom bubrega (renal cell carcinoma — RCC) nastaje iz
renalnih epitelnih Celija tubula i ¢ini oko 3,8% svih maligniteta
kod odraslih. Incidencija RCC je u stalnom porastu i iznosi 0,6
do 14,7 na 100 000 stanovnika. Bolesnici sa terminalnom bubre-
znom insuficijencijom i ste¢enom cisticnom boles¢u bubrega su
u povecanom riziku od razvoja RCC tokom lecenja dijalizom ili
nakon transplantacije bubrega. Prikaz bolesnika. U radu su pri-
kazana 3 bolesnika le¢ena hemodijalizom sa stecenom cisticnom
boleséu bubrega koja je bila udruzena sa razvojem RCC. Kod
svih bolesnika tumor je bio asimptomatski i otktiven je ultrazvu-
¢nim pregledom kod dva bolesnika, a kod jednog patohistolos-
kom analizom tkiva bubrega odstranjenog nefrektomijom. Kod
sva tri bolesnika bolest je bila organ-ogranicena u vreme postav-
ljanja dijagnoze i nije zahtevala primenu dodatne terapije nakon
hirurskog le¢enja. Tokom petioda pracenja od 6 meseci do 7 go-
dina nakon nefrektomije, nije dijagnostikovano postojanje lokal-
ne rekurencije ili metastaza RCC. Zaklju€ak. Stecena cisticna
bolest bubrega predstavlja predisponirajuéi faktor razvoja RCC
kod bolesnika na dijalizi i zahteva redovne ultrazvucne kontrole
abdomena u cilju postavljanja rane dijagnoze maligniteta. Prog-
noza kod bolesnika sa terminalnom bubreznom insuficijencijom i
RCC u najvecoj meti je dobra jer su karcinomi bubrega kod ovih
bolesnika, uglavnom, indoletnog toka.

Kljuéne redi:
bubreg, neoplazme; bubreg, cisticni; hemodijaliza;
nefrektomija; leCenje, ishod.

Introduction

Renal cell carcinoma (RCC) is derived from renal tubular epit-
helial cells. This type of cancer represents approximately 3.8%

of all malignancies in adults of the general population. The inci-
dence of RCC has been growing steadily for the last 30 years,
ranging from 0.6 to 14.7 for every 100,000 inhabitants ' . Trea-
tment of RCC is the current oncologic problem, because, in spite
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of modern diagnostic methods and surgical treatment a patient
survival with RCC has not significantly improved in the last 15
years. At the time of diagnosis, 30% to 40% of patients either
clearly show metastatic disease or it is clinically unrecognizable
depending on the stage of the disease. Optimal treatment of
kidney cancer is surgery, applying radical or partial
nephrectomy for small tumors in order to maintain a functioning
renal tissue %,

Patients with end-stage renal disease (ESRD) and acquired
multiple renal cysts are at increased risk of developing RCC du-
ring dialysis or after renal transplantation. The prevalence of
RCC in this group of patients is 3% to 5%, which corresponds to
the rate 100 times higher than sporadic RCC type in the general
population >*. Acquired cystic kidney disease (ACKD) is an in-
dependent risk factor for the development of RCC in these pati-
ents. ACKD is defined by the presence of multiple renal cysts
(three or more per kidney), filled with serous fluid, in a patient
with ESRD. Patients with ACKD have 50 times higher risk of
developing RCC compared to the general population *°. To da-
te, the pathogeneses of ACKD and RCC associated with it re-
main undetermined >, Several factors are considered to contri-
bute to development of ACKD and RCC in ESRD patients: is-
chemia, uremic toxins like p-cresol, increased secretion of
parathyroid hormone and growth factors, depressed immunity,
viral infections, obstruction of renal tubules due to fibrosis and
oxalate deposits, and other factors *”. The prevalence of ACKD
in dialysis patients is from 30% to 90% and increases with the
duration of dialysis. ACKD was reported to be observed in 20%
of patients with ESRD in the period before dialysis, rising to 60—
80% in patients more than 4 years on dialysis and approximately
in 90% of those on dialysis more than 8 years *.

The association of RCC and ESRD is manifested in speci-
fic clinical and pathological characteristics in relation to RCC in
the general population. Common clinical symptoms typical for
the most forms of sporadic renal cancer, such as hematuria,
lumbar pain, infection and elevated temperature, are generally
absent in patients with ESRD and RCC. This group of patients
are diagnosed with papillary renal cell carcinoma in more than
40% of cases, in contrast to clear cell renal cell carcinoma diag-
nosed in approximately 70% of the sporadic forms of the tu-
mor *. In comparison with the sporadic RCC, these tumors are
more frequent in pT1 stage (smaller than 70 mm), low-grade
malignancy and rarely with the appearance of distant and regio-
nal lymph nodes metastases °. The prognosis for patients with
ESRD and RCC is mostly good because these tumors are
usually of indolent course .

The aim of this article was to show clinical and histopatho-
logical characteristics in 3 surgically treated patients with ESRD
and ACKD associated with RCC. In all the patients malignant
disease was asymptomatic. There were no complications related
to the surgery, general anesthesia and the cardiovascular system
during or immediately after nephrectomy.

The presented patients were still treated according to the
protocol of ESRD and controled in accordance with the recom-
mendations of the European Association of Urology Guidelines
on Renal Cell Carcinoma . During the clinical follow-up after
nephrectomy from 6 months to 7 years, local recurrence or me-
tastatic RCC was not diagnosed.

Case 1

A 35-year-old patient was admitted for a pretransplanta-
tion proceeding for potential living related renal transplanta-
tion. The main disease which caused end-stage renal disease
was systemic lupus erythematosus and lupus nephritis. The
patient was treated with hemodialysis for 4 years. We per-
formed regular ultrasound examination of the abdomen and
diagnosed the presence of circular, hyperechogenic formati-
on in interpolar part of the right kidney, whose diameter was
23 mm. Both kidneys were reduced in size, the longitudinal
diameter of each was about 9 cm, reduced parenchyma, with
multiple cysts. The largest diameter of individual cyst was
1.5 cm. Based on ultrasound examination, the patient was su-
spected to having tumor of the right kidney. Multislice com-
puted tomography (MSCT) of the abdomen was performed
and diagnosed the existence of a tumor, 22 x 25 x 30 mm in
diameter, with no signs of breaking kidney capsula. The pa-
tient underwent a radical right nephrectomy. Histopathologi-
cal examination showed the existence of tumor whose largest
diameter was 20 mm, mostly with hemorrhagic necrosis.
Malignancy was diagnosed as: Renal cell carcinoma
cysticum et necroticum, Fuhrman grade 2, stage T1Nx (Figu-
re 1). There were a number of renal cysts lined with flattened
epithelium, without atypia. Pathology assessment of the non-
tumor specimen revealed chronic diffuse and global glome-
rular and interstitial lesions within the class IV lupus nephri-
tis. The tumor was organ-confined and application of additi-
onal therapy was not indicated. Seven years after the operati-
on there was no occurrence of RCC progression.

Fig. 1 — Large field of cystic degeneration and hemorrha-
gic necrosis in clear renal cell carcinoma, Fuhrman grade
2 (Hematoxylin-eosin, x75).

Case 2

A 76-year-old patient was on chronic hemodialysis for 2
years. The main disease which caused end-stage renal disease
was ischaemic nephropathy. Laboratory blood tests were
within the range typical for patients undergoing hemodialysis.
We performed regular ultrasound examination of the abdomen
and incidentally diagnosed the presence of circular formation
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in the lower half of the left kidney, dimensions 30 x 35 mm,
which was suspected to the presence of tumor. Both kidneys
were reduced in size, the right kidney was 8 cm and the left
one 9 cm, thinned, echogenic parenchyma, with multiple
cysts in both kidneys. The largest diameter of individual cyst
was 1 cm. MSCT of the thorax and abdomen was performed
showing well-vascularized tumor in the lower pole of the left
kidney, measuring 33 x 33 mm, with no signs of local and
distant metastases. Radical left nephrectomy along with
adrenalectomy and regional lymphadenectomy was perfor-
med. Pathology assessment of the nephrectomy specimen re-
vealed Fuhrman grade 2, clear cell renal carcinoma, staged
as TINO, with involvement of tumors vascular space. Due to
the localized disease further application of treatment was not
indicated.

Case 3

A 58-year-old patient was admitted for nephrectomy of the
right dysfunctional kidney. The disease which caused end-stage
renal disease was reflux nephropathy. The patient had been on
home hemodialysis for 21 years and had recurrent urinary tract
infections that required frequent use of antibiotics. That was the
reason why the patient had radical left nephrectomy a month be-
fore. MSCT of abdomen was performed preoperatively and
showed the existence of reduced kidneys size, the right kidney
was 9.5 cm and the left one 7.5 cm, markedly thinned
parenchyma, with the present small cystic changes. Histopatho-
logical examination showed the existence of the atrophic left
kidney with cortical cysts. Then, the patient underwent a radical
right nephrectomy and the lesion histologically proved to be the
subtype of RCC, labeled as acquired cystic disease-associated
renal cell carcinoma of nuclear grade Fuhrman 1, stage TINO
(Figures 2 and 3). Since the disease was organ-confined, urolo-
gical-oncology data indicated regular controls, with repeated ul-
trasound and CT examinations, as recommended for the treat-
ment of RCC.

Fig. 2 — Small papillary structures composed of the light of
neoplastic cells within the acquired cystic disease-
associated renal cell carcinoma, Fuhrman grade 1

(Hematoxylin-eosin, x75).

Discussion

Patients with ESRD have an increased risk of develo-
ping RCC in their native kidneys and ACKD represents the
predisposing factor for its onset>. Continuous research on
the correlation between RCC and ACKD has been on-going
for more than half a century. The first results of this correla-
tion were autopsy findings. A group of authors from Oxford,
Dunnill et al. ', published the autopsy results of 30 patients
with ERSD in 1977. Cystic kidney disease, now ACKD, was
present in 14 of the patients, of which 6 also had RCC. One
autopsy report also showed dissemination of RCC. Thanks to
the results of this analysis, ACKD initially obtained a
complex definition as macroscopically visible cystic structu-
res which covered at least 25% of the renal parenchyma or
more than 3 cysts in the kidney in patients with kidney
insufficiency, with negative family medical history regarding
cystic kidney disease.

The authors Matson and Cohen * drew attention to the
significance of the duration of dialysis for the onset of
ACKD and its correlation to RCC in 1990. The correlation of
RCC and ACKD ranged from 0.3% to 14%, depending on
the number of patients involved in studies, but most often
they ranged from 3 to 5% >*'>'*'% Some epidemiological
studies show significant differences compared to the presen-
ce of RCC in patients on dialysis. The number of patients on
dialysis and with newly onset RCC increased by 15 times in
Japan in the last three decades, but the correlation of ACKD
and RCC is still lower than 6% '*. Compared to the same
group of patients in Europe and North America, this number
is 4 to 5 times lower *.

The results of a great number of studies especially draw
attention to the correlation between the duration of dialysis
and the onset of RCC ">, In the study of Kojima et al. '* on
2,624 patients with ESRD, RCC was also diagnosed after
11.2 years of dialysis therapy on the average in 44 (1.68%)
of the patients of which ACKD was already present in 36

Fig. 3 — Tubular structures within the acquired cystic
disease-associated renal cell carcinoma, coated with
cubic neoplastic cells and surrounded by hemorrhagic
necrosis (Hematoxylin-eosin, x100).
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(81.8%) of them. The results of one of the latest and largest
studies which monitored more than 7,000 dialysis patients
show that in 22 (0.3%) of them RCC was diagnosed and
surgically treated, while at the same time in 18 (82%) patients
the acquired cystic kidney disease was already present along-
side cancer "°. Only one of our 3 patients was on a long-term
dialysis therapy (21 years), while the other two patients spent
significantly less time on hemodialysis (4 and 2 years). All pa-
tients were treated with hemodialysis and they had manifested
ACKD.

There were no surgery or post-surgery complications in
the patients on dialysis with ACKD and RCC in our analysis.
Patients on dialysis with RCC are a high-risk group for surgi-
cal procedures, especially due to the worsening of cardiologic
and respiratory complications which are already present within
the basic chronic kidney disease "’

In dialysis patients, most kidney cancers are detected du-
ring ultrasound screening because of ACKD, due to the fact that
they are most often asymptomatic *. The widespread and mo-
dern application of radiologic diagnostic procedures for the de-
tection of presymptomatic tumors in patients with ESRD can be
linked to the significant increase of RCC incidence '*'®. The
asymptomatic landscape in relation to RCC was also present in
the patients from our study. Kidney tumors were diagnosed in 2
of the patients during routine ultrasound screenings, while in the
third patient it was undetected within the kidney cysts. In 2 of
the 3 patients, the suspected presence of kidney tumor with
ACKD was confirmed by both ultrasound and MSCT
examination. On the basis of the conducted radiological
examinations, tumorous changes in the right kidney were not
suspected in the third patient. Small tumor with cystic degene-
ration was masked by multiple cysts within ACKD, so the dia-
gnosis of the entity “acquired cystic disease-associated renal
cell carcinoma” (ACDAC) was established by the post-surgery
pathohistological analysis of the tissue of the removed kidney.

ACDAC represents a more recent pathohistological
entity which is often diagnosed in patients with terminal renal
insufficiency and with acquired multiple cysts of the kidney.
Compared to sporadic RCC, ACDAC has better prognosis due
to the fact that it gets detected in its early stages and rarely me-
tastasises '**’. The pathohistological diagnosis of ACDAC is
established in 46% of patients with ESRD. The macroscopic
appearance of the cystic structure is its most common presen-
tation and it occurs in around 67% of patients °.

This subtype of kidney cancer manifests microscopic va-
riations of the growth pattern from papillary and cystic to solid
and acinar, in part with cribriform areas. Tumorous cells are
abundant eosinophil or oncocytic cytoplasms, of prominent
nucleoli, at times also with intratumoral deposits of calcium
oxalate crystals > '*2*** In the results of previous studies, this
type of carcinoma was often diagnosed as clear cell carcinoma
with cystic degeneration. According to the latest recommenda-
tions of the International Society of Urological Pathology
(ISUP), ACDAC has been identified as separate entity *. Ra-
re cases of transformation of ACDAC into RCC showing sar-
comatoid or rhabdoid differentiation >***' have also been
described. The diagnostics of sarcomatoid RCC, as the RCC
with the greatest malignant potential are often linked to the

duration of dialysis. The results of the study of Sassa et al.

in a group of 23 patients with a dialysis period of longer than
20 years show that the sarcomatoid type of RCC was diagno-
sed in 6 patients. This result shows that dialysis therapy las-
ting more than 10 years represents a significant risk-factor
for the development of a more aggressive type of RCC. In
this presentation of the patient 3, with dialysis therapy lasting
more than 20 years, the tumor was diagnosed which had the
histological features of ACDAC but which was of low
malignancy, Fuhrman grade 1, pT1a, LOVO. This patient was
subjected to bilateral nephrectomy. In fact, in patients with
ACKD bilateral nephrectomy is rarely indicated. Indications
for bilateral nephrectomy include ACKD patients with com-
plications of ACKD such as intra- and pericystic bleeding,
rupture with retroperitoneal hemorrhage and malignant tran-
sformation. Borras et al. > presented the case of spontaneous
bilateral cyst rupture with retroperitoneal hemorrhage and
hemoperitoneum in the PD patient with ACKD which is an
indication for bilateral nephrectomy. Ghasemian et al. ** pre-
sented experience with bilateral laparoscopic radical
nephrectomy performed in 10 patients with ACKD and renal
lesions suspicious for carcinoma. Our patient had recurrent
(an average of 6 episodes per year) urinary tract infections in
the last 5 years of dialysis treatment, often followed by high
temperature and fever. That was the reason for the repeated
and prolonged antibiotic administration in this patient and
therefore we indicated bilateral nephrectomy.

The duration of kidney disease, less often than the dialysis
itself, can be a more significant determining factor in the deve-
lopment of ACKD and RCC '°. This can explain the develop-
ment of RCC in our female patient after only 4 years of dialysis
therapy; bearing in mind the fact that the patients was treated for
systemic erythematous lupus in the previous 21 years with vari-
ous immunosuppressive drugs (cyclophosphamide, corticostero-
ids), as well as plasma exchanges. RCC diagnostics is extremely
rare in patients with SLE. Hematological neoplasms are often
observed in these patients; especially lymphomas and lung car-
cinoma, as well as hormone-dependant breast and uterus car-
cinomas »°. Patients with SLE also demonstrate multiple de-
fects in both humoral and cellular immunity, so the onset of
lymphoma can be indirectly linked to the onset of the patho-
logical clone of B lymphocyte **. According to the available
literature, only two cases of RCC diagnostics in patients with
systemic lupus have been published so far */

Moderately impaired kidney function may be an inde-
pendent risk factor for cancer in older men with a graded inc-
rease in the risk as glomerular filtration rate (GFR) decli-
nes **. This group of patients has the higher mortality of liver
cancer, kidney cancer and urinary tract cancer »’. In our pati-
ent 2, RCC developed after only 2 years of dialysis therapy,
which could be explained by the fact that the patient was 76
years old man at the time of the diagnosis.

The prognosis for dialysis patients with the diagnosed
RCC is better than in nonuremic patients with RCC, due to
the low incidence rate of metastatic abnormalities '. All the
three of our patients had organ-limited disease at the time of
the diagnosis without any signs of nodal or distant metastases,
and they did not require additional therapy after surgical trea-
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tment. The patients were regularly examined, and in the
follow-up period, which was 6 months in the patient 3, and up
to 7 years in the patient 1, no RCC recurrence or dissemination
was diagnosed.

Conclusion

This report on the 3 patients on hemodialysis with
acquired multiple renal cysts shows that hemodialysis duration
of more than 10 years, older age, and duration of treatment of

kidney disease that led to end-stage renal disease may be pre-
disposing factors for the development of renal cell carcinoma.
The outcome of surgically treated patients on maintenance
hemodialysis with the diagnoses of renal cell carcinoma is
usually good because acquired cystic kidney disease-
associated carcinomas are of low pathological stage.

Acquired cystic kidney disease represents a predisposing
factor for the development of renal cell carcinoma in dialysis
patients and requires regular ultrasound examinations of the
abdomen aimed at the early diagnosis of malignancies.
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Abstract

Introduction. Primary mucosal melanoma of the sinonasal
tract is a rare neoplasm, accounting for less than 1% of all
melanomas. It has an aggressive and unpredictable biologic be-
havior characterized by frequent incidence of local recurrence,
local and distant metastasis of the disease. Case report. This
report summarizes the results of the previous research con-
cerning sinonasal mucosal melanoma, and by the example of
the two patients suffering from mucosal melanoma, we de-
scribed clinical and histopathological features of this rare neo-
plasm and our experience in its diagnosis and treatment. Con-
clusion. Only histopathological analysis complemented by
immunohistochemical analysis contributes to eatly and accurate
diagnosis of the disease.

Key words:

melanoma; nose; paranasal sinuses; diagnosis;
neoplasms staging; oral surgical procedures;
radiotherapy; treatment outcome; prognosis.

Apstrakt

Uvod. Primarni mukozni melanom nosnosinusnog regio-
na je retka neoplazma i ¢ini svega 1% svih melanoma. Bio-
losko ponasanje melanoma karakteri$e agresivan i nepred-
vidiv rast, ¢esti lokalni recidivi, lokalne i udaljene metasta-
ze. Prikaz bolesnika. Rad sumira rezultate prethodnih
studija mukoznog melanoma nosnosinusne sluznice, a
kroz prikaz dva bolesnika opisane su klinicke i patohisto-
loske karakteristike ove retke neoplazme i nasa iskustva sa
dijagnostickim i terapijskim postupcima. Zaklju¢ak. Nasi
rezultati pokazuju da patohistoloske i imunohistohemijske
analize doprinose postavljanju rane i ta¢ne dijagnoze ovog
oboljenja.

Kljucne reci:

melanom; nos; paranazalni sinus; dijagnoza;
neoplazme, odredivanje stadijuma; hirurgija, oralna,
procedure; radioterapija; leCenje, ishod; prognoza.

Introduction

Mucosal melanoma is a rare neoplasm accounting for
less than 1% of all melanomas. However, head and neck re-
gion is the most frequent primary site for mucosal melano-
mas and consists of 55.4% of all mucosal melanomas.
Among head and neck anatomical locations, sinonasal tract
is the most common primary site for this malignancy .
Primary sinonasal mucosal melanoma is a rare entity, which
constitutes about 1.5-9% of all malignancies in this site %
In an exhaustive review, Manolidis and Donald ° found
1,000 cases reported in the literature up to 1997.

The etiopathogenesis of this form of melanoma is poorly
understood. It is clear, however, that sinonasal mucosal melanoma
is derived from melanocytes present in the mucosa of nasal
cavity > *°. Approximately 80% of sinonasal melanomas are beli-
eved to occur in the nasal cavity, whereas about 20% originate in
the sinuses. According to the available literature the most frequent
primary site is the lateral wall of the nasal cavity (inferior and
middle turbinate), and then nasal septum **. Epistaxis and unilate-
ral nasal obstruction are the most frequent presenting symptoms,
in the most reported series. Pain and deformities in the face region
with proptosis, diplopia and epiphora rarely occur (in 9-12% of
cases) most frequently in advanced stages of the disease *°.
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One of the difficulties in diagnosing mucosal melanoma
relates to its clinical rarity and variable histological presentation.
In histopathological sense, especially in case of amelanocit lesi-
ons, differential diagnosis includes other epithelial and
mesenchymal tumors ®”. One of the key histologic features of
melanoma is the identification of intracellular melanin. Hence,
crucial for making an accurate diagnosis of mucosal melanoma
is immunohistochemical staining analysis for S-100, HMB-45,
Melan-A, microphthalmic transcription factor, tyrosinase Mart-1
&7 In other words, immunohistochemistry is invaluable in ma-
king an accurate diagnosis 2"

The staging system for mucosal melanoma has not been
well established. Therefore, oncologists use different systems
to stage mucosal melanoma *®. Some are considered that the
current American Joint Committee on Cancer (AJCC) si-
nonasal staging system should be the primary staging system
for patients with mucosal melanomas of the sinonasal tract %
Widely used is Ballantyne’s clinical staging system: the lesi-
ons confined to the primary site — stage I, regional cervical
lymph node involvement — stage Il, distant metastasis — stage
111 & According to Ballantyne’s clinical staging system, 76—
95% of patients with mucosal melanomas of the sinonasal
tract present with stage | disease “%°.

In the recent literature there are numerous controversies
concerning treatment of mucosal melanoma 2 **°. In view of
this locally aggressive growth pattern, even seemingly early,
localized lesions may require radical surgery with planned re-
construction for optimal tumor control. The treatment of choi-
ce in mucosal malignant melanoma is radical craniofacial re-
section followed by radiotherapy, particularly in cases of small
or doubtful radically reseced surgical margins > °*°. Postope-
rative radiotherapy is usually considered for the majority of
patients with sinonasal mucosal melanoma ***2 Management
of disseminated melanoma includes adjuvant and palliative
chemotherapy, in an effort to improve systemic disease control
and survival ***2 In one pooled analysis from five different
case series, patients with nasal mucosal melanoma had a 31%
5-year survival rate, whereas sinus melanoma patients had a
0% 5-year survival rate ™.

We presented two cases suffering from primary mucosal
melanoma of the sinonasal region taken from our own
experience in diagnosis and treatment of this rare disease. Clini-
cal information retrieved included demographic data, presenting
symptoms, results of diagnostic procedures, staging, treatment
and outcome. The two patients were retrospectively staged ac-
cording to the Ballantyne’s clinical staging system and to the
AJCC staging system for sinonasal tumors ® **. All the available
clinical information, such as clinical presentation, radiological da-
ta, and intraoperative findings, were used for staging purposes.

Case report

Case 1l

A female patient, 82-year-old presented with com-
plaints of persistent unilateral nasal congestion for 6 months.
She had also been noticing blood streaks in her mucus for

several weeks. Clinical examination revealed a proptosis, na-
sal deformity and large grayish-black solid mass within the
left nasal cavity (Figure 1).

Fig. 1 — Tumor in the left nasal cavity.

A biopsy was obtained and the sample was sent for histopa-
thological analysis. Computed tomography (CT) scan showed
an enhancing mass invading the left nasal cavity, left maxillary,
ethmoidal and frontal sinus, with destruction of the left medial
orbital wall (Figure 2).

Fig. 2 — Axial computed tomography (CT) im;ge showed an
enhancing mass invading the left ethmoid sinus.

CT scan also showed enlarged regional lymph nodes. Histopat-
hological findings were as follows: tumor composed by a cohe-
sive nodule and small nests of tumor cells that have a “pushing”
or “expansile” pattern of growth. Tumor cells were of epitheloid
type. The cell population was polymorphous, with appearance
of cellular enlargement, nuclear enlargement, variation in nucle-
ar size and shape, hyperchromatism, prominent nucleoli, high
mitotic count. Immunohistochemistry analysis were : tumor cells
positive for CK 7, EMA, S-100, HMB-45 (Figure 3). Antibodies,
CK 7 and endomysial antibodies (EMA) were not essential for di-
agnosis. According to imunohistochemical analysis we confirmed
the diagnosis of mucosal melanoma. Meanwhile, a CT scan of
thorax showed a distant metastasis in the lung. The findings indi-
cated stage Ill, T3N2aM1. Taking into consideration the age,
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Fig. 3 — Mucosal melanoma, histopathological findings with imunohistochemical analysis.
a) HE, x200; b) Diffuse cytoplasmic positivity for S-100 (anti- S 100, x 200); ¢) Diffuse cytoplasmic positivity for HMB-45
(anti-HMB 45, x 200).

advanced stage of the disease (unresectable primary tumor), the
presence of regional and distant metastasis, the treatment consis-
ted of radiotherapy. The patient received paliative chemotherapy,
but the prognosis was very poor.

Case 2

A 75-year-old male patient presented with complaints of
persistent unilateral nasal congestion and nose bleeding for 1
month. Clinical examination revealed a proptosis soft reddish
mass on the interior floor of the nasal cavity, partially obstruct-
ing the nasal cavity, with adhesion to the nasal septum and in-

ferior turbinate. A biopsy was obtained and the sample was
sent for histopathological analysis. CT scan showed a tumor
on the floor of the left nasal cavity, with adhesion to the nasal
septum and inferior turbinate (Figure 4). Histopathological
findings revealed tumor cells of epitheloid type. The cell po-
pulation was polymorphous with the appearance of cellular
enlargement, nuclear enlargement, variation in nuclear size
and shape, hyperchromatism, prominent nucleoli, high mito-
tic count. We performed immunohistochemical analysis and
the positive immune response was present at the antibodies
S-100 and HMB 45 (Figure 5). According to the clinical
examination and immunohistochemical analysis we confirmed

Fig. 4 — Axial computed tomography (T) iage showed tumor in the left nasal cavity, with the adhesion to the
nasal septum and inferior turbinate.

Fig. 5 — Mucosal melanoma, histopathological fin

a) HE, x200; b) Cytoplasmic positivity for S-100 (anti-S 100, x200);
¢) Cytoplasmic positivity for HMB-45 (anti-HMB 45, x 200); d) HE, x200.
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the diagnosis of mucosal melanoma of the nasal cavity. The fin-
dings indicated stage I, TINOMO. Taking into consideration the
stage of the disease, the patient underwent medial maxillectomy
and partial septectomy (Figure 6). The final pathology con-
firmed the diagnosis of sinonasal melanoma. The patient was
followed-up fur ther. At a 3-month follow-up, the patient
showed no evidence of local reccurence. Then he was receiving
postoperative radiotherapy.

Fig. 6 — Medial maxillectomy and partial septectomy in
patient with mucosal melanoma in the nasal cavity.

Discussion

Primary mucosal melanoma of the sinonasal tract has an
aggressive and unpredictable biologic behavior characterized by
frequent incidence of local recurrence, local and distant metasta-
sis of the disease, despite radical surgical resection 7. Many
studies have noted a long time from the appearance of symp-
toms to evaluation by health care professionals from several
weeks to as long as 1-5 months *’. The exact origin is often dif-
ficult to ascertain due to anatomic limitations and, for older pati-
ents, due to lack of fiberoptic endoscopy and accurate modern
anatomic and radiologic diagnostic techniques 2 °. Because of
its hidden location and rich vascularization, mucosal melanoma
is usually diagnosed at a more advanced stage. In a review by
Manolidis and Donald °, 18.7% of patients with malignant mu-
cosal melanoma of the head and neck presented with lymph
node metastasis while other reported series showed 26% to 52%
2310 The pathologic diagnosis of melanoma hinges on the iden-
tification of intracellular melanin °. In histopathological sense,
especially in case of amelanocit lesions, differential diagnosis
includes other epithelial and mesenchymal tumors ®’. Immuno-
histochemical staining analysis for S-100, HMB-45, Melan-A,
microphthalmic transcription factor, tyrosinase Mart-1 are often
required to diagnose malignant melanoma *® ”. Histopathologi-
cal features of this neoplasma are as follows: tumor site,
specimen, specimen integrity, specimen size, tumor focality,
tumor size, maximal tumor thickness, growth phase, histologic
type, margins, lymph-vascular invasion, perineural invasion,
lymph nodes with metastases ® " **. Pathologically, fewer mito-
ses and the absence of ulceration predict better outcomes and
should be reported as part of routine histological profiles of mu-

cosal melanoma *°. Prasad et al. ** defined microstaging classifi-
cation based on histological findings on level I as mucosal me-
lanoma in situ (without invasion of the lamina propria or with
only microinvasion), level 1l as invasion into the lamina propria
only, and level 111 as invasion into deep tissue structures, such as
bone, muscle, and cartilage.

There are no randomized trials studying treatment modali-
ties such as surgery, radiotherapy, or chemo and immunotherapy
specifically in mucosal melanoma *® * ** % Unfortunately,
complete resection achieving melanoma-free margins is often
difficult in primary mucosal melanoma of the sinonasal tract be-
cause of the close proximity of critical anatomic structures *
1015 This likely contributes to the high local recurrence rate,
which has been reported to be 50-90% >*'. A study by Dauer et
al. ® which included 61 patients in the period from 1953 to 2003
showed that 50% of patients, despite radical surgical excision,
experienced local recurrence. To date, there is no consensus re-
garding the indications for postoperative radiation therapy, al-
though most authors agree regarding its use in patients with
positive and close margins, especially as these have been re-
cently identified as negative prognostic factors ***** " In a
review of 69 patients with mucosal melanoma, Temam et al. *2
found that the local control rates were 26% with surgery alone
and 62% with postoperative radiation therapy, even though the
individuals in the radiotherapy group had much more locally
advanced tumors. A considerable morbidity in high doses of
radiotherapy to the head and neck region, requires new radio-
graphic modalities with better precision **2%,

Chemotherapy/immunotherapy is usually used with an
adjuvant or palliative intention. Combination chemotherapy
or biochemotherapy results in higher response rates, in the
range of 35-45%, but is associated with significant toxicity
and has not been proven to increase overall survival . Ac-
cording to Monolidis and Donald ° patients with nasal muco-
sal melanoma have a 31% of 5-year survival rate, whereas
sinus melanoma patients fare poorly, with a 0% rate of 5-
year survival. One of the prognostic factors is the problem of
local recurrence. Of 484 patients in 14 series, 258 (53,3%)
patients had local recurrence * # ™ *°, Shuman et al. *° re-
viewed 52 patients with mucosal melanoma of the head and
neck and they demonstrated extremely poor prognosis
among patients presenting with advanced primary disease or
regional and/or distant metastases.

Conclusion

Primary mucosal melanoma of the sinonasal region is a
rare neoplasm with variable clinical and histopathological pres-
entation, invasive growth, frequent local recurrence and poor
prognosis despite the implementation of adequate treatment mo-
dalities. Immunohistochemical analysis in histopathological di-
agnosis contributes to early and accurate diagnosis of mucosal
melanoma. Most frequent controversies regarding treatment
modalities are negative surgical margines, reconstruction of sur-
gical defects and role of radiotherapy. Its location and relatively
nonspecific features frequently delay diagnosis, and its rarity
avoids an optimal treatment guideline setting.
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Conservative treatment of bronchobiliary fistula evaluated with

magnetic resonance imaging

Konzervativno lecenje bronhobilijarne fistule procenjivano magnetnom

rezonancom
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Abstract

Introduction. Bronchobiliary fistula (BBF) is a pathologi-
cal communication between the bronchial system and the
biliary tree that presents with bilioptysis. Many conditions
can cause its development. There is still no optimal ther-
apy for BBF. Conservative treatment is rarely indicated, as
was published before in a few cases. Case report. We pre-
sented a 71-year-old Caucasian Serbin woman with BBF
secondary to previous laparotomy due to multiple echino-
coccus liver cysts. The diagnosis was established by the
presence of bilirubin and bile acids in sputum and mag-
netic resonance cholangiopancreatography (MRCP). A re-
peat MRCP performed after conservative procedure, did
not reveal fistulous communication. Conclusion. We sug-
gest that in small and less severe fistulas between the bil-
iary and the bronchial tract, conservative treatment may be
used successfully, and invasive treatment methods are not
needed in all patients.

Key words:
bronchial fistula; biliary fistula; diagnosis; magnetic
resonance imaging; drug therapy.

Apstrakt

Uvod. Bronhobilijarna fistula (BBF) predstavlja patolosku
komunikaciju izmedu bronhijalnog sistema i bilijarnog trak-
ta koja se prezentuje bilioptizijama. Mnoga stanja mogu iza-
zvati njen nastanak. Jo§ uvek ne postoji optimalna terapija
za BBF. Konzervativno lecenje je retko indikovano i pred-
hodno je objavljeno samo kod nekoliko bolesnika. Prikaz
bolesnika. Prikazali smo zenu, staru 71 godinu, sa BBF ko-
ja je nastala nakon predhodne laparotomije zbog multiplih
chinokoknih cisti jetre. Dijagnoza je postavljena na osnovu
prisustva bilirubina 1 Zu¢nih kiselina u sputumu i na osnovu
holangiopankreatografije primenom magnetne rezonance
(MRCP). Ponovljenim MRCP nakon konzervativnog lecenja
nije potvrdeno prisustvo fistulozne komunikacije. Zaklju-
¢ak. Kod manjih i nekomplikovanih fistula izmedu bilijar-
nog i bronhijalnog trakta, konzervativno lecenje moze biti
uspesno. Stoga, invazivne metode lecenja nisu neophodne

kod svih bolesnika.

Kljucne reci:

fistula, bronhijalna; fistula, bilijarna; dijagnoza;
magnetna rezonanca, snimanje; leCenje lekovima.

Introduction

Bronchobiliary fistula (BBF) is defined as the passage
of bile in the bronchi and the presence of bile in sputum
(bilioptysis). The most common causes are trauma, bile duct
obstruction, and liver infections such are hydatid cysts, echi-
nococcosis, or amebic abscess '. It can occur, rarely, in the
congenital form *. Therapeutic options include surgical repair
or minimal invasive teatments such are nasobiliary drainage,
endoscopic retrograde cholangiopancreatography (ERCP)
(endoscopic sphincterotomy and biliary stenting) and percu-

taneous drainage. Herein, we described a patient with BBF
after liver echinococcosis treated conservatively.

Case report

A 71-year-old Caucasian Serbian woman was admitted
to our hospital with a 2-month history of bilioptysis. The pa-
tient had the history of laparotomy one year previously beca-
use of multiple echinococcus liver cysts. Pericystectomy was
done with omentoplasty and cholecystectomy. Eight months
after the operation an abdominal ultrasound revealed fluid

Correspondence to: Tatjana N. Adzi¢-Vukicevié, Faculty of Medicine, University of Belgrade, Clinic for Pulmonology, Clinical Centre of
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collection in the liver. Percutaneus ultrasound-guided drainage
was performed with daily drainage of 150-200 mL of green-
yellowish content. Intravenous antibiotic therapy was applied in
a few days followed with oral therapy. Two months after cathe-
ter droppage, the patient noticed green-yellowish sputum simili-
ar to previously drained content. Physical examination revealed
fever (38°C), and decreased breath sound over the right basal
lung fields. The sputum output range was 50-75 mL/day.
Laboratory tests findings showed the elevated sedimentation ra-
te of 70 mm/1h (normal less than 30 mm/h) increased levels of
aspartate aminostransferase (AST) 39 U/L (normal < 37 U/L),
alkaline phosphatase 370 U/L (normal 40—120 U/L) and gamma
glutamyl transferase (GT) 736 U/L (normal < 55 U/L). A chest
radiograph showed right pleural effusion (Figure 1). Fiberoptic
bronchoscopy was normal. Sputum samples detected the pre-
sence of bilirubin and bile acids in concentration of 14 pmol/L
(normal serum total bilirubin < 17.1 umol/L, direct < umol/L 5,
bile acids < 12 umol/L) (Figure 2), while sputum and blood cul-
tures were negative. ERCP was not successful in selective canu-
lation of common bile duct, so we could not visualize biliary
system. Magnetic resonance  cholangiopancreatography
(MRCP) showed micro fistula between the intrahepatic bile
ducts and the right pleural space (Figure 3). The patient was tre-
ated with antibiotics (cephalosporin of the third generation with
metronidazole) and saline solutions intravenosly in seven days.
Bilioptysis disappeared after 5 days and the patient was dis-
charged from the hospital in good clinical condition. Follow-
up MRCP performed nine months later did not reveal any fi-
stulous communication (Figure 4). Control chest radiograph
made two years after was normal.

-

Fig. 1 — Chest radiograph showed right pleural effusion.

Discussion

This case is interesting to clinicians for showing that con-
servative antibiotic treatment after percutaneus drainage could
be successful in the treatment of BBF, alleviating the need for
more invasive management.

BBF represents an abnormal communication between the
biliary system and bronchial tree. The most common causes for
BBF in Western countries are bile duct obstruction due to cho-

Fig. 2 — Sputum samples.

;:;“-0".
Fig. 3 — Magnetic resonance cholangiopancreatography find-
ing showed a fistula between the intrahepatic bile ducts and
the right pleural space.

Fig. 4 — Magnetic resonance cholangiopancreatograph re-
peated 9 months later showed no fistulous communication.

ledocholithiasis, malignancy, trauma or postoperative complica-
tions of hepatobiliary surgery *~. In developing countries, echi-
nococcal cysts, amebiasis, pancreatitis and tuberculosis are the
most prevalent causes®’. BBF can be iatrogenic after
radiofrequency ablation for liver metastases or congenital >*
Pathogenesis of BBF includes two mechanisms, biliary obstruc-
tion that produces the inflammatory process in the subdiaphra-
gmatic space and rupture towards the bronchial tree °. The diag-
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nosis of BBF is established by the presence of bile in sputum.
Bilioptysis is pathognomonic of BBF. The radiographic fin-
ding includes pleural effusion with pneumonic consolidation
as in the presented patient. Different diagnostic imaging inves-
tigations are useful in visualization of fistula such are percuta-
neous transhepatc cholangiography ERCP, MRCP, T-tube
cholangiography, fistulography, bronchoscopy or bronchography,
hepatobiliary iminodiacetic acid scyntigraphy '™"". The main aim
of BBF is to reduce the inreased intrabiliary pressure in order
to facilitate bile flow to the duodenum. Conservative, minimal
invasive and surgical methods are used in the treatment of
BBF. Conservative treatment can be used in small, not com-
plicated cases. It includes antibiotic therapy and somatostatin or
its analogues. Somatostatin or analogues, reducing the pancrea-
tic and bile secretion, are the most commonly used in the treat-
ment of acute or chronic pancreatitis complicated by the pancre-
atic-pleural fistula. The use of octreotide in BBF management
has been described in the literature . Biliary decompression
may be obtained by the following methods of the minimal inva-
sive treatment such as nasobiliary and percutaneous transhepatic
drainage "', In our patient after liver collection occured, we
decided to use ultrasound-guided percutaneus drainage. Percu-
taneus drainage was successful with daily drainage of 150-200
mL of green-yellowish content. Two months after catheter
dropped and a new one was not replaced. Until the presence of
biloptysis, the patient did not visit the doctor. On the other hand,
in cases of large, persistent fistulas and non-effective non-
invasive treatment, surgery is needed. The type of surgical pro-

cedure depends on etiology, location and complications of BBF.
The following surgical procedures such as drainage of right
subphrenic or hepatic abscess, closure of the fistula, resection of
hydatid cyst, biliary drainage using T-tube and bilioenteric anas-
tomoses are performed in BBF **®, In cases of diaphragmatic,
pleural, bronchial or pulmonary damage, closure of the diap-
hragm, pleural drainage, decortication or different pulmonary
resections are used .

In the presented patient ERCP was performed without suc-
cessful selective canulation of biliary tree, therefore we decided
to treat our patient conservatively. Reduced biliary pressure after
bilioptysis associated with antibiotic therapy could facilitate hea-
ling and closing of BBF. It is probably, because the described fi-
stula was small. Somatostatin was not used in the presented pa-
tient, as was published before '*.

The clinical course of our patient improved. MRCP per-
formed nine months later was without fistulous communication.

Early diagnosis is mandatory because of serious complica-
tions such are chemical pneumonitis, pneumonia or necrotizing
bronchitis '°.

Conclusion

We suggest that in small and less severe fistulas between
the biliary and the bronchial tract, conservative treatment may
be used successfully, and invasive treatment methods are not
needed in all patients. Accurate therapeutic approach should be
a key factor of management.
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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 (up 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 considera-
tuion of the subject, nor data or conclusions from the work being re-
ported.

Methods. The selection of study or experimental subjects (patients or
experimental animals, including 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.

Examples of references:

Jurhar-Pavlova M, Petlichkovski A, TrajkovD, Efinska-Mladenovska O,
Arsov T, Strezova A, et al. Influence of the elevated ambient temperature
on immunoglobulin G and immunoglobulin G subclasses in sera of Wis-
tar rats. Vojnosanit Pregl 2003; 60(6): 657-612.

DiMaio VJ. Forensic Pathology. 2nd ed. Boca Raton: CRC Press; 2001.

Blinder MA. Anemia and Transfusion Therapy. In: Ahya NS, Flood K,
Paranjothi S, editors. The Washington Manual of Medical Therapeutics, 30th
edition. Boston: Lippincot, Williams and Wilkins; 2001. p. 413-28.

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

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.

Lllustrations

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 publication, 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 typed on a separate page, with Arabic
numbers corresponding 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 symbols

Use only standard abbreviations. Avoid abbreviations in the title and

abstracts. The full term for which an abbreviation stands should precede
its first use in the text.

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

Vojnosanitetski pregled (VSP) objavljuje radove koji nisu ranije nigde objav-
ljivani, niti predati za objavljivanje redosledom koji odreduje uredivacki od-
bor. Svaki pokusaj plagijarizma ili autoplagijarizma kaznjava se. Prilikom
prijave rada u sistem elektronskog uredivanja ,,Vojnosanitetskog pregleda“
neophodno je priloziti izjavu da su ispunjeni svi postavljeni tehnicki zahtevi
ukljucujudi 1 izjavu koju potpisuju svi autori da rad nije ranije ni u celini, niti
delimi¢no objavljen niti prihvaéen za Stampanje u drugom ¢asopisu. Izjavu o
pojedinacnom doprinosu svakog od autora rada potpisanu od svih autora, tre-
ba skenirati i poslati uz rad kao dopunsku datoteku. Takode, autori su obave-
zni 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. Za objavljene radove VSP zadrzava
autorsko pravo. Primaju se radovi napisani samo na engleskom jeziku.
VSP objavljuje radove samo autora koji su pretplaceni na ¢asopis u go-
dini podnosenja rada za objavljivanje. Pretplata je obavezna za svakog
autora/koautora ¢iji rad ude u postupak recenzije.

Od 1. januara 2012. godine Vojnosanitetski pregled presao je na
e-Ur: Elektronsko uredivanje ¢asopisa.

Svi korisnici sistema: autori, recezenti i urednici moraju biti registro-
vani jednozna¢nom e-mail adresom. Registraciju je moguce izvrSiti na:

http://aseestant.ceon.rs/index.php

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
o kojoj piSu), aktuelne teme, metaanalize, kazuistika, seminar prak-
ticnog lekara, ¢lanci iz istorije medicine, li¢ni stavovi, naruceni ko-
mentari, pisma uredni$tvu, izvestaji sa nauénih i struénih skupova, pri-
kazi knjiga 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 em. Koristi-
ti font veliine 12, a nacelno izbegavati upotrebu bold i italic slova, koja
su rezervisana za podnaslove. Originalni ¢lanci, opsti pregledi i metaanali-
ze 1 Clanci iz istorije medicine ne smeju prelaziti 16 stranica (bez priloga);
aktuelne teme — deset, seminar prakti¢nog lekara — osam, kazuistika — Sest,
prethodna saopstenja — pet, a komentari i pisma uredniku — tri, izvestaji sa
skupova i prikazi knjiga — dve stranice.

U celom radu obavezno je koris¢enje medunarodnog sistema mera
(SI) i standardnih medunarodno prihvaéenih 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 gra-
ficke programe za Windows, pozeljno iz programskog paketa Micro-
soft Office (Excel, Word Graph). Kod kompjuterske izrade grafika
izbegavati upotrebu boja i senéenja 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 uredni-
ka/recenzenata dostavljaju se autoru radi kona¢nog oblikovanja. Pre ob-
jave, rad se upucuje autoru odredenom za korespodenciju na konaénu
saglasnost.

Priprema rada

Delovi rada su: naslovna strana, apstrakt sa kljuénim re¢ima,
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: *, ¥,
LT *51,.

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

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

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

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

Zakljudak). Ispod apstrakta, ,,Klju¢ne re¢i* sadrze 3—10 kljuénih 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
o kome se izvestava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih
metoda (ispitanici ili eksperimentne Zzivotinje, ukljucuju¢i kontrolne).
Identifikovati metode, aparaturu (ime i adresa proizvodaca u zagradi) i
proceduru, dovoljno detaljno da se drugim autorima omogu¢i reproduk-
cija rezultata. Navesti podatke iz literature za uhodane metode, ukljucu-
juéi i statisticke. Ta¢no identifikovati sve primenjene lekove i hemika-
lije, ukljuCujuéi genericko ime, doze i nacine davanja. Za ispitivanja na
ljudima i zivotinjama navesti saglasnost nadleznog eti¢kog komiteta.

Rezultate prikazati logickim redosledom u tekstu, tabelama i ilustra-
cijama. U tekstu naglasiti ili sumirati samo znacajna zapazanja.

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

Literatura

U radu literatura se citira kao superskript, a popisuje rednim broje-
vima pod kojima se citat pojavljuje u tekstu. Navode se svi autori, ali
ako broj prelazi Sest, navodi se prvih Sest i ef al. Svi podaci o citiranoj
literaturi moraju biti ta¢ni. 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, ne-
objavljenih radova, sluzbenih i poverljivih dokumenata. Radovi koji
su prihvaceni za $tampu, ali jo§ nisu objavljeni, navode se uz dodatak
,,u Stampi““. Rukopisi koji su predati, ali jo§ 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. Vojnosanit
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, Mijuskovi¢ 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 ef-
fort 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 pojavljivanja, 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, obave-
zno ih navesti kao i svaki drugi podatak iz literature.

Tlustracije

Slikama se zovu svi oblici grafickih priloga i predaju se kao dopunske dato-
teke u sistemu aseestant. Slova, brojevi i simboli treba da su jasni i ujednaceni,
a dovoljne veli¢ine da prilikom umanjivanja budu ¢itljivi. Slike treba da budu
jasne i obeleZene brojevima, onim redom kojim se navode u tekstu (SL 1; SI. 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 objasnjavanje pojedi-
nog dela ilustracije, svaki pojedinacno treba objasniti u legendi. Za fotomi-
krografije navesti metod bojenja i podatak o uvecanju.

Skracenice i simboli

Koristiti samo standardne skracenice, izuzev u naslovu i apstraktu. Pun
naziv sa skracenicom u zagradi treba dati kod prvog pominjanja u tekstu.

Detaljno uputstvo moZe se dobiti u redakciji ili na sa-
jtu:www.vma.mod.gov.rs/vsp
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