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The title page of the first journal volume in Latin

JpyUITBa OCHOBaHOT 1872. roguHe, NpBM NyT WTaMnaH 1874. rogune,

y KojeM ce 06jaBbyjy pasoBu €wiaHoBa CpIICKOT JIeKapCKOT ApYyIITBa,
MIPETTIIATHMKA YaCOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBibyjy ce: yBOJHMIIN, OPUTMHAIHY PajioOBY, IPETXOHA U KpaTkKa ca-
OINIITEH:A, IIPUKa3y 6O/IECHNKA U CTy4ajeBa, BUJIe0-WIAHIIN, CIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PAJIOBM 3a IIPAKCY, PajIOBY U3
uCTOpUje MeUIIMHE Y je3VKa MeMIIHE, MeIUIIMHCKE eTVKE VI PeryaTOPHUX
CTaHZap/a y MeIMIMHM, M3BEIITaj) Ca KOHTPeca I HayYHMX CKYNOBa, TNYHA
CTaBOBU, HAPYYEHM KOMEHTAPH, MCMA YPENHNUKY, IPUKa3U KIbUra, CTPyIHe
BeCTU, In memoriam n gpyru npuao3mu.

CBU PyKOIICH KOji Ce pa3MaTpajy 3a ITamiame y ,,CPIIcKkoM apX1By 3a
1e/IOKYITHO IeKapCTBO He MOTY Jia Ce IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyruM MecTuMa. PajioBy He cMejy fia Oy/y peTXOHO ITaM-
TIaHM Ha IPYTUM MeCTUMA (IeIMMIIHO M/ Y IOTIIYHOCTH).

ITpucneny pykormc Ypehusauku o6op mame perieH3eHTIIMa pajiyt CTPyYHe
nporieHe. YKONMMKO PelleH3eHTH IIPefIoyKe M3MeHe VI JIONTyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONIOOM JIa YHece TpaykeHe M3MeHe Y TeKCT pajia U
Jla apryMEeHTOBaHO 0OPas/IOKI CBOje Hec/arame ¢ npuMef6amMa peleHseHTa.
KonauHy ofryKy o mpyuxBaramy pajia 3a IITaMITy JJOHOCHU IJTaBHU VI OTOBOPHM
YPEIHUK.

3a o6jaB/beHe paiose ce He ucrahyje XoHopap, a ayTOpcKa Ipasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomvcu u mpunosu ce ve Bpahajy. 3a penpopykuujy mim
IIOHOBHO 00jaB/blBatbe HEKOT CeTMeHTa pajia My6/mMKoBaHor y ,,Cprickom ap-
XVBY" HEOIIXOJIHA je CAIJTACHOCT M37laBayva.

PajioBu ce mTaMmnajy Ha eHITIECKOM j€3UKY Ca KPaTKMM Cafip>KajeM Ha eH-
I7IeCKOM 1 cprickoM jesuky (hupwnia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KIM Cafip)KajeM Ha CPIICKOM U €HITIECKOM je3UKY.

AyTOpyM MpyUXBarajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYITHOT Cajip-
aja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEE ayToOpa I
HIIje HY)XHO 0fipa3 Mulijberba CpIICKOT leKapcKor ApyiuTsa. C 063upom Ha
6p3 HaIpeaK MeUIMHCKe HayqHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy Ipe Hero LITO je KOPUCTE UK Ce Ha Y 0C/Iabajy.
CpIIcKo JTeKapCKo APYLITBO, ypeaHuk uin Ypehusauku ogbop ,,Cprckor ap-
XVBa 32 L[e/IOKYITHO IEKapCTBO He IPMUXBATajy 611710 KAaKBY OATOBOPHOCT 32
HaBOJie y pajioByuMa. PekmaMun matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KUM
(MemMIIMHCKMM) ¥ TIPAaBHUM CTaHAAapAMUMa. PekTaMHI MaTepuja yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBATUTET WM BPEJHOCT OT/IAIIEHOT TPOM3BO/A,
OJJHOCHO TBpJjHbe Ipou3Bohaua.

ITopiHeceHM PYKOIINC IIOIpa3yMeBa fia je HheroBo Iy0mKoBame of1o6puo
OJIrOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpakuBambe 00aB/beHo. VismaBay
ce Hehe cMaTpaTu IPaBHO OrOBOPHMM Y C/Iy4ajy IOJHOLIEHa GUIO KaKBOT
3axTeBa 3a KoMiensanujy. Tpe6a fia ce HaBey CBM U3BOPM UHAHCHPaAKba Pajia.

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomic CPIICKOT IeKapCKOT
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SUMMARY

Introduction/Objective Finite element analysis (FEA) is mathematical method which can be used for
the assessment of biomechanical behavior of dento-alveolar complex.

The objectives were to analyze biomechanical behavior changes of teeth and supporting tissues under
occlusal load in cases of horizontal and vertical alveolar bone loss, to assess potential impact of tooth
displacement and altered stress distribution on further damage, and to evaluate the impact of regenera-
tive periodontal therapy.

Methods Three patient-specific three-dimensional finite element (3D FE) models were developed from the
acquired cone beam computed tomography, comprising the patient’s upper left canine, first and second
premolar, and adjacent bone. Model 1 represented horizontal bone loss. Model 2 included intrabony
defect along distal aspect of tooth #24. Model 3 represented situation six months after the regenerative
periodontal surgery. Displacement, Von Mises, and principal stresses were evaluated through FEA, under
moderate vertical occlusal load.

Results FEA demonstrated that in the model with vertical bone loss significant tooth displacement was
present, even though the clinically evident tooth mobility was absent. Biomechanical behavior and stress
distribution of teeth and surrounding tissues under moderate occlusal load was much more altered in
case with vertical bone loss in comparison with horizontal bone loss. Six months following the regenera-
tive therapy, the values of all evaluated parameters were noticeable reduced.

Conclusion Regenerative periodontal therapy improved the biomechanical characteristics of the affected
teeth and the related periodontal structures.
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INTRODUCTION

Alveolar bone loss is one of the main features
of periodontitis. Bone defects may vary in their
localization, shape, and extent. Generally, bone
destruction may occur in two diverse pat-
terns, as horizontal or vertical bone loss [1].
Horizontal bone loss is the most commonly
seen and it is characterized by the linear re-
duction of bone height around the tooth. The
vertical or angular bone defects are those that
appear in the oblique direction [1]. Deep verti-
cal (intrabony) defects associated with vertical
bone loss are the standard indication for peri-
odontal regenerative therapy [2].

It is evident that tooth with reduced bone
support has compromised occlusal force tran-
sition to the jaws, and the further damage the
residual periodontal tissues may occur [3]. In
cases of horizontal or vertical bone loss dif-
ferent stress distribution may be expected.
However, what is the outcome of these differ-
ences and how much do they affect the tooth?
Would the increased stress level further harm

the remaining periodontal tissues? How high is
the level of stress in the affected supporting tis-
sues if the tooth does not have clinically evident
pathological mobility? There is not enough sci-
entific evidence which could give the answers
to these questions.

Several regenerative procedures aiming at
repairing the lost periodontal tissues, includ-
ing the alveolar bone, periodontal ligament
(PDL), and root cementum are in daily practice
[4]. Although therapy of periodontitis aims to
eliminate the periodontal pockets as the main
collector of subgingival deposits and microor-
ganisms, we are questioning the influence of the
regenerative periodontal therapy on biomechan-
ical behavior of affected dento-alveolar complex.
Literature survey demonstrated that the biome-
chanical aspect of differences between horizontal
and vertical bone loss cases has not been ana-
lyzed and fully understood so far. Furthermore,
benefit in biomechanical behavior after surgical
regenerative treatment has not been analyzed.
Moreover, it has already been pointed out that
clinically evident tooth mobility negatively
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influences the outcome of the regenerative therapy [4].
However, is it also important to analyze the biomechanical
behavior of teeth and related structures in periodontally af-
fected sites without measurable tooth mobility?

Three-dimensional finite element (3D FE) method is a
very powerful tool which can give insight into the biome-
chanical behavior of analyzed dento-alveolar complex. It
has been widely implemented in research related to den-
tistry [5-13].

In this study, the first objective was to analyze the stress
distribution in cases with horizontal and vertical bone loss
with no clinically evident tooth mobility. The goal was to
test the hypothesis that in case of vertical bone loss PDL
and alveolar bone are affected with higher occlusal stress
which could further damage these structures, despite the
fact that tooth mobility was not detected. The second aim
of the study was to investigate whether regenerative peri-
odontal therapy decreases displacement and stress values
in the affected teeth and surrounding tissues. We used
3D FE analysis of three patient specific models developed
from cone beam computed tomography (CBCT) in order
to mimic the clinical situations.

METHODS

A CBCT image of a 38-year-old man was used to cre-
ate a patient specific 3D FE models. The patient was in
good systemic health, nonsmoker, with generalized se-
vere chronic periodontitis. The patient was thoroughly
informed about the purpose of the study and gave his writ-
ten consent before clinical examination. The study was
approved by the Ethics Research Committee of the School
of Dental Medicine, University of Belgrade, Serbia (ethics
approval N° 36/41).

Surgical procedure

Six weeks following the initial periodontal therapy, the
patient underwent a periodontal surgery for the de-
bridement of all periodontal defects with probing depth
> 6 mm. Periodontal clinical parameters were assessed
using a manual periodontal probe graded in millimeters
(PCPUNC-15; HU-Friedy, Chicago, IL, USA): probing
pocket depth (PPD), gingival recession, and clinical attach-
ment level (CAL), whereas only the deepest site per tooth
was reported (tooth #23: PPD = 3 mm, CAL = 2 mm; tooth
#24: PPD = 8 mm, CAL = 8 mm; tooth #25: PPD = 4 mm,
CAL = 3 mm). After application of local anesthesia, in-
trasulcular incisions were performed from the distal as-
pect of the tooth #23 to the distal aspect of the tooth #27.
A full-thickness flap was reflected buccally and palatally.
The denuded roots were thoroughly debrided using ul-
trasonic devices and hand instruments. Exposed roots
were chemically prepared with 24% EDTA gel (PrefGel®,
Biora, Malmo, Sweden and Straumann, Basel, Switzerland)
and rinsed thoroughly with sterile saline before the ap-
plication of enamel matrix derivative (EMD) (Emdogain
gel®, Biora and Straumann). Subsequently, a three-wall

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):268-274

intrabony defect along the distal aspect of tooth #24 was
reconstructed using bovine porous bone mineral gran-
ules (BioOss®, particle size 0.25-1 mm; Geistlich Pharma,
Wolhusen, Switzerland). Flaps were repositioned and
sutured using the standard procedure. A post-operative
visit was scheduled in seven days when the sutures were
removed. Six months following the surgery periodontal
clinical parameters were assessed (tooth #23: PPD = 3 mm,
CAL =2 mm; tooth #24: PPD = 3 mm, CAL =4 mm; tooth
#25: PPD = 3 mm, CAL = 3 mm).

Cone beam computed tomography scanning

Imaging was performed using a high resolution CBCT de-
vice (SCANORA 3Dx, SOREDEX, Tuusula, Finland). The
patient was scanned twice, before periodontal surgery and
six months following the surgical procedure. Examinations
were performed using an 80 x 100 mm field of view,
0.25 mm voxel size, 90 kV tube voltage, and 10 mA tube
current and 2.4 s scanning time. All the scans were stored
in the standard DICOM format for the further analysis.

Finite element analysis
Development of the finite element models

In total, three patient-specific 3D FE models were de-
veloped from the acquired CBCT scans (Figure 1a—c). The
models comprised the patient’s upper left canine, first and
second premolar, and adjacent alveolar bone. For each
tooth, we considered its enamel, dentin, pulp chamber, and
PDL, while the root cementum was neglected. Mimics soft-
ware version 10 (Materialise, Leuven, Belgium) was used
for the reconstruction of the FE models from the CBCT
scans through the following steps. The masks of cortical,
trabecular bone and teeth were generated respectively. The
Mimics STL+ model was used to convert all the masks into
the stereolithography (STL) format. In order to optimize
the quality of the triangle meshes for the further FEA, we
used the REMESH module attached to Mimics software.
At last, by using Geomagic Studio 10 software (Geomagic
GmbH, Stuttgart, Germany) we assembled the extracted
parts into the three models. A PDL as the 200 um-thick
shell was additionally generated. Bone level adjacent to
teeth #23 and #25 did not differ in all three 3D FE models.
Likewise, bone level adjacent to tooth #24 was the same
in Model 1 and Model 3, while the detailed description of
the models is as it follows:

Model 1 represents horizontal bone loss in region #23,
#24, and #25 (Figure la). It was constructed based on the
CBCT scans of the patient’s upper jaw before the surgery
(Figure 1d), but with certain changes, the vertical bone
defect (intrabony defect), which was localized along the
distal aspect of tooth #24, was reconstructed by applying
the properties of cancellous and cortical bone in order to
simulate horizontal bone loss. This model was created in
order to examine the differences in displacement and stress
distribution between the horizontal (Model 1) and verti-
cal (Model 2) bone loss patterns, and to compare with the
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Table 1. Mechanical properties of the modeled
tissues and material

[ Cortical bone |

I Cancellous bone | Elastic Poison
— i Material Modulus .
(MPa) ratio
Pulp [9] 6.8 0.45
Dentin [6] 18.6 X 10° 0.31
Enamel [6] 84.10 x 10° 0.3

PDL[6, 23] 0.68 0.45
BMBP [5] 1.69 x 10 0.3
Cortical bone [15] 13.7 x 10° 0.3
Cancellous bone [15] | 1.37 x 10° 0.3

PDL - periodontal ligament; BMBP - bovine porous
bone mineral (values after six months of healing
period)

Meshing module, the models were dis-
cretized into the very dense and qual-
ity tetrahedron volume mesh (Figure
1k-m). Number of nodes for Model

Figure 1. Overall procedure: a - model 1; b - model 2; c - model 3; d - before surgery; e - six
months after surgery; f — intrabony defect; g - tooth #24 periodontal ligament (model 2);
h - tooth #24 periodontal ligament (model 3); i — bovine porous bone mineral granules; j -
boundary conditions and application of masticatory forces; k, I, m - tetrahedron volume mesh

situation achieved six months following the regenerative
periodontal surgery (Model 3). Hence, bone level adjacent
to tooth #24 was the same in Model 1 and Model 3.

Model 2 represents a patient-specific FE model, gener-
ated by using preoperative CBCT scans (Figure 1d), rep-
resenting an identical situation in the region of interest
before regenerative periodontal surgery (intrabony defect
along the distal aspect of tooth #24 (Figure 1b, f)). PDL was
not modeled on the tooth #24, at the root’s site adjacent to
the intrabony defect (Figure 1g).

Model 3 represents a patient-specific FE model cre-
ated from CBCT scans acquired six months following the
surgical procedure (Figure le). Reconstructed intrabony
defect along the distal aspect of tooth #24 was modeled,
whereas the material properties of bovine porous bone
mineral granules six months following the surgical therapy
was applied [5] (Figure 1c and i). Bone level adjacent to
teeth #23 and #25 did not differ in all three 3D FE models.

In the region of reconstructed intrabony defect 80% of
PDL was created, starting from the bottom of the defect
towards the alveolar crest, based on previous histological
findings when this treatment protocol was applied (Figure
1h) [14].

Meshing and material properties of the tissues

The STL files of the developed models were imported
into the CATIA V5 software (Dassault Systemes, Velizy-
Villacoublay, France) version R20, and converted into
the NURBS surfaces using the Digitized Shape Editor
and Quick Surface Reconstruction modules. The solid
models were further exported to ANSYS software (SASI,
Canonsburg, PA, USA), version 14.5.7, for producing the
FE mesh and structural analysis. By using the ANSYS
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1, Model 2 and Model 3 was 1176135,
1179101, and 1228269 respectively;
while the number of finite elements for
the models was 5684279, 5702597, and
5952010 respectively. All the tissues
were assumed to be homogeneous and linearly elastic.
The values of the Young’s moduli and the Poisson’s ratios
for dental tissues, PDL, cortical and cancellous bone, and
BMBP were taken from the literature (Table 1).

Boundary conditions and calculations

In order to assess the stress distribution (Von Mises, com-
pressive, tensile) and effective displacements, the same
boundary conditions were applied on each model using the
ANSYS Static Structural Analysis module (Figure 1j). The
sides of models that represent cut-off planes from the over-
all maxilla were fixated in all degrees of freedom following
Figure 1j, black color. Masticatory forces were applied on
the buccal and lingual cups of premolars simultaneously
(Figure 1j - red arrows, red color), to gain the resulting
force of 200 N parallel to the long axis of these teeth (ver-
tical load) [15]. Load of 150 N was applied at an angle of
45° to the center of the canine’s palatal surface within the
physiological limitations reported for a canine [15].

RESULTS

The results for the displacement, Von Mises and principal
stresses for all three models are presented on Figures 2-5.

Results in this study showed that alveolar bone loss
patterns may cause differences in the tooth displacement.
Although displacement of tooth without bone resorption
was not tested, it may be notice that the greatest influence
had vertical bone loss before regenerative therapy and the
greatest displacement of all evaluated teeth was detected
in this case (Figure 2). Since the characteristics and the
height of tooth supporting tissues differed only in region
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Figure 2. Displacement, Von Mises, tensile and compressive stress in the teeth and peri-

odontal ligament in all three three-dimensional finite element models
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Figure 3. Displacement, Von Mises, tensile and compressive stress in the tooth #24 in all

three three-dimensional finite element
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of tooth #24 in all three models, this
tooth exhibited the biggest differences
in displacement (Figure 3). Under oc-
clusal force, the tooth inclined toward
bone defect. Displacement of tooth #24
was five times greater in case of verti-
cal bone loss compared to horizontal
bone loss. Moreover, it was noticed that
tooth #25 in Model 2 also exhibited dis-
placement towards the defect adjacent
to tooth #24 (Figure 2). On the other
hand, six months following the surgical
treatment and bone defect reconstruc-
tion, displacement of these teeth signifi-
cantly diminished, but was greater than
the values which were present in case of
horizontal bone loss (Model 1).
Analysis of stresses distribution in
teeth showed significant differences
between Model 1 and Model 2 (Figure
2). Higher values of Von Mises were
seen especially in tooth #24 (Figure 3).
However, six months after the surgery,
the level of stresses was noticeably low-
er. These findings are in agreement with
the results of the teeth displacement.
Assessing alveolar bone in all three
3D FE models showed that Von Mises
stresses had greater magnitudes in
cortical bone when compared to can-
cellous bone (Figures 4 and 5). In all
three models, maximum stress values
were present in narrow zones of alveo-
lar crest (Figure 4). Only in the case of
the vertical bone loss Von Mises stresses
reached maximum values of 76.54 MPa
in alveolar crest at distopalatal aspect
of tooth #24. Evaluation of the buccal
and palatal aspects of maxilla, demon-
strated that buccal plate was affected at
a higher level, and the widest stressed
zone was observed in the case of ver-
tical bone loss (Figure 4). Six months
following the surgery, both buccal and
palatal plates exhibited lower stresses
values, and stress distribution was
similar to that detected in the case of
horizontal bone loss. Figure 5 displays
uniform Von Mises stresses distribution
in cancellous bone for all three mod-
els. Concerning the pattern of bone
destruction, the highest stresses values
in cancellous bone were revealed in the
case of vertical bone loss. The stress was
obviously reduced six months following
the surgery, but did not achieve values
exhibited in the case of horizontal bone
loss. Analysis of the principal stresses
revealed that the in Model 2 (vertical
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Figure 4. Displacement, Von Mises, tensile and compressive stress in cortical bone in all

three three-dimensional finite element
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Figure 5. Displacement, Von Mises, tensile and compressive stress in cancellous bone in all

three three-dimensional finite element

bone loss) tensile stresses were generated in alveolar crest
at mesial aspect of the tooth #24, while the compressive
stresses were noticed on the opposite (distal) aspect of the
tooth. Six months after the surgery, the levels of principal
stresses decreased but remained higher than in Model 1

(horizontal bone loss) (Figure 4).
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Regarding the PDL, the highest Von
Mises stresses was also present in the
case of vertical bone loss, mostly located
on the buccal and mesial aspect of the
tooth #24 root (Figure 2). Six months
following the surgery, the stress mag-
nitude in PDL was obviously reduced
and uniformly distributed, not only in
the case of tooth #24 but in all evaluated
teeth, and reached the values detected in
the case of horizontal bone loss.

DISCUSSION

The present concept and use of com-
puter modeling followed by FEA allows
the insight into the stress transition of
occlusal forces into the alveolar bone. In
this study we were able to visualize the
undetectable values of tooth displace-
ment and to analyze its influence on
stress distribution.

Results of this study supported the
hypothesis that higher stresses are gen-
erated during occlusal load in teeth af-
fected with vertical than in horizontal
bone loss. Also, as it was hypothesized,
regenerative periodontal therapy de-
creased displacement and stress values
in the affected teeth and supporting
periodontal structures. However, it was
demonstrated that six months following
the surgery the magnitude of these values
were still higher than the values detected
in case of horizontal bone loss, although
the coronal level of bone was the same.

Jang et al. [16] using the FEA method
showed that the diverse extent of peri-
odontal bone loss had a greater impact
on biomechanical response. In the pres-
ent study we analyzed tooth displace-
ment which was not clinically detected.
It was demonstrated that, although be-
ing small, tooth displacement affects the
level of principal stresses. Namely, tooth
#24 was “bending” distally towards the
intrabony defect (Model 2) (Figure 3).
Subsequently, tensile stress was gener-
ated on the mesial aspect of adjacent
alveolar crest, while compressive stress
was developed on the distopalatal edge

(Figure 4). In the case of horizontal bone loss (Model 1)

our results showed much lower values of tooth displace-
ment and principal stresses in the bone.

Even though the maximal vertical biting forces in hu-
mans can approach 700 N [17, 18], the moderate physi-
ological occlusal forces in this study (150 N and 200 N)

can cause localized stress concentrations in alveolar bone
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affected by vertical resorption. It was revealed in the study
of Jeon et al. [8] that localized stress concentrations are
closely related with bone resorption. Knowing that yield
stress of 60 MPa may cause harmful effects on cortical
bone in humans [19], detected value of 75.98 MPa would
have detrimental effects on cortical bone and most likely
would lead to further bone resorption. Furthermore, fa-
tigue loadings that are continuous and repetitive can po-
tentially “accumulate” the stress, triggering bone degenera-
tion or resorption [20]. In the study, the highest values of
localized compressive stress were detected at palatal al-
veolar crest adjacent to intrabony defect (Figure 4), which
might be an area of further bone resorption, supported by
bacterial stimulation [21].

In this study, BPBM and EMD were used to promote
periodontal regeneration in the treatment of periodontal
disease. Histological examination in humans showed that
bone defects treated with the combination EMD-BPBM
healed with a new connective tissue attachment and new
bone [22]. These findings were used (and applied) in this
study to create PDL in the Model 3 (Figure 1h). We applied
the values for mechanical properties of BPBM following
the six months healing period, described in the work of
Kwon et al. [5]. They demonstrated that stiffness of BPBM
six months following the surgery (1.69 x 10°) was slightly
greater than cancellous bone (1.37 x 10%). Even though the
new-formed bone (six months following the surgery) was
stiffer than the natural cancellous bone, FEA results showed
that the displacement of the tooth #24 was still greater than
in the Model 1. This is probably the consequence of the lack
of cortical bone in this area, which is much stiffer. However,
stress levels were significantly diminished, especially the
high tensile stress in alveolar crest at the mesial aspect of
this tooth. Thus, we can conclude that even though the
therapy could regenerate bone to approximate level of the
alveolar crest in the case of intrabony defects with favor-
able osseous architecture [4], this study showed that there
is still the weak point at the previously affected site which
is jeopardized in terms of further bone loss (Figure 4).

FE studies showed that in an area with periodontal dis-
ease bone support and PDL area are reduced, and the same
magnitude of occlusal load will cause higher stress in the
PDL [8, 10]. This should be bear in mind, because even the
physiological occlusal loads may result in high stress values
which may contribute to further bone loss. Ona et al. [3]
described in their FE study that bone resorption will reduce
the root area available for support, which may cause an
increase of the maximum stress within the PDL. Results of
our study are in agreement with this finding, as the highest
value of overall stress was detected in PDL of tooth #24 in
the case of vertical bone loss (Figure 2). However, this value
was evidently reduced six months following the surgery
since the root area available for support has been expanded.
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In the present study, using CBCT scans before and after
regenerative therapy was an advantage. Experimental study
with the same study design would be impossible, since
horizontal bone loss, vertical bone loss (intrabony defect),
and reconstructed intrabony defect were simulated in the
same region allowing comparison of the gained results.

It is important to emphasize that the results should
be interpreted with caution due to the study’s limitation.
Namely, as this study is based on computer simulations,
some simplifications were made. Only a nondestructive
static occlusal loading was applied, and the dynamic load-
ing behavior which is present in the oral cavity was not
simulated. Furthermore, aiming to avoid the influences of
load directions only the vertical occlusal forces were evalu-
ated, while horizontal and oblique forces were neglected.

To the best of authors’ knowledge, this is the first study
which provided the basic information of biomechanical
aspects in periodontal tissues regarding the diverse pat-
tern of bone loss, and may serve as s basic template which
could be useful for calculating the effectiveness of different
approaches in regenerative periodontal treatment.

CONCLUSION

This study demonstrated that computer modeling and FEA
can give new information regarding the biomechanical
behavior of periodontal structures when diverse patterns
of bone loss are present. Followed by CBCT, in a patient
specific model, this method revealed significant displace-
ment of periodontally compromised tooth, whereas tooth
mobility was not clinically evident. The tooth displacement
caused high stresses which could be potentially dangerous
in promoting further bone resorption. Resolution of verti-
cal bone defect resulted in reduction of tooth displacement
and significantly lower level of principal stresses in the
bone. However, the magnitude of these values was higher
than the values detected in case of horizontal bone loss,
showing that there is still a weak point at the previously
affected site which is in jeopardy for further bone loss.
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BuomexaHuuKo noHawamwe CTPYKTYpPa AEHTO-a/1B€0/1apHOI KOMMJIEKCa npe U nocne

pereHepaTUBHe Tepanuje napoaoHTonaTuje

Harawwa Hukonuh-Jako6a', MuneHa bapah', Kcenuja 3enuh?, Apco Bykuhesuh®*, foppaHa Josuunh?, Henag Ounnnosuh’,

Mapuja hypuh?

'YHuBep3utet y beorpapy, CromatonoLukm dpakyntet, KnuHyka 3a napofoHToNorujy v opanHy meauumHy, beorpag, Cpbuja;
2Ynusepautet y beorpagy, MeguunHcki dakyntet, MIHCTUTYT 32 aHaToMujy, Jlabopatopuja 3a aHTpononorujy, beorpag, Cpbuja;
3YHuBep3uTet y KparyjesLy, GakynTeT nHxetbepckux Hayka, Kparyjesal, Cpbuja;

*YHusep3uTteT y Kparyjesuy, LieHTap 3a 6uonHxerepuHr, Kparyjesau, Cpbuja

CAXETAK

YBoa/Linm Metop KOHauHNX enieMeHaTta je MaTemMmaTuuky MeTog
KOju Ce MOXKe KOPUCTUTH Y Wby NCMIATUBAkba GrIOMeXaHNuYKor
NoHallarba CTPYKTypa AeHTO-aIBE0STapHOT KOMIeKca.

Linb oBor paga je 6vo ncnutatyi 6MoMexaHUYKO NoHallaHe
3yba, NepnmofoHLjymMa 1 OKOJHE anBeosiapHe KOCTW MogA
[lejCTBOM OKJly3anHuX cuna y cyyajy npucycTsa pasimymimx
TUMNOBa pecopnuyje anBeonapHe KOCTU Npe 1 Nocsie pereHe-
paTvBHe Tepanuje napogoHTonatuje.

Metoa Ha ocHOBY pagnonowKux civka fobujeHrx Komnjyte-
pr30BaHOM TOMOTrpadrjomM KOHYCHOT 3paka KperpaHa cy Tpu
TPOAMMEH3VOHaIHa MaTeMaT/4Ka Mofiena Koja Cy ce cacToja-
Na Of rOpH:Er IEBOT OYHbaKa, MPBOT 1 APYror npemonapa u
OKOJIHe anBeonapHe Koctu. Ha mogeny 1 je npefcraBsbeH Xo-
PU30HTaNHY rybuTaK anBeonapHe koctu. Mogen 2 je cagp»kao
MHbpaKowWTaHn aedeKT Ay JUCTanHe NoBpLUrHe 3y6a #24.
Mogen 3 je npeacTaB/bao cUTyaLmjy WeCT MeceLm nocsne pe-

DOI: https://doi.org/10.2298/SARH200801116N

reHepaTuBHe Tepanuje napofgoHTonatuje. MpumeHom meToga
KOHauYHUX efleMeHaTa n3padyHaTu Cy CTeneH nomepatba 3y6a,
nHTE3UTET 1 AUCTpUbyumja Von Mises n rnaBHVX HamoHa NoA,
AejCTBOM YMepPEHNX OKy3anHNX Cuia.

Pesytatn MeToa KOHauHMX efleMeHarTa je nokasao Aa y Mogesny
Ca BePTUKanHUM rybrTKOM KOCTI NOCTOje 3HauajHa nomepama
3yba ycneq aejcTBa OKny3anHUX cuna, a caMum Tum 1 Behm nx-
TEH3WTET HaMoHa y NePUOAOHLMjYMY U OKOMHO]j anBeonapHoj
KOCTW Yy OJHOCY Ha XOPW30HTaNHu rybutak koctu. LLlect mece-
Ly noc/e pereHepaTMBHe Tepanuje napofoHTonaTuje cTenex
nomepatba 1 HTE3UTETU HanoHa Cy 61AM 3HaTHO CMarbeHN.
3aKspyyak PereHepaTuBHa Tepanuja napofoHTonaTuje ytuye
Ha noborbLuakbe 6oOMeXaHUYKIX KapakTeprcTKa 3y6a, nepu-
OfOHLIMjyMa 1 OKOJTHe anBeosiapHe KOCTH.

KmbyuHe peun: napofoHTonaTtuja; pecopnumja anseosapHe
KOCTU; yCMepeHa pereHepaLmja TKMBa; MeTOA KOHaYHNX ene-
MeHaTa
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Oral health of prosthetic rehabilitated patients with
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SUMMARY

Introduction/Objective Factors such as nature of psychiatric disorder, length of hospitalization and oral-
side effects of psychotropic medications may considerably contribute to high prevalence of oral diseases
among people with schizophrenia, and a consequent need for prosthetic rehabilitation. The aim of this
study was to ascertain the oral health level of prosthetic rehabilitated patients with schizophrenia and
to consider their needs for future improvement of prosthetic rehabilitation.

Methods The study group comprised 52 patients with schizophrenia, hospitalized at the Dr Laza Lazarevi¢
Clinic for Mental Disorders, Belgrade. The control group comprised 52 patients with no psychiatric medical
history, treated at the School of Dental Medicine, University of Belgrade. The oral health indices (Decayed,
Missing and Filled Teeth Index - DMFT, Community Periodontal Index of Treatment Needs — CPITN, and the
Simplified Oral Hygiene Index — OHI-S), socio-demographic characteristics, smoking habits, oral hygiene
habits, and previous dental visits were registered in both groups, as well as medical characteristics of the
primary disease in the study group patients.

Results Fifty percent of the study group patients had partial mobile dentures, while almost 30% had
fixed dentures, in contrast to the control group patients, who prevalently had fixed dentures. In both
groups of patients, a statistical significance was observed between partial mobile and fixed dentures
wearers, in terms of DMFT index, carious teeth, CPI modified, and OHI-S. Similarly, a statistically significant
difference between the groups was observed concerning fixed dentures in terms of carious teeth, filled
teeth, CPI modified, and OHI-S.

Conclusion Multidisciplinary approach is needed for complete oral and prosthetic rehabilitation of this

group of psychiatric patients.
Keywords: prosthetic; schizophrenia; oral health

INTRODUCTION

Physical health of patients with schizophrenia
seems to receive much attention over recent
years because this group of psychiatric patients
has been significantly increasing, and they are
less likely to receive the level of physical-based
care and rehabilitation they need [1]. Also,
studies indicate that positive and negative
symptoms of schizophrenia correlate with poor
quality of life [2, 3]. In addition, the chronic-
ity of the schizophrenia has been attributed to
the undesirable consequences that potentially
devastate oral health [4].

Oral health is an integral part of the general
health. Dental caries that constitutes a signifi-
cant public health problem worldwide is a com-
mon chronic infectious transmissible disease
[5]. Apart from poor oral hygiene and diet (in
particular, sugar-rich food), many other factors
have always been associated with it [5]. Similar
to that, periodontitis is microbe-induced in-
flammatory and multifactorial oral disease,
characterized by inflammation of periodon-
tium and loss of the periodontal attachment

apparatus [6]. In addition, these changes can
lead to serious consequences such as tooth loss
and a lower quality of life [7].

Many studies have shown that people with
schizophrenia are at an increased risk of poor
oral health [8-12]. Factors such as nature of
psychiatric disorder, length of hospitalization
and oral side effects of psychotropic medica-
tions may considerably contribute to high
prevalence of oral diseases among this group of
psychiatric patients, and a consequent need for
prosthetic rehabilitation [8]. However, dental
treatment of people with schizophrenia is not
an easy task, primarily because they avoid regu-
lar visits to dental offices due their financial
situation and a neglected maintaining adequate
oral hygiene [8]. Poor oral hygiene and dental
neglect in this group of psychiatric patients
seems to lead to pain and infection processes,
negatively impacting not only physical health,
but also the quality of life, social functioning,
and self-esteem [9].

According to evidence that persons with
schizophrenia have a higher number of den-
tal carious and missing teeth than the general
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population, with severe form of periodontitis, poor oral
hygiene, and that some of them already have some kind
of prosthetic appliance, the aim of this study was to assess
the oral health of patients with schizophrenia rehabilitated
with prosthetics and to consider options of their needs for
future improvements of prosthetic rehabilitation [8-12].

METHODS
Study population

This cross-sectional study was conducted at the Dr. Laza
Lazarevi¢ Clinic for Mental Disorders, Belgrade (for
the study group patients) and at the School of Dental
Medicine, University of Belgrade (for the control group
of patients), in full accordance with the World Medical
Association Declaration of Helsinki. Also, the approval
from the ethics committees of both medical institutions
was received. All participants or their legal guardians (for
the study group patients) were informed through a special
brochure (concerning the type of the research, data collec-
tion procedure, and other aspects of the study), and they
signed the informed consent form before participating in
any part of the study.

The study group comprised 52 patients with schizophre-
nia (18 males and 34 females, aged 25-67 years; mean age
47.56 * 10.59 years), hospitalized at the Dr Laza Lazarevi¢
Clinic for Mental Disorders, Belgrade. The inclusion criteria
for entering the study group were that the patients were
older than 18 years at the time of the study, diagnosed with
schizophrenia in accordance with the 10th Revision of the
International Classification of Diseases minimum two years
prior to the study, and that they had some kind of oral pros-
thetic rehabilitation at the time of hospitalization. The exclu-
sion criteria for the study group patients were the primary
diagnosis of another mental disorder, hospitalized patients
diagnosed with schizophrenia in the period shorter than
two years from the time of the survey, patients who were not
prosthetic rehabilitated before the study, the simultaneous
presence of severe somatic illnesses or severe disability, and
inability to communicate or the refusal to cooperate.

The control group comprised 52 patients (19 males
and 33 females, aged 19-71 years; mean age 49.10 + 10.99
years), treated at the School of Dental Medicine, University
of Belgrade. They were matched to the study group by the
number of participants, sex, and roughly by age. The inclu-
sion criteria for entering the study were patients older than
18 years at the time of the study, with no medical history
in terms of mental disorders, and also that they already
had some kind of prosthetic rehabilitation. The exclusion
criteria were the diagnosis of any psychiatric or somatic
illness and the use of drugs that can cause oral changes
(antibiotics, antifungals, blood pressure medication, cor-
ticosteroids, diabetes medication, etc.) [13].

A questionnaire for both groups of patients was de-
signed in order to record the socio-demographic char-
acteristics (gender, age, educational level, marital status,
and residence), smoking habits, oral hygiene habits, and
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previous dental visits. The data about schizophrenia in
the study group were taken from the medical records and
included the duration of schizophrenia, number of previ-
ous hospitalizations, and current psychotropic medication.

Clinical examination

All the patients were subjected to the thorough den-
tal clinical examination in accordance with the criteria
recommended by the World Health Organization [14].
The dental clinical examinations were carried out by two
trained and calibrated examiners at the Dr Laza Lazarevi¢
Clinic for Mental Disorders in Belgrade, Serbia, and the
Faculty of Dental Medicine, University of Belgrade, Serbia,
in order to assess the Decayed, Missing and Filled Teeth
Index (DMFT index) [14], Community Periodontal Index
(CPI) modified [14], and Oral Hygiene Index — Simplified
(OHI-S) [15]. In terms of the DMFT index, the examina-
tions were performed in the daylight, using mouth mirror
[14]. In addition, clearly visible lesions with cavities on
tooth surfaces were registered as caries, teeth with only a
change in transparency, but with intact surface and without
cavitation were registered as being healthy [14]. In terms of
CPI modified, the clinical measurements were performed
by using the periodontal CPI probe graded in millimeters
on the sextants, scoring on the scale 0-4. In each sextant,
all teeth were examined and only the highest value for
each sextant was scored and recorded [14]. OHI-S was
composed of two components, the Debris Index and the
Calculus Index. These indexes represented the amount of
debris or calculus found on the preselected surfaces of the
indexed teeth [15].

Statistical analysis

All collected data were organized and evaluated using the
dedicated software (SPSS Statistics, Version 17.0; SPSS Inc,
Chicago, IL, USA) and were analyzed by the descriptive
statistical parameters and regression models. The descrip-
tive statistical methods were represented by the measures
of central tendency (mean and median), measure of vari-
ability (standard deviation and variation interval), and
were expressed in the percentages. The methods for test-
ing the difference of numerical data (DMFT index, CPI
modified, and OHI-S) were represented by the Mann-
Whitney test. For testing the data of different categories
(socio-demographic characteristics, smoking habits, oral
hygiene habits, and previous dental visits), Person’s x> test
was used. The level of significance was set at p < 0.05.

RESULTS

Types of prosthetic appliances in both groups of patients
are shown in Figure 1. Fifty percent of the study group
patients had partial mobile dentures, while almost 30%
had fixed dentures (crowns and/or bridges), in contrast to
the control group patients, who prevalently (76.9%) had
tixed dentures — Figure 1.
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Control group ™ Study group

Fixed denture (crowns and/or 76,9%

bridges)

Partial mobile denture

Total mobile denture

Figure 1. Types of prosthetic dentures in the study group and the
control group

Table 1. Socio-demographic characteristics of the study group and
the control group

X . Obtained values L
Socio-demographic Significance?
vErTE s Study Control (©)

group n (%) | group n (%)
Education:
without school /
elementary school 7 (13.5) 2(3.8)
junior high school 31 (59.6) 16 (30.8)
high school 5(9.6) 11(21.2) 0.007%
university 9(17.3) 23 (44.2) :
Employment:
unemployed
employed 30(57.7) 25 (48.1)
invalid retirement 5(9.6) 14 (26.9)
age or survivor 7 (13.5) 2(3.8) 0.056
retirement 10(19.2) 11(21.2) :
Marital status:
married 6(11.5) 19 (36.5)
divorced/separated 5(9.6) 13 (25)
unmarried/single 40 (76.9) 17 (32.7) 0.000*
widowed 1(1.9) 3(5.8) :
Residence:
own property 18 (34.6) 26 (50)
parents’ property 25 (48.1) 13 (25)
rent or other 9(17.3) 13 (25) 0.005*

*statistically significant;
aPearson’s x* test

The distribution of socio-demographic characteristics
of both groups is shown in Table 1. The statistically sig-
nificant differences between the groups were observed for
education, marital status, and residence status (Table 1).
The educational level of patients with schizophrenia was
lower than that of the control group patients. Furthermore,
the percentage of employees among the study group pa-
tients was significantly lower than that in the control group
(Table 1). Also, most of the study group patients lived with
their parents, in contrast to the control group patients, who
predominantly owned their own homes (Table 1).

In the study group, schizophrenia lasted 17.79 + 9.59
years (range 2-45 years), and the average number of hospi-
talizations was 9.54 £ 5.15 (range 1-25 hospitalizations) —
Table 2. The patients with schizophrenia were treated with
an average of 4.18 + 1.07 psychotropic medications (range
2-7) - Table 2. Also, the average number of antipsychotics
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Table 2. Medical characteristics of the study group

Obtained values n (%)

Medical characteristics

Duration of schizophrenia per
patient (in years):

[(X = SD; med (min-max)]

Number of previous hospitalizations
per patient:

[(X = SD; med (min-max)]

Number of psychotropic
medications per patient:

[(X = SD; med (min-max)]

Number of antipsychotics per patient:
[(X = SD; med (min-max)]

Mood stabilizers:

17.79 £9.59; 16.5 (2-45)

9.54 +5.15; 8.5 (1-25)

4.18+1.07;4 (2-7)

1.56 +0.57;2(1-3)

no 11(21.2)
yes 41(78.8)
Hypnotics:

no 34 (65.4)
yes 18 (34.6)
Anxiolytics:

no 7 (13.5)
yes 45 (86.5)
Antidepressants:

no 48(92.3)
yes 4(7.7)
Antiparkinsonics:

no 22 (42.3)
yes 30(57.7)

X - mean value; SD - standard deviation

per patient was 1.56 + 0.57 (range 1-3), and in most cases,
patients were also treated with mood stabilizers, anxiolyt-
ics, and antiparkinsonics (Table 2).

Most of the study group patients were smokers, brushed
their teeth daily, without using oral hygiene aids, in con-
trast to the control group patients, who were in about 50%
smokers, brushed their teeth daily, and used oral hygiene
aids in more than 60% (Table 3). In terms of previous den-
tal visits, patients with schizophrenia in most cases visited
dentist more than once a year, mostly because of tooth
restauration and the pain (Table 3). Patients of the control
group visited a dentist in periods shorter than six moths,
mostly due to control examinations and dental restoration
(Table 3).

In both groups of patients, a statistical significance was
observed among partial mobile denture wearers, in terms
of the DMFT index, number of carious teeth, CPI modi-
fied, and OHI-S (Table 4). The study group patients had
significantly higher values of the DMFT index, number of
carious teeth, CPI modified, and OHI-S than the control
group patients (Table 4). Similarly, a statistically significant
difference between groups was observed concerning fixed
dentures (crowns and/or bridges) in terms of number of
carious teeth, number of filled teeth, CPI modified, and
OHI-S (Table 4).

The impact of independent variables (socio-demo-
graphic characteristics, characteristics of primary disease,
smoking habits, oral hygiene habits and previous dental
visits) on oral health indices (DMFT index, CPI modified,
and OHI-S) was examined by the linear regression model
(Table 5). In terms of the DMFT index, the univariate re-
gression model showed that age, educational level, and the
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Table 3. Smoking habits, oral hygiene habits, and previous dental visits of the study

group and the control group

Scepanovi¢ M. et al.

multivariate regression model showed that only

tooth brushing technique had a significant im-

Obtained val e
Smoking habits, oral hygiene gl Significance® pact on the value of this index (Table 5).
habits, and previous dental visits | Study group | Study group (p)
n (%) n (%)

Smoking habits:
no 13 (25) 24 (46.2) DISCUSSION
yes 39 (75) 28 (53.8) 0.000*
Frequency of brushing teeth: The average values of the DMFT index, CPI
no 18 (34.6) 00 modified, and OHI-S among patients with
occasionally 6(11.5) 0(0) . . . .
yes 28(53.8) 52 (100) 0.000* schizophrenia who had prosthetic appliances
Tooth brushing technique: were significantly higher than that of the con-
correct 14 (26.9) 25 (48.1) . PR T .
ncorrect 38 (73.1) 27(519) 0.000* trol group patl.ents, which is in accordance with
Oral hygiene aids: previous studies [8, 9, 10, 16, 17, 18].
no 21(61.8) 10(19.2) In terms of socio-demographic charac-
occasionally 13(382) 34 (65.4) teristics of patients with schizophrenia, this
yes 0(0) 8(15.4) 0.026* !

— study showed that they had lower educational
Last dental visit: .
less than six months ago 11212 23 (44.2) level and were mostly unemployed, unmarried,
six months to one year ago 9(17.3) 14 (26.9) and lived with their parents, which lead to fi-
::;:;:1’} (t)l:f I); iircfg:tal visit: 32(61.5) 15(288) 0.000 nancial deficit. It is known that patients with
control exam 3(5.8) 17 (32.7) schizophrenia have problems with financial
tooth restauration 15(28.8) 19 (36.5) competence, leading to deficit in several cog-
pain 13(25) 0(0) fps . . .
prosthetic rehabilitation 3(58) 101.9) nltlye fgn.ctlons .that have an 1mp.orta'nt role in
oral soft tissue problems 18 (54.5) 15 (28.8) 0.000* maintaining an independent social life [19].

*statistically significant;
2Pearson’s x* test

use of oral hygiene aids had significant impact on the value
of this oral health index (Table 5). However, the multivari-
ate regression model showed that only age of patients had
significant impact on the DMFT index value of the study
group patients (Table 5). Similarly, univariate regression
analysis showed statistical significance of the CPI modified
and OHI-S among the study group patients in terms of
gender, number of previous hospitalizations, and the use
of oral hygiene aids for CPI modified, and tooth brushing
technique and oral hygiene aids for OHI-S. In terms of
CPI modified, multivariate regression model showed that
all three independent variables had a significant impact
on the value of this oral parameter. In terms of OHI-S,

Table 4. Oral health indices of the study group and the control group

In the study group patients, schizophrenia
lasted in average 17.79 £ 9.59 years, with the
large number of hospitalizations per patient
(over 10 on average), which points to the fact that patients
were hospitalized for a proportionally long time period, as
shown in other studies as well [8, 18]. Also, they were pre-
dominantly treated with antipsychotics: typical or first-gen-
eration, and atypical or second-generation. Although both
groups of antipsychotics block dopamine receptors, atypical
ones differ from the typical since they have a more secure
profile of neurological side effect and are less likely to cause
extrapyramidal symptoms, such as parkinsonism, expressed
by muscle rigidity and involuntary and intentional tremors
[20]. These deficiencies of the first-generation antipsychot-
ics have a negative effect on fine motor movements and,
consequently, on the patient’s ability to efficiently brush

Study group Control group Significance®
etz X+ SD; Meydg(min—max) X +SD; Med (gmin—max) d (p)
Partial mobile denture
DMFT index 20.96 + 4.70; 22 (8-28) 15.18 +£3.03; 16 (10-20) 0.000*
carious teeth 6.31 £4.00; 6 (0-13) 0.55+1.21;0(0-4) 0.000*
missing teeth 11.42 £ 6.44; 10 (6-23) 10.81£5.10; 11 (5-19) 0.781
filled teeth 3.23+£3.50; 1.5 (0-11) 3.81+£3.57;4(0-10) 0.612
CPI-modified 2.35+0.85;2(1-4) 1.00 £ 0.45; 1 (0-2) 0.000*
OHI-S 2.23+0.82;2(0-3) 0.36 +£0.50; 0 (0-1) 0.000*
Fixed denture
(crowns and/or bridges)
DMFT index 14.87 £6.52; 15 (5-28) 12.78 £ 5.08; 12.5 (4-24) 0.293
carious teeth 6.80 £ 5.29; 5 (2-20) 1.70 £2.05; 1 (0-8) 0.000*
missing teeth 3.87 +2.55;3(2-10) 2.90 + 2.55; 3 (1-10) 0.407
filled teeth 420 +£4.04;4 (0-12) 8.18 £4.08; 7 (2-19) 0.004*
CPI-modified 1.87 £6.40;2 (1-3) 0.85+0.92; 1 (0-3) 0.000*
OHI-S 1.67 £0.72; 2 (0-3) 0.45 £ 0.55; 0 (0-2) 0.000*

DMFT - Decayed, Missing and Filled Teeth Index; CPl - Community Periodontal Index; OHI-S -Simplified Oral Hygiene Index; X - mean value; SD - standard devia-

tion;
*statistically significant;
2Mann-Whitney test
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Table 5. The values of oral parametar indices among the study group examined by the linear regression models

DMFT index CPI modified OHI-S
Univariate linear |  Multivariate Univariate linear |  Multivariate Univariate linear |  Multivariate
AT regressipn linear regre.ssion regressign linear regr(—;-ssion regressipn linear regrgssion
analysis analysis analysis analysis analysis analysis
#B #B #B #B #B #B
@s%c)| P Jesway| P ojesway| P eswcay| Po|wosway| P |@sway P
Gender -0.131 | 0.947 - -0.677 |0.008* | -0.734 | 0.004* | 0.071 | 0.788 -
Age 0.300 | 0.000* | 0.360 |0.001*| 0.019 | 0.152 - 0.020 | 0.104 -
Education -2.834 | 0.004* | -1.416 | 0.160 | -0.158 | 0.270 - -0.188 | 0.165 -
Employment 0.847 | 0.267 - -0.034 | 0.764 - 0.022 | 0.841 -
Marital status -1.472 | 0.271 - -0.118 | 0.556 - -0.275 | 0.139 -
Residence -0.481 | 0.657 - 0.036 | 0.817 - 0.243 | 0.109 -
Duration of schizophrenia 0.126 | 0.195 - 4281 | 0.998 - 0.021 | 0.109 -
E(‘)‘;gﬁg[igt?éi‘s"‘ms 0.162 | 0.341 - 0054 |0.044% | 0058 |0.022*| 0017 | 0498 -
m‘;’;‘g:&gisswhc’tmp'c 0.147 | 0.846 - 0181 | 0134 - -0.025 | 0.836 -
Number of antipsychotics 0.946 | 0.564 - 0.369 | 0.083 - -0.137 | 0.525 -
Mood stabilizers -3.042 | 0.180 - -0.483 | 0.149 - -0.286 | 0.403 -
Hypnotics 2.595 | 0.182 - 0.500 | 0.058 - 0.249 | 0355 -
Anxyolitics -4.813 | 0.074 - -0.175 | 0.721 - -0.776 | 0.069 -
Antidepressants 3.042 | 0.384 - -0.179 | 0.762 - -0.049 | 0.935 -
Antiparkinsonics 0.570 | 0.763 - 0.191 | 0.460 - 0.176 | 0.493 -
Smoking habits -0.612 | 0.578 - -0.247 | 0.094 - 0.008 | 0.953 -
Frequency of brushing teeth | -1.019 | 0.313 - -0.125 | 0.383 - -0.049 | 0.731 -
Tooth brushing technique 3.293 | 0.113 - 0.447 | 0.083 - 0.728 | 0.006* | 0.750 | 0.008*
Oral hygiene aids 6.524 | 0.004* | 2.781 0.191 0.804 | 0.008* | 0.775 |0.003* | 0.785 | 0.007*| 0.505 | 0.062
Last dental visit 0.768 | 0.303 - -0.004 | 0.965 - 0.164 | 0.092 -
Reason of last dental visit 0.451 | 0.546 - 0.013 | 0.900 - 0.084 | 0.393 -

DMFT - Decayed, Missing and Filled Teeth Index; CPl - Community Periodontal Index; OHI-S -Simplified Oral Hygiene Index;

#B (95%) — unstandardized coefficient B (95% confidence interval);
*statistically significant

their teeth and perform oral hygiene activities [21]. Also,
both types of antipsychotics can cause tardive dyskinesia,
but atypical antipsychotics, compared to typical ones, are
less likely to do so [21]. Tardive dyskinesia is a parafunc-
tional activity of mastication and tongue musculature that
can have a negative effect on the teeth and occlusion [21].
Also, both generations of antipsychotics have anticholiner-
gic side effects, including xerostomia or “dry mouth” [22].
As saliva plays a major role in the prevention of dental car-
ies, xerostomia is a significant risk factor for the appearance
of dental caries [22]. Moreover, patients with dry mouth
often drink carbonated drinks, which increases the risk of
caries occurrence even more [22].

Based on linear regression models and statistically sig-
nificant independent variables (age for the DMFT index;
gender, number of previous hospitalizations and oral hy-
giene aids for CPI modified; and tooth brushing technique
and oral hygiene aids for OHI-S), it seems that schizophre-
nia indirectly affect oral health of patients with this mental
disorder, by reducing their motivation and awareness of
the importance of oral health.

In the present study, half of the study group patients
had partial mobile dentures, while almost 30% of them
had fixed dentures (crowns and/or bridges). Choi et al.
[23] suggest that dental prosthetic treatment of patients
with schizophrenia would seem reasonable with shortened
dental bridge, after restauration of four occluding pairs
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of premolars which provide sufficient occlusal stability
and masticatory function. Also, they suggest that older
patients, patients with lower education, and the duration
of schizophrenia of more than 10 years should be reha-
bilitated with removable prosthetic appliances [24]. Fixed
dentures (crowns and/or bridges) are the first choice for
replacing missing teeth in partially edentulous patients
[23]. On the other hand, advanced rehabilitation treat-
ments such as dental implants’ placement in patients with
schizophrenia are insufficiently described in the scientific
literature. Dental implants, rather than removable prosthe-
sis, may be favorable for esthetical outcomes in patients
with schizophrenia treated under combined surgical and
prosthetic rehabilitation planning. This planning should
include the fact that general anesthesia in patients with
schizophrenia should be limited [23]. Implant placement
in local anesthesia should generally be preferred for people
with mental disorders; a consultation with psychiatric spe-
cialists on conducting the best patient management should
be included when patients with schizophrenia need com-
plex and extensive dental extractions [24, 25].

The limitation of this study is a relatively low number
of the study group patients. However, there are few pros-
thetic rehabilitated patients with schizophrenia, having
in mind their low socio-economical characteristics. Also,
all of them were patients at the Dr. Laza Lazarevi¢ Clinic
for Mental Disorders in Belgrade. Thus, it can be assumed
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that the situation concerning the oral health of this group
of psychiatric patients may be much worse in other psy-
chiatric institutions in Serbia.

CONCLUSION

The population of patients with schizophrenia is experi-
encing, broadly speaking, the same oral health problems
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OpasniHo 3apaB/be NPOTETCKM pexabunutosaHnx 601ecHUKa ca cxusoppeHujom

Mnogpar LUhenaHosuh', BnagaH Hophesuh??, ViBaHa Crawesuh-Kapnuunh?*, EHa Jokcumouh', laHujena CranetoBuh?,
bopusoj bjenuh’, iparaHa Pakawesuh', Mupjana Mejuh-Lycnapa’, Jbybomup Togoposuh?

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, beorpag, Cpbuja;

2KnuHunKa 3a ncuxujatpujcke 6onectu, [p Jlasa Jlazapesuh’, beorpag, Cpbuja;
3YHuBep3uTeT y TpaBHuKy, DapmaLeyTcko-3npaBcTBeHn dakyntet, TpaBHuk, Degepauuja bocHe 1 XepuerosuHe, bocHa 1 XepLerosiiHa;
*YHuBep3uTeT y MpuwtnHM - Kococka MutposuLa, MeauumHckn dakyntet, Kocoscka Mutposuua, Cpbuja

CAXETAK

Yeoa/Linm Oaktopu Kao WTo Cy Npupoaa Ncuxmnjatpujckor
nopemehaja, Ay>MHa xocnuTanusaLuje 1 opanHn Hexerbe-
HV epeKTN NCUXOTPOMHMX NeKoBa MOTY 3HaTHO [OMPUHETU
nosehaHoj npeBaneHumju opanHux 6onectn Kog ocoba ca
CXV30PPEHNjOM 1 NOCNeANYHOj NOTPebM 3a MPOTETCKOM pe-
xabunutauujom.

Linrb oBor nctpaxmsatba 6110 je Aa ce yCTaHOBY HUBO Opas-
HOT 34paBJba NPOTETCKN PeXabunmMToBaHUX 6onecHnKa ca
cxusodpeHujom, Te pasmoTpe moryhHocTu 1 notpebe 3a
yHanpehemeMm H1XoBe NpoTeTcke pexabunutaumje y 6ynyh-
HOCTM.

Metope Cryaujcky rpyny YnmHuna cy 52 6onecHuKa ca cxvso-
dpeHmnjom, xocnnTanvsosaHa Ha KnmHuum 3a ncrxmjatpurjcke
6onectn,[p Jlasa JlasapeBuh” beorpag. KoHTponHy rpyny uum-
Huna cy 52 6onecHuka, 6e3 nctopuje meHTanHux nopemehaja,
Koja cy neyeHa Ha CTomaTosowKom pakynTeTy YHuBep3uTeTa
y beorpapy. UHgekcn opanHor 3apassba (KEM nHaekc, nHaekc
CTarba NeprofoHLMjyma y 3ajeAHNLM 1 MOTPebHUX TpeTMaHa
- CPITN v nojefHOCTaBIbeHN UHAEKC OpanHe xurnjeHe — OHI-S),
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coumofemorpadcke KapakTepuCTuKe, Myllete, HaBMKe Y ofp-
KaBatby opaJiHe XWrujeHe N NPeTXOfHe noceTe CTOMaTosory
peructpoBaHe cy y obe rpyne UcnutaHuKa, Kao v MefuLHCKe
KapaKTepucTmke npumapHe 6onectu Kog 6onecHnka ctyaujcke
rpyne.

Pesyntatu [egeceT npoLeHaTa UCNUTaHUKA CTyAUjCKe rpyne
1Mano je napuujanHe MobuiHe npoTese, AoK je rotoBo 30%
HUX UMano GUKCHe NPOTETCKe PafioBe, 3a Pa3NINKy Off KOH-
TPOJIHE rpyne NCNUTAHKKA, KOju Cy MpeTexHo (76,9%) umanu
durKcHe npoTeTcke pagose. Y obe rpyne ncnmtaHnKa youyeHa
je cTaTncTruKa 3HavajHOCT Mehy HocroLMMa NapLmjaiHUX MO-
OUNHUX U GUKCHUX NPOTETCKMX PapoBa, y cmucny KENM nHpekca,
6poja kapujecHux 3yba, CPITN n OHI-S. CnuyHo TomMe, youeHa
je cTaTMcTuKmM 3HavajHa pasnuka nsmehy Hocunaua GUKCHUX
NPOTETCKNX PaioBa y CTYAWjCKOj Y KOHTPOJTHOj rpyni y nornegy
6poja KapujecHux 3y6a, pectaypuicaHux 3yb6a, CPITN n OHI-S.
3aKrbyyak 3a MoTnyHy opasiHy 1 NPOTETCKY pexabunutauujy
OBe rpyre NcyxujaTprjckux 6onecHnKa notpebaH je Myntugmc-
LMNAVHAPHW NPUCTY.

KrbyuHe peun: npoTeTunka; cxnu3odppeHuja; opanHo 3apaBbe
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SUMMARY

Introduction/Objective Peritoneal dialysis is a method of treating patients in the terminal phase of
renal failure (end-stage renal disease). Peritonitis represents most severe and most common complica-
tion of peritoneal dialysis. The most common peritonitis causes are Gram negative microorganisms:
Staphylococcus-coagulase-negative, Staphylococcus aureus, Streptococcus sp, Neisseria sp. Gram negative
microorganisms are: Pseudomonas sp, Enterococcus, Klebsiella sp, Proteus sp, Acinetobacter sp.

The aim of the study was to examine the incidence of peritonitis and to determine the differences be-
tween patients with and without peritonitis and catheter infection. Other goals of the work were: the
most frequent causes of peritonitis, the outcome of treatment, the influence of the length of treatment
on the development of peritonitis, the influence of the peritoneal dialysis adequacy on the development
of peritonitis, the influence of anemia, nutritional status, iron status, secondary hyperparathyroidism (Ca,
P, CaxPO,, parathormone), protein status - albumin and the effect of acid uricum on the development
of peritonitis.

Methods Retrospectively, 84 patients were analyzed of peritoneal dialysis (2012-2016) at the Kragu-
jevac Center for Nephrology and Dialysis of Clinical Center. The diagnosis of peritonitis was based on
clinical picture, biochemical analyses, leukocyte in sediment of dialysis, findings of peritoneal-culture,
signs of inflammation (C-reactive protein, leukocytes). The analysis included: the most common causes,
the outcome of treatment, the influence of the length of treatment, the influence of the peritoneal
dialysis adequacy, the influence of anemia, the influence of iron status, the influence of secondary
hyperparathyroidism, the influence of protein status - albumin, and the effect of acid uricum on the
development of peritonitis.

Results In total, 22 patients had one, six patients had two, six patients had three, six patients more than
three episodes of peritonitis. The difference in mean values of the number of erythrocytes, hemoglobin,
hematocrit, iron, albumin, diastolic pressure, systolic pressure between patients with peritonitis, and
those without it, were statistically significant (p < 0.05). The difference in mean values of calcium (Ca),
phosphor (P), CaxPO, uricum value, parathormone, peritoneal dialysis adequacy, systolic pressure was not
statistically significant (p > 0.05). The incidence of peritonitis and death were not associated (p = 1.000).
Conclusion Peritonitis is severe complication of peritoneal dialysis. Anemia and nutritional status are
risk factors that affect the development of peritonitis in patients on peritoneal dialysis.

Keywords: patients; peritoneal dialysis; infections; peritonitis; biochemical analysis
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INTRODUCTION

Peritoneal dialysis is one of the methods for
treating patients in the terminal phase of renal
failure (end-stage renal disease) in addition to
hemodialysis and kidney transplantation [1].
Peritonitis is the most severe and most com-
mon complication of peritoneal dialysis, while
severe, prolonged peritonitis can functionally
alter peritoneum, which permanently disables
the use of peritoneal dialysis [2]. Acute perito-
neal dialysis is associated with high incidence
of peritonitis (0.5-4%), and in late 1970s, the
incidence of peritonitis in patients with chronic
peritoneal dialysis was six episodes per year [1,
2]. Sterile peritonitis is non-infectious perito-
nitis due to the leakage of sterile body fluids

into peritoneum (blood, gastric acid, bile, urine,
pancreatic secretion) [2]. The symptomatology
of peritonitis is linked to the causal trigger, as
an entity of inflammation and/or diseases [2].
The knowledge of pathogenesis of infections
associated with peritoneal dialysis, possible
sources and reservoirs of potential causes are
the basis for defining effective protocols, i.e.,
guidelines for the prevention and control of in-
fections associated with peritoneal dialysis [3,
4]. Infection of catheter exit site and “tunnel”
infection are the basic types of the infections [5].
In spite of technological innovations (automat-
ic peritoneal dialysis) in the field of cysts and
solutions for peritoneal dialysis, better patient
education, introduction of preventive measures,
peritonitis remains the leading complication of
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peritoneal dialysis [6]. It is manifested by: diffuse sensitiv-
ity of abdominal wall (70%), blurring of dialysis fluid with
leukocytes > 100/mm? (granulocytes > 50%) and isolation
of the dialysis fluid causative agent. For initial diagnosis of
peritonitis, two of the three listed criteria must be satisfied
by guidelines [6]. The most common causes of peritonitis
in patients on peritoneal dialysis are Gram positive mi-
croorganisms (50%): Staphylococcus coagulasa negative,
Staphylococcus aureus, Streptococcus sp., Neisseria sp. Gram
negative microorganisms are present (15%): Pseudomonas
sp., Enterococcus, Klebsiella sp., Proteus sp., Acinetobacter sp.
Polymicrobial infections. Gram positive and/or Gram nega-
tive microorganisms are represented by 1-4%, while fungal
infections are less frequent < 2% [7, 8, 9]. The microbio-
logical diagnosis of peritonitis implies: the dialysate culture
should be taken before susceptible peritonitis, and the first
blurred bag is the best sample (50 ml of dialysis); delaying a
few hours from the sampling time to the time of planting;
staining of Gram negative sediment from the dialysis bag
proves the presence of microorganisms in 20-30% of cases;
microbiological cultivation of a dialysis sample for deter-
mining the cause, and antibiotic therapy [10]. Laboratory
signs of peritonitis in patients on peritoneal dialysis are:
> 100 Le/mm?’ and neutrophil dominance (> 50%); lym-
phocyte domination in fungal peritonitis; tunnel infection
(10%) and less than < 100 Le/mm?); leukocytosis 10000—
15000 Le. [11]. “Tunnel” infection of the exit site may be
affected by erythema, edema and skin sensitivity above the
pathway of catheter. Many authors have evaluated the role
of various catheter implantation techniques and catheter
types in lowering the risk of peritonitis in patients [12, 13].
Indications for catheter removal are: refractory peritonitis;
relapse peritonitis; peritonitis associated with infection of
catheter exit site, i.e., “tunnel” infection; fungal peritonitis;
repeated peritonitis caused by: mycobacteria or multiple
enteric microorganisms [14]. After the adequate diagnoses
of peritonitis (recommended criteria for diagnoses), it is
decided to treat it with appropriate antibiotics: first empiri-
cal therapy, and later it is adjusted to antibiogram [15]. The
duration of therapy, if the effluent is rapidly clear, is about
two weeks. In cases where the response to therapy is not
adequate, the removal of the peritoneal catheter is advised
five days since the treatment beginning [15]. The aim was
to analyze the incidence of peritonitis and to determine the
differences between patients with and without peritonitis
and catheter infection.

METHODS
Patients

Retrospectively, 84 patients (55 women median age:
59.9, 34-86 years, and 29 men median age: 63.06, 36-79
years) were treated with continuous ambulatory perito-
neal dialysis 2012-2016 at the Center for Nephrology and
Dialysis at the Clinical Center of Kragujevac in Kragujevac,
Serbia. The study was performed in accordance with
the Declaration of Helsinki, with the approval of local
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ethics committee on human research (Clinical Center of
Kragujevac, Serbia) and informed consent was obtained
from each study participant. The diagnosis of peritonitis
was made in accordance with the recommended guidelines
from the above references. All patients started treatment
with empirical therapy according to the guidelines for the
treatment of peritonitis in patients on peritoneal dialysis,
or if it was relapsed to earlier sensitivity, and upon the
arrival of the dialysate culture, the antibiotic was changed
to the antibiogram. Peritonitis was treated for two to three
weeks depending on the cause and rate of withdrawal
symptoms (one peritonitis was treated for more than three
weeks with the protection of a fungi, two episodes caused
by the Candida were recorded).

Clinical parameters

The diagnosis of peritonitis was based on the clinical pic-
ture e.g., turbid dialysis fluid, abdominal pain, sensitivity of
the abdomen to palpation, high body temperature, vomit-
ing, fever and diarrhea.

Laboratory parameters

The number of leukocytes in sediment of dialysate, the
findings of peritoneal dialysis culture and the signs of
inflammation such as C-reactive protein, the number of
leukocytes, etc. Our analysis included: the most common
causes, the outcome of treatment, the influence of the
length of the treatment, the influence of peritoneal dialysis
adequacy, the influence of anemia, the influence of iron
status, the influence of secondary hyperparathyroidism,
the influence of protein status (albumin) and the effect of
acid uricum on the development of peritonitis. Preliminary
results were known after two to three days, definitive after
five days of sewing. C-reactive protein was determined by
an immune-nephelometric assay (Dade-Behring, BN II,
Marburg, Germany). Hematological parameters (anemia,
nutritional status) were determined using LH750 hema-
tologic analyzer (Beckman Coulter Inc., Brea, CA, USA).

Adequacy of peritoneal dialysis

Adequate chronic peritoneal dialysis implies a prescribed
dialysis procedure to ensure a good quality of life of the
patient, the absence of physical problems and morbidity
and mortality, which are similar to those of the healthy
population. The most commonly used parameter for the
minimum acceptable weekly values of Kt/V that indicates
creatinine clearance according to the American National
Kidney Foundation Dialysis Outcome Quality Initiatives
recommendations in patients on continuous ambulatory
peritoneal dialysis are 1.7 L, or 60 L/1.73 m?. For patients on
continuous cycling peritoneal dialysis and nightly intermit-
tent peritoneal dialysis, given their intermittent character,
the mentioned values are even higher, and are2.0 Lor2.2 L,
and for creatinine clearance 63 or 66 L/1.73 m? [20, 21].
The statistical methods included: the mean values of nu-
merical variables between two populations using Student’s
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t-test and Mann-Whitney test; the categorical variables
using x* test for contingency tables and Fisher test, too.
This article presents the measures of descriptive statistics:
arithmetic mean, standard deviation, frequency and per-
centages.

RESULTS

In the observation period, peritonitis was diagnosed in 40
(47.6%) patients, while 18 (21.4%) patients did not have
peritonitis and 26 (31%) had “sterile” peritonitis in rest (55
women and 29 men; middle-aged of 61.48 + 2.81 years).
Gender, age and occurrence of peritonitis were not statisti-
cally related (p = 0.624; p = 0.631). Also, the duration of
peritoneal dialysis was not correlated with the occurrence
of peritonitis (Table 1).

The most common causes of peritonitis in our patients
were: Staohylococus aureus (18), Staohylococus coagu-
lase negative (10), E.Colli (six), Pseudomonas aeruginosa
(three), Enterococcus sp. (three), while other causative
agents were rarely represented (Table 2).

Table 1. Demographic characteristics of patients with and without
peritonitis

Parameters With Without

peritonitis peritonitis P
Gender
Male (n) 19 10 0.565
Female (n) 21 7
Age mean = st.dev. 61.6+129 62.2+14.2 0.998
Duration of peritoneal | ., ., , 377321 | 0.976
dialysis (n of months)
Primary disease
Diabetes mellitus (n) 13 9
Hypertension (n) 18 6 >0.05
Other disease (n) 9 2

Table 2. Distribution of microorganisms isolated from the peritoneum
of patients on peritoneal dialysis

Causative agents of infection n %
Staphylococcus aureus 18 45
Coagulasa negativni staphylococcus 10 25
E. coli 6 15
Pseudomonas sp. 3 7.5
Enterococcus 3 7.5
Total 40 100

Nine infections of the outlet were identified during
the analyzed period, four of them were associated with
peritonitis. The most common causes of infection were
Staohylococcus aureus (four patients), Staohylococcus co-
agulase negative (two patients), Pseudomonas aeruginosa
(one patient), Enterobacter (one patient), Achromobacter
xylosooxidans (one patient) (Table 3).

Number of peritonitis: 22 patients had one, six patients
with two, six patients with three and six patients with more
than three episodes of peritonitis, Figure 1.

The difference in mean values of the number of
erythrocytes, hemoglobin, hematocrit, iron, albumin,
diastolic pressure, systolic pressure between patients with

‘ DOI: https://doi.org/10.2298/SARH190708008)J
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Table 3. Causes of infections catheter exit site of peritoneal catheter
in patients

Causative agents of catheter | Number of catheter | Percentage
exit site infection outlet infections
Staphylococcus aureus 4 44.5
Staphylococcus spp. 2 22.2
Pseudomonas 1 1.1
Enterococcus 1 11.1
Achromobacter xylosoxidans 1 1.1
Total 9 100
1,2% Number of patients
4, 7% 1,2%
6, 10%
6,10%
H]l] m2 m3 m4 m5 mo6 7

Figure 1. Number of patients with number of episodes of peritonitis

peritonitis, and those without it, statistically were signifi-
cant and showed in Table 4 (p < 0.05). The difference in
mean values of calcium (Ca), phosphor (P), CaxPO , uri-
cum value, parathormone, peritoneal dialysis adequacy;,
systolic pressure was not statistically significant (p > 0.05).

Table 4. Variables that affect the occurrence of peritonitis

Variables With peritonitis | Without peritonitis p

Erythrocyte 3.09 £0.68 3.67 £0.97 0.013**
Hemoglobin 9745+ 11.7 106.47 = 15.977 0.021**
Hematocrit 0.28 £ 0.40 0.34 £ 0.07 0.005***
Iron 10.04 +4.13 12.51 +4.04 0.004%**
Albumin 25.13+£5.12 30.59 +5.33 0.0071%**
Diastolic pressure | 73.12+11.59 78.59 + 6.86 0.036**
Systolic pressure | 124.95 + 28.64 140.59 £ 18.78 0.044%*

The incidence of peritonitis and death were not associ-
ated (Table 5, p = 1.000). However, mortality by binary lo-
gistic regression was shown to be statistically significantly
influenced by the following factors: treatment length, heart
rate, erythrocyte, hemoglobin and urea values (Table 5,
p < 0.05). Multivariate binary logistic regression showed
a simultaneous effect of multiple variables on mortality
(erythrocyte count (p = 0.016), iron (p = 0.018) and urea
(p =0.004)). The risk ratio for erythrocyte count is 0.127
(0.024-0.681). The risk ratio for iron is 0.618 (0.416-
0.920). The risk ratio for urea is 1.253 (1.053-1.282). With
the simultaneous influence of heart rate, erythrocyte count,
iron and urea at death, the influence of heart rate is not
statistically significant.

Also, mortality by cross tabulation was shown to be
statistically significantly influenced by primary disease
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Table 5. Variables that affect mortality

and 45.2% in Pseudomonas-induced peri-

e.g., patients that had diabetes mellitus had statistically
significantly increased mortality (Table 6).

DISCUSSION

During analyzed period, 84 patients were treated with peri-
toneal dialysis, 40 of them had 80 episodes of peritonitis,
which is more than the recommended and by the new-
est guidelines. The most common causes of peritonitis in
our patients were: Staphylococcus aureus, Staphylococcus
coagulasa negative and Escherichia coli. The incidence of
peritonitis decreases was in one for eight and 24 months of
the treatment. The significance of peritonitis prevention,
quality patient training for independent examination of
treatment technique, technological innovations in field of
cysts and solutions further reduce the incidence of peri-
tonitis. The incidence of peritonitis in patients in Canada
was one episode at 26 patient-months (1996-2005) [16].
In France, one episode was in 29 patient-months
(2000-2007) [17]. In the United Kingdom, one episode
was in 14 patient-months (2002-2003) [18]. In Latin
America, the incidence of peritonitis was one episode in
26 patient-months [19]. “Sterile” peritonitis or culture-
negative peritonitis (25.8%) was more commonly reported
in our patients, than in patients of other authors - Szeto et
al. [20] (17.9%). The other peritonitises were rarely repre-
sented as Streptococcus-peritonitis (10.3%), Pseudomonas-
peritonitis (6.9%), Enterococcus-peritonitis (4%), E. coli-
peritonitis (3.4%) [21]. In our patients, the peritonitis
caused by Pseudomonas were less common than reported
by Szeto [20, 21], who found 13.2% peritonitis caused by
this causative factor. Szeto et al. [20, 21] found 9.5% of
peritonitis associated with infection of the exit site, in the
peritonitis caused by Staphylococcus coagulase negative,
24.5% in Staphylococcus aureus-induced peritonitis [21]

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):282-287

Variable Fatal outcome 0 Fatal outcome 1 Statistics tor?itis [22] The m.OSt common causes
Mean (SD) Mean (SD) Z statistics | Sig. p of infection of peritoneal catheter exit
Treatment length 43.86 (29.8) 14.86 (10.65) 2497 | 0.013* site were Staphylococcus aureus in four
Pulse 85.25 (20.21) 73.38(9.12) -2441 | 0.015** patients, and Staphylococcus coagulase
Erythrocyte 3.41 (0.86) 2.77 (0.29) -3.995 | 0.000%** negative in two patients [22]. In our
Hemoglobin 102.02 (1379) 93.77 (11.28) -2.143 | 0.032** patients, there were fewer outbreaks of
Urea 15.96 (6.72) 24.27 (7.98) -2.986 | 0.003** infection during the analyzed period,
Albumin 11.48 (4.19) 837 (3.51) -1.875 0.061 compared to the other authors, and in
Iron 27.59 (5.7) 23.83 (4.97) -1.821 0.069 particular associated with severe perito-
Peritonitis _nof patients _ nof patients nitis. In Australia, Govindarajulu S et al.
Yes with fata1|1° utcome | without fa;gl outcome 1.000° [23] found 14% of peritonitis caused by
No 4 13 Staphylococcus aureus. In our patients,
o Test the frequency of peritonitis caused by
) ) ] Staphylococcus aureus was 9.9%, because

Table 6. Primary disease that affects mortality . e . .
: : : it is cause of severe peritonitis with worse prognosis. In
AUIEICIEED TIEICTEeI U] P Australian patients [23], Pseudomonas infections were

number of number of

patients patients less common (2.1%), with E. coli (6.3%) and Klebsiella
Diabetes mellitus 10 12 0.05* (4%) more often than in our patients. Fungal infections
Hypertension 5 19 0.075 were not frequent in our center: only two patients had
Other disease 0 53 >0.05 this infection (1.1%), while experts in Australia account-

ed for 3.1% of fungal peritonitis [23]. A particular prob-
lem in all patients on dialysis is anemia [24]. Previous
studies showed that patients on peritoneal dialysis had
anemia, but less pronounced anemia syndrome than pa-
tients undergoing repeated hemodialysis. This beneficial
effect of peritoneal dialysis can be explained by higher
erythropoietin concentrations, reduced concentration of
erythropoiesis-inhibitors and higher quality of nutrition
(respectively nutritional status). It is now believed that
significant difference in severity of anemia among patients
on treatment with peritoneal dialysis and hemodialysis
was associated with better clearance of middle molecules,
which are essential inhibition factors of the same [24, 25].
During the five-year analyzed period by examining im-
pact of anemia on development of peritonitis, we found
that anemia was significant risk factor for the develop-
ment of peritonitis. The other factors that increase risk
of peritonitis include: age, diabetes mellitus, obesity, car-
diovascular disease, depression, catheter linkage and/or
catheter infections [26]. Prevention of peritonitis associ-
ated with peritoneal dialysis represents the high treatment
priority [27]. Clinical practice patterns are very different
today. Intravenous vancomycin may reduce the risk of
early peritonitis and peri-operative treatments. Antifungal
prophylaxis with oral nystatin or oral fluconazole may
also reduce risk of fungal peritonitis. Another antimicro-
bial therapy has not shown the adequate efficacy [27]. In
Japan, developing effective outpatient protocols for peri-
tonitis treatment and ready and prompt access to home-
administered intra-peritoneal antibiotics may reduce the
costs associated with peritonitis treatment and peritoneal
dialysis therapy. [28]. The authors suggest that biological
status of iron in patients on peritoneal dialysis may be a
risk factor for the development of infectious peritonitis
(improving growth of bacteria through transferring-iron)
[29]. Also, in accordance with our results about peritonitis
influence on mortality, Tekkarismaz et al. [30] have shown
that peritonitis did not reduce patient survival.
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CONCLUSION

In the five-year analyze period, 84 patients were treated
with peritoneal dialysis and 40 patients had 80 episodes
of peritonitis. Anemia, nutritional status, biological sta-
tus of iron and protein status (albumin) were risk factors
which influenced on the development of peritonitis in our
patients with peritoneal dialysis. Secondary hyperparathy-
roidism (Ca, P, CaxPO,, parathormone), increased acid
uricum and the length of peritoneal dialysis treatment
or the adequacy of dialysis had no statistically significant
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CAXETAK

YBoa/LUnrmb MeputoHeymcKa Anjanusa je HauvH neyerba bonec-
HVKa Y TepMUHaNHOj da3m 6ybpexxHe cnabocTu (Kpajrbu cTa-
anjym 6ybpexHe 6onectu). MepuUTOHUTIC NpefCcTaB/ba HajTeXY,
Hajuelwhy KOMNMKaLwjy neputoHeymcke aujanmse. Hajuewwhn
13a31BaymN MEPUTOHUTICA CY FPamM-NO3UTUBHU MUKPOOPraHU-
3mu: Staphylococcus-coagulasa-negativ., Staphylococcus aureus,
Streptococcus sp., Neisseria sp. [pam-HeraTuBH1 MUKPOOPraHu-
3mu cy: Pseudomonas sp., Enterococcus, Klebsiella sp., Proteus
sp., Acinetobacter sp.

Linb cTynuje je 6vo Aa ce MCcnuTa yyecTanocT NepUToHUTICA 1
YTBPAE pasnuke nsmehy 6onecHrKa ca nepuToHUTCOM 1 6e3
tbera n nHdekumje 36or Katetepa. OcTanu LnbLEBM paga 6unm
Cy ofpeanTm Hajuelhe y3poKe NePUTOHNTICA, CXOR NleYersa,
YTULAj Oy>KNHE Jleuetba Ha Pa3Boj NePUTOHUTHCA, YTULAj afeK-
BaTHOCTW NMEPUTOHEYMCKe fujanm3e Ha pa3Boj NePUTOHNTICA,
yTULaj aHemmje, HYTPUTUBHY CTaTYC, cTaTyc rBoxha, cekyHaap-
HU xunepnapatupeomansam (Ca, P, CaxPO,, napaTxopmoH),
cTaTyc npoTenHa — anbyMuH 1 yTuLaj MokpahHe KucenmHe Ha
pa3Boj NepuToHUTUCA.

Metopge PeTpocneKTrBHO je aHanu3upaHo 84 6onecHrKa Ha
nepuTOHeyMcKoj Anjanusu of 2012. fo 2016. roguHe y LieHTpy
3a Hedponorujy n gujanusy KnnHuukor ueHtpa Kparyjesad,.
[lnjarHo3a nepuToHNTNCa NOCTaB/bEHA je Ha OCHOBY KIMHUYKE
CNIVIKe, NeyKouuTa y CeIMMEeHTY njaniu3arta, Hanasa Kyntype
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NepUTOHEYMCKOT injanusarta, NPUCy THX 3HakoBa UHdNamaLmje
(Le-peaKTBHY NPOTeVH, NeyKoumTn). AHanu3a je obyxeaTana
Hajuellhe y3pOUHUKe, UCXOA Nleuerba, yTrLaj yKUHE Neyerba,
yTVLAj aAeKBAaTHOCTN NePUTOHEYMCKE ujanun3e, yTuLaj aHe-
Muje, yTrLaj cTaTyca reoxna, yTuuaj ceKyHAapHor xvnepna-
paTMpeounar3ma, yTrLlaj NpoTEMHCKOT cTaTyca — anbymuHa v
yTuUaj MoKpahHe KrcenviHe Ha pa3Boj NePUTOHUTICA.
Pesyntatu [1BafieceT ABa 60necH1Ka Cy MMana jeAHy ennsony
MEePUTOHUTMCA, LWeCT 6ONECHMKa ABE, LWeCT 6oNecHNKa Tpy 1
wecT 60necHKa BuLLe of TpU enn3ofe neputoHuTuca. Pasnuka
y CpeArVM BpefHOCTMMa 6poja eputpoLrTa, XeMornobuHa,
XeMaToKpwTa, rBoxha, anbymmnHa, AnjacToNHOT NPUTHCKA, CUC-
TOJHOT NpUTMCKa U3Mehy 6onecHrKa ca NePUTOHUTUCOM U OHIX
6e3 rbera bune cy CTaTUCTUYKKM 3HavajHe (p < 0,05).

Pasnuka y cpeprum BpegHocTuma Kanuujyma (Ca), dochopa
(P), CaxPO4, BpeaHOCTV MOKpahHe KuncenvHe, MapaTxopMoHa,
afeKBaTHOCTW NepUTOHeasHe Anjannse, CUCTOMHOT MPUTUCKA
HUCy 6rne CTaTUCTUYKM 3HavajHe (p > 0,05). ViHumaeHua nepu-
TOHWTMCA N CMPTHU NCXOA HUCY noBe3aHu (p = 1,000).
3ak/byyak [lepyTOHUTUC NPeACTaB/ba HajTEXY KOMMAMKaLWjy
nepuTOHEYMCKe Anjanuse. AHeMuja 1 HyTPUTVBHU CTaTyC Cy
baKTopm pr3rKa Koju yTUy Ha pa3Boj NepuUToHMTUCa Kog 60-
NecHUKa Ha NepPUTOHEYMCKOj Anjanusn.

KrmbyuHe peun: 60necH1LY; NepuUTOHeanHa Anjannsa; MHbeK-
Lyje; NepUTOHUTIC; GrIoXeMMjcKe aHanm3se
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SUMMARY

Introduction/Objective This study aimed to assess the changes of adiponectin (APN), IL-1(3, adiponec-
tin receptor 1 (Adipo R1), and NLRP3 expression of patients with idiopathic membranous nephropathy
(IMN) complicated with hyperuricemia (HUA) and analyze the relationship between the APN pathway
and the NLRP3 pathway.

Methods A group of 48 patients with IMN + HUA, a group of 49 patients with IMN, 30 healthy controls,
and 24 samples of healthy renal tissue were evaluated. APN and IL-1f of each group were detected by
the ELISA method. AdipoR1 and NLRP3 in kidney tissue were detected by immunohistochemistry. The
clinical data of each group were collected, and the relationship between APN, IL-1B, AdipoR1, NLRP3,
and other indexes was analyzed.

Results (1) The concentration of UA, APN, IL-1B3, and NLRP3 in the IMN + HUA group were significantly
higher than those in the IMN group, but the AdipoR1 was lower. (2) With the severity of chronic kidney
disease stage, APN, IL-1B, and NLRP3 gradually increased in the IMN + HUA group, but AdipoR1 gradu-
ally decreased. However, the aforementioned indicators did not change significantly in the IMN stages.
Conclusion The AdipoR1-AMPK and NLRP3-caspase-1-IL-1f signaling pathway may play an essential
role in IMN + HUA patients. An intervention on these two pathways may have significant impact on the
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INTRODUCTION

The idiopathic membranous nephropathy
(IMN) is a kind of kidney-specific autoimmune
glomerular disease, which is a common patho-
logical type of adult nephrotic syndrome [1, 2].
It is well known that hyperuricemia (HUA) in
chronic kidney disease (CKD) may aggravate
the inflammatory reaction, cause oxidative
stress injury, and aggravate the deterioration
of renal function.

Adiponectin (APN) is a unique protein
secreted by adipocytes, which is involved in
glucose, lipid metabolism, and inflamma-
tory reaction. APN has the effects of insulin-
sensitizing, anti-inflammation, and anti-ath-
erosclerosis. Some scholars have found that
the AdipoR1-AMP-activated protein kinase
(AMPK) pathway can maintain the normal
physiological homeostasis of the kidney [3].
Serum uric acid (UA) is an independent pre-
dictor of the development, progress, and prog-
nosis of primary nephrotic syndrome (PNS)
[4-8]. It can induce the overexpression of the
nod-like receptor protein 3 (NLRP3) signal-
ing pathway and cause kidney inflammation

[9]. Recent studies have shown that UA may
first activate the NLRP3 inflammatory path-
way, which then triggers APN-AdipoR1 signal
transduction to reduce local inflammation in
renal proximal tubule epithelial cells (PTECs)
[10]. The purpose of this study was to examine
the expression of ANP, IL-1p, and AdipoR1,
NLRP3 in patients with IMN + HUA and
IMN, and to assess the relationship between
APN-AdipoR1 pathway and NLRP3-cas-
pase-1-IL-1p pathway. We speculate that high-
level UA would initially activate the NLRP3
pathway, followed by the APN pathway, thus
triggering renal self-protection in IMN +
HUA. A certain degree of UA elevation may
be beneficial to renal self-compensation.

METHODS

Participants

The study involved 97 patients with histologi-
cally proven IMN who were hospitalized in the

period from January 2018 to November 2018
in the Nephrology Department of the Shanxi
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Provincial People’s Hospital. This group was divided into
two subgroups: IMN + HUA (48 patients) and IMN (49
patients). These subgroups were compared clinically with
30 healthy individuals (plasma and urine) from the medical
examination center and histologically with 24 samples (after
traumatic nephrectomy) of healthy kidney tissue from the
urology department, which represented the control group.
The age and sex of the enrolled population may be com-
parable. All participants in this study signed an informed
consent form and were approved by the ethics committee.

Inclusion criteria were as follows: according to the light
microscope, there were more than 15 glomeruli in the his-
tological specimens of the patients; estimated glomerular
filtration rate (eGFR) > 30 ml/min/1.73 m? except gluco-
corticoid, immunosuppressive, and other drug treatments
before the first diagnosis; blood pressure, urine and blood
biochemistry were normal in the control group.

Exclusion criteria were as follows: pregnancy, tumor,
diabetes, hyperlipidemia, obesity, secondary glomerulo-
nephritis.

General clinical data

The general clinical data of the enrolled group were col-
lected. IMN + HUA and IMN were classified into CKD1-3
according to the K/DOQI stage.

Collection of plasma, urine, and renal tissue

Venous blood and clean morning mid-stream of urine were
collected. The samples were centrifuged at 3000 rotations
per minute and 15 minutes at an average temperature using
a high-speed centrifuge.

After ultrasound-guided renal puncture, kidney tissue
specimens were stained and sectioned. The renal tissue
wax blocks were classified into 1-3 pathological stages ac-
cording to Ehrenreich and Churg classification [11].

Determination of APN and IL-1f in plasma
and urine by ELISA

slice were determined. The average optical density (AOD)
was calculated separately, and the average value was taken
as the absorbance value of the index measured for each slice.

Statistical analysis

All the data obtained in the study were processed and ana-
lyzed by IBM SPSS Statistics, Version 22.0 (IBM Corp.,
Armonk, NY, USA). The mean + standard deviation or
median (interquartile range) was used to describe the
econometric data, and the frequency and percentage of
the counting data were defined. The comparison of econo-
metric data in two groups was carried by LSD-t-test, a
non-parametric test was used to compare the homogene-
ity of normal variance between the two groups, the x* test
was used to compare the qualitative data between different
groups, and Spearman analysis was used to analyze the
correlation between the two groups.

RESULTS
Patients and controls

Basic data on the studied subjects are presented in Table 1.
There were 48 patients with IMN + HUA, and the average
age was 47.9 * 11.6 years old, including 62.5% males and
37.5% females. CKD stage 1 patients accounted for 72.9%,
2-3 stage accounted for 27.1% (CKD4, 5 patients basically
no renal biopsy); IMN patients accounted for 64.6% of
stage 1, and stage 2-3 accounted for 35.4%. Normal plasma
and urine samples were 30 cases, and the average age was
46.7 + 7.6 years old, including 56.7% for males and 43.3%
for females. Basic data on the examined patients grouped
according to histological stages of IMN, and controls were
shown in Table 2. There were 24 normal renal tissue speci-
mens with an average age of 49.7 + 11.7 years, of which
66.7% were males, and 33.3% were females. There was no
difference in age and sex between groups.

Table 1. Basic data of clinical grouping of plasma and urine samples X+ s

IMN + HUA IMN
Plasma and urine APN and IL-1p were assayed | parameter | CONtrOl n=48 n=49
with a commercially available kit (Boster Biological n=30 A A e S
Technology, Ltd). According to the manufacturer, stagell|Fstage 237 stage 1T [iage 223
Number 30 35(72.9%) | 13(27.1%) | 29 (59.2%) | 20 (40.8%)
the assay }_R}s a measurement range of 1.56-100 ng,/ Age, years | 46.7+7.6 |46.9+10.7 | 502+13.9| 52.3+9.6 |47.2+106
ml, a sensitivity of < 60 pg/ml, an intra-assay preci- Sex. m/f 1713 213 pye 18/11 1276

sion was coefficient of variation (CV) < 5.8%, and
inter-assay precision was CV < 6.9% .

AdipoR1, NLRP3 detection with

CKD - chronic kidney disease; IMN + HUA - idiopathic membranous nephropathy +
hyperuricemia; m — male; f - female

Table 2. Basic data of clinical grouping of renal tissue samples X+ s

immunohistochemical analysis of kidney tissue IMN +HUA IMN
Control n=48 n=49
Parameter n=24 IMN IMN IMN IMN

The wax block to be tested was sliced and baked.
Th h block dbvi hi Stage 1 Stage 2-3 Stage 1 Stage 2-3

en the wax block was processed by Immunohis- iy mper 24 | 31(64.6%) | 17 (35.4%) | 29 (59.2%) | 20 (40.8%)
tochemistry. Using a high-power microscope (x400),  [age vears |49.7£11.7 | 477128 | 48386 | 48196 | 51£115
each §llce was selected for five fields of view for pres-  [goy s 16/8 19/12 13/a 19/10 1377
ervation. Image analYSlS was performed lflSIIlg Image IMN - idiopathic membranous nephropathy; HUA - hyperuricemia; m - male; f -
] software, and five different areas of view of each  female
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Table 3. Expression of clinical indexes in different groups
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Laboratory data in the studied

Parameter Healthy group IMN IMN + HUA p groups
SCr (umol/L) 72+3.2 80.9+229* | 1129+17.6° 0.039*
BUN (mmol/L) 49(4.1,58) |55(4576)0| 60(3.909° | 0.045* Basal laboratory analyses are shown in
UA (mmol/L) 339.9+304 |328.5+57.2°| 449.8 +55.9** | <0.001** Table 3 and Figures 1 and 2. In com-
eGFR (mL/min per 1.73m?) 1043 +2.1 96.8 +£28.2* | 82.0+23% 0.01* parison to the control group of patients,
Cys-C (mg/L) 0.9+0.1 13+0.5° 1304 <0001 blood urea nitrogen, uric acid (UA), se-
24hUPT 0.08(0.01,0.11) [ 7.4(5.1,96) | 64(38,93)" |<0.001**|  rym creatinine, CystatinC, 24 h urine
BUN - blood urea nitrogen; UA - uric acjd; SCr- serum creatinine; eGFR - glomerular filtration rate; protein test (UPT), APN, and IL_1|3 were
gx,,SNCJ: ﬁﬁizt:gjcl,';ﬂz,j C;J z‘gr:tié)ll—;hoururlne protein test; significantly higher in the IMN + HUA
PIMN + HUA vs. IMN group (p = 0.039-0.001), while eGFR was
lower (p = 0.01). In comparison to the
o ‘ IMN group, the IMN + HUA group of
4 1l patients had UA, APN, and IL-1B higher
o % ramor] (p <0.001).
- ’ NLRP3 and AdipoR1 in
o] I renal tissue specimens with
) immunohistochemical analysis in
e ] = o three studied groups of patients
o = — of '& =i
TN THA i R TNTHOA o 3 In comparison to the IMN and the con-

Figure 1. Median values of blood (A) and urinary (B) adiponectin in three patient groups;

trol group, NLRP3 was significantly

blood and urine adiponectin values were the highest in the idiopathic membranous ne-  higher, and AdipoR1 was significantly
phropathy + hyperuricemia group of studied patients in comparison to others (p = 0.001) lower in the IMN + HUA group of pa-

tients (p < 0.001) (Figures 3A, 3B).

o] A

1,000,000

00,000

00,000

Semi-quantitative analysis by immuno-
histochemical staining showed that both
AdipoR1 and NLRP3 were expressed in
PTECs. The disease state reduced the ex-
pression of AdipoR1, but increased the
expression of NLRP3 (Figure 3C).

= Idiopathic membranous

IMN+HUA IMN N

IMN+HUA

nephropathy and hyperuricemia:
renal function, histological stages,

Figure 2. Median values of blood (A) and urinary (B) IL-1B in studied patients; bloodand  and adiponectin and IL-1f analyses
urine IL-1P values were the highest in the idiopathic membranous nephropathy + hyper-

uricemia group of studied patients in comparison to others (p = 0.001)

Comparison of CKD and histological

Table 4. Analysis of blood and urine among patients with different chronic kidney disease stages ~ Stages of IMN + HUA are pre-

and histology stages of IMN + HUA

sented in Table 4. As the stage of

. CKD CKD IMN IMN histological lesions worsens, re-
Staging 1 2-3 . tage 1 tage 2-3 . ;
- Stage Stagek nal function decreases, as well as
n 35 13 31 17 24hUPT. A comparison of APN
Sex m/f 22/13 8/5 0.552 17/14 13/4 0.193

and IL-1 analyses in blood and

Age (years) 46.9+10.7 50.2+139

0.551 476+13.1 | 483+8.6 0.865

urine in patients with different

SCr (umol/L) 66.2+12.6 | 160.9+16.6** | <0.001**

90.6+19.1* | 1169+ 13.9*| 0.032*

BUN (mmol/L) | 4.2(3.5,5.3) | 11.2(9.4,13.1)** | < 0.001**

stages of CKD and histological

47(8, 5.3(3.9,9.4)** | 0.688 changes in IMN + HUA is shown

7.4)

eGFR (mL/min 1033+
per 1.73 m?) 14.8

716+9.5% | <0.001**

89.6 +£23.2° | 854+21.9° 0.02*

in Figures 4 and 5. No significant
differences were observed among

Cys-C(mg/L) | 1.2+03° 1.54£06% | <0.001%

12405 | 13+03" |<0001* | these analyses, except for urinary

24hUPT 6.2(3.9,8.1)*| 88(2.6,11.3)

0359 |7.1(39,92)0|57 (24,991 | <0001* |  APN, which was the highest in

BUN - blood urea nitrogen; SCr - serum creatinine; eGFR - glomerular filtration rate; Cys-C - cystatin C; 24hUPT patients with stage 2-3 CKD
- 24-hour urine protein test; CKD - chronic kidney disease;

2CKD stages vs. control;

°CKD stage 1 or IMN stage 1 vs. CKD stage 2-3 or IMN stage 2-3

DOI: https://doi.org/10.2298/SARH20051903 1L

and histological stage I of IMN

+ HUA.
Correlation among examined
laboratory analyses (Table 5) showed that APN and IL-1§3
of IMN + HUA patients were positively correlated with
serum creatinine, blood urea nitrogen, UA, and 24hUPT

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):288-294
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IMN+HUA IMN N IMN+HUA IMN N
C AdipoR1 NLRP3

Figure 3. Median values of AdipoR1 (A), NLRP3 (B) and immunostaining (C) in studied
patients; AdipoR1 values (A) were the lowest in idiopathic membranous nephropathy +
hyperuricemia (IMN+HUA) group of studied patients in comparison to others (p = 0.001),
while NLRP3 (B) was the opposite; immunostaining (C) of renal tissue in normal, IMN +
HUA, and IMN (x400) (brown and yellow granules are corresponding indexes for immu-
nostaining, respectively), NLRP3 stained most obviously in IMN + HUA, while for AdipoR1

the opposite was true
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Figure 4. Median values of blood (A) and urinary (B) adiponectin in studied patients; blood
and urine adiponectin values were the highest in patients with stage 2-3 CKD and histo-
logical stage | of idiopathic membranous nephropathy + hyperuricemia in comparison to

others (p =0.001)
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(p < 0.05), negatively correlated with
eGFR (p < 0.05). IL-1P was positively
correlated with APN (p < 0.05).

NLRP3 and AdipoR1 in

renal tissue specimens with
immunohistochemical analysis
In IMN + HUA group

Immunohistochemical analysis revealed
that progression of CKD was accompa-
nied by a decrease in AdipoR1, while
NLRP3 increased gradually (Table 6).
There was no significant difference in the
AdipoR1 and NLRP3 expression related
to the severity of pathological changes in
different histological stages of membra-
nous nephropathy (p > 0.05).

In addition, the expression of AdipoR1
in PTECs of IMN + HUA was negatively
correlated with UA, 24hUPT, NLRP3,
APN, and IL-1f (Table 7). NLRP3 was
positively correlated with UA, 24hUPT,
APN, and IL-1pB (p < 0.05), and nega-
tively correlated with AdipoR1 (p < 0.05)
(Figures 6 and 7).

DISCUSSION

In recent years, researchers have shown
an increased interest in HUA and PNS.
UA is considered a marker of renal dys-
function. More and more studies show
that HUA is identified as an independent
risk factor for the occurrence and prog-
ress of PNS. Therefore, IMN + HUA pa-
tients were selected as the subjects.

APN is identified as an adipose-spe-
cific protein and primarily secreted by
adipocytes.

APN, beyond its actions in metabolic
responses such as energy metabolism reg-
ulation and insulin-sensitivity, has pleio-
tropic effects in many diseases. Studies
reported expression of AdipoR1 in glo-
merular endothelial cells, mesangial cells,
PTECs, podocytes, while renal expres-
sion of AdipoR2 was much lower than
that of AdipoR1 [12, 13]. Recent findings
revealed that APN involves in protective
effects in renal diseases, which can be fil-
tered through the kidney barrier, binding

to AdipoR1. Activation of the AMPK pathway after the bind-
ing of APN to AdipoR1 inhibits its downstream pathway,
significantly resisting stress, inhibiting protein synthesis, and
preventing fibrosis [14, 15]. Therefore, the AdipoR1-AMPK
pathway plays an important role in maintaining the normal
physiological homeostasis of the kidney [3].
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Figure 5. Median values of blood (A) and urinary (B) IL-1 in studied patients; blood and
urine IL-1P value were the highest in patients with stage 2-3 CKD of idiopathic membra-
nous nephropathy + hyperuricemia (IMN + HUA) in comparison to others (p = 0.001); no

differences in histological stages were found of IMN + HUA
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Figure 6. AdipoR1 values were the highest in patients with stage 1
CKD of idiopathic membranous nephropathy + hyperuricemia (IMN
+ HUA) in comparison to others (p = 0.001); no differences were in
histological stage of IMN + HUA

08
06

N IMN 1

IMN 1111 CKD 1 CKD 2-3

Figure 7. NLRP3 value were the highest in patients with stage 2-3 CKD
of idiopathic membranous nephropathy + hyperuricemia (IMN + HUA)
in comparison to others (p = 0.001); no histological stage differences
were found in IMN + HUA

The study confirmed that the APN decreased in patients
with coronary artery disease and metabolic syndrome [16,
17]; still, the APN was at a high level in different stages of
CKD [18, 19, 20]. This phenomenon of reverse epidemiol-
ogy may be related to an inflammatory reaction, vascular
injury, body consumption, and insulin resistance [4].

UA has recently been certified as a risk factor for the
development, prognosis, and progression of IMN [5, 6,

‘ DOI: https://doi.org/10.2298/SARH20051903 1L

ment of the IMN + HUA in the same way.

In conclusion, current studies sug-
gested that UA significantly increased
APN, AdipoR1 expression, and AMPK
phosphorylation in PTECs. Thus, we
considered that AdipoR1-AMPK pathway may become a
potential therapeutic target for IMN + HUA.

The findings of the present study showed that APN,
IL-1P, NLRP3 was higher, and AdipoR1 was lower in the
IMN + HUA group in comparison to the IMN group, in-
creasing with the progress of kidney disease, suggesting
that the inflammatory state gradually worsened. Hence,
we found that UA is a critical activating factor between the
AdipoR1-AMPK pathway and NLRP3-caspase-1-IL-1f
pathway. Regrettably, there was no apparent difference in
the above indicators in the IMN stage. The reason is that
IMN stage is based on the stage of kidney pathology under
a light microscope. Some pathological changes are between
stages 1 and 2, which is difficult to define. To investigate
whether this change is specific to IMN, detecting of the
anti-PLA2R antibody is helpful. We affirmed that there was
no significant correlation between a-PLA2R and all indexes.
Thus, we guess that this change is widespread in CKD.

The correlation analysis showed that UA and 24hUPT
are the main factors, affecting the expression of NLRP3,
AdipoR1, APN, and IL-1p. Our results are similar to a
previous study confirming 24hUPT as an independent fac-
tor affecting APN [24]. Our study also confirmes that UA
correlate to APN, IL-1B, NLRP3, AdipoR1. We speculate
that UA may also first activate the NLRP3-IL-1( pathway,
induce an inflammatory response, and promote the down-
stream signaling factors of the NLRP3 pathway to activate
the AdipoR1-AMPK pathway, thus producing the body’s
defense response in IMN + HUA.

Combined with the results of Yang et al. [10], UA can
improve the expression of APN and AdipoR1 in mice
PTECs. The promotion effect is stronger with the in-
crease of UA concentration. However, what is different
from them is that we discovered that the expression of
AdipoR1 decreases gradually with the deterioration of re-
nal function in IMN + HUA. APN is negatively correlated
with AdipoR1, considering that it is affected by underlying
kidney disease, or renal tubular damage leads to a decrease
in AdipoR1, or other factors affect AdipoR1 expression.
Receptor-ligand activation disorder may be a compensa-
tory process for kidney disease, which can predict disease
progression.

In this study, we also found that the APN pathway was
closely related to the NLRP3 pathway in IMN + HUA.
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Table 5. Correlation analysis between APN, IL-1(3, and clinical indexes in IMN + HUA

Parameter Normal renal tissue control IMN + HUA

SCr BUN UA eGFR Cys-C 24hUPT | Blood APN | Urine APN PLA2R
Blood r 0.357 0.569 0.315 -0.458 0.124 0.712 0.827 0.317 0.033
IL-18 p 0.013* <0.001%** 0.009*% 0.001* 0.400 <0.001** | <0.001** 0.011* 0.38
Urine r 0.293 0.580 0417 -0.413 0.145 0.712 0.873 0.326 0.017
IL-18 p 0.043* <0.001%** 0.006* 0.004* 0.327 <0.001** | <0.001** 0.015* 0.324
Blood r 0.190 0.395 0.691 -0.537 0.015 0.947 - - 0.110
APN P 0.196 0.005* 0.003* 0.005* 0.919 < 0.001%* - - 0.459
Urine r 0.333 0.437 0.370 -0.340 0.046 0.836 - - 0.047
APN P 0.021* 0.002* 0.047* 0.018* 0.756 <0.001** - - 0.331

BUN - blood urea nitrogen; UA - uric acid; SCr - serum creatinine; eGFR - glomerular filtration rate; Cys-C - cystatin C; 24hUPT - 24-hour urine protein test;
APN - adiponectin; IMN + HUA - idiopathic membranous nephropathy + hyperuricemia

Table 6. Difference analysis of renal tissue indexes in patients with different CKD stages and IMN stages IMN + HUA

Staging Normal renal IMN + HUA
tissue control CKD 1 CKD 2-3 p IMN Stage 1 IMN Stage 2-3 p
AdipoR1 (AOD value) 1.6+04 0.7+0.1° | 0.5+£0.2?0 < 0.001** 0.6 +£0.2° 0.6+0.2° <0.001**
NLRP3 (AOD value) 0.8+0.1 1.1+£0.2° | 1.4+£0.3% <0.001%** 1.2+0.2° 1.2+0.2° <0.001**
IMN + HUA - idiopathic membranous nephropathy + hyperuricemia; CKD - chronic kidney disease;
2CKD stages vs. control;
CKD stage | vs. CKD stage 2-3
Table 7. Analysis of the correlation between AdipoR1 and clinical indexes in renal tissue of IMN + HUA
Parameter SCr | BUN UA | eGFR | CysC | 24hUPT B)\‘;‘,’\ld lj;,',’;le ?'L°1°§ lIJL”:‘g NLRP3 | PLA2R
AdipoR1 r | -0.151 -0.317 | -0.487 0.494 -0.124 | -0.438 | -0.855 -0.338 | -0.858 -0.892 -0.839 0.092
p | 0307 0.028* | 0.004* | 0.007* 0.402 0.005* | 0.009* | 0.019* | 0.008* | 0.006* | 0.007* 0.17
NLRP3 r 0.378 0.265 0.705 -0.333 0.205 0.522 0.760 0.471 0.771 0.874 - 0.142
p | 0.008* 0.069 0.002* | 0.021* 0.161 0.003* | 0.002* | 0.018* | 0.006* | 0.005* - 0.273

BUN - blood urea nitrogen; UA - uric acid; SCr - serum creatinine; eGFR - glomerular filtration rate; Cys-C — cystatin C; 24hUPT - 24-hour urine protein test;
APN - adiponectin; IMN + HUA - idiopathic membranous nephropathy + hyperuricemia

Considering that UA should mainly stimulate the produc-
tion of APN through the NLRP3 pathway, but there are not
enough receptors. The body’s self-regulation was unbal-
anced. It is well known that IMN belongs to refractory
kidney diseases, and the treatment plan of IMN is only
limited to treating with hormone combination immuno-
suppressants debilitating effect, high recurrence rate, and,
if possible, increase in the expression of AdipoR1, or it can
be one of the new treatment routes of the IMN + HUA.
As for the mechanism that affects AdipoR1 expression, we
need to further explore in vitro basic experiments.
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CAXETAK

YBopa/Uum OBa cTygumja umana je 3a Lub fa NpoLeHn npo-
MeHe agvnoHekTrHa (APN), IL-1(3, peLuenTop 3a aavnoHeKTHH
1 (AdipoR1) n NLRP3 ekcnipecujy 60necH1Ka ca MonaTckom
MeMbpaHo3HoM HedponaTujom (IMN) KOMNAMKOBaHOM Xune-
pypuuemmjom (HUA) n aHanusmpa ogHoc nsmehy ctasa APN 1
cta3a NLRP3.

Metope M3abpaHo je 48 6onecHuka ca IMN + HUA, 49 6onec-
HuKa ca IMN, 30 3apaBux 6onecHWKa 1 aHanm3npaHa cy 24 cny-
yaja 3apasor 6ybpexHor Tkmsa. APN u IL-1[3 cBake rpyne cy
yTBpheHn metogom ELISA. AdipoR1 n NLRP3 y 6y6pexHOM TKMBY
cy yTBpheHn nMyHOXCToxeMujoM. MPUKYMIbeHN CY KNMHUYKA
nofAaLm cBaKe rpyne v aHanusvpaHa je sesa namehy APN, IL-16,
AdipoR1, NLRP3 v fpyrux nHaekca.

DOI: https://doi.org/10.2298/SARH20051903 1L

Pesynratm (1) HuBowu ekcnpecuje UA, APN, IL-13 v NLRP3 y
rpynu IMN + HUA 6unu cy 3HauyajHO BMLIW Of OHUX Y rpynu
IMN, anv HMBO ekcnpecuje AdipoR1 je 6uo HuXw. (2) Y pasnu-
yntum dpasama CKD n IMN, c nopactom daze CKD, H1BOU eKc-
npecuje APN, IL-1B n NLRP3 u3 rpyne IMN + HUA nocteneHo
cy ce noehaBanu, a HUBO ekcripecuje AdipoR1 nocTeneHo ce
cmarbusao. Mehytum, y dasm IMN HaBefieHV noKasaTesby HUCY
ce 3HavajHuje MPOMEeHWIN.

3akmyuak CurHanHu nyT AdipoR1-AMPK n NLRP3-caspase-1-
IL-13 moxe urpatv BaxHy ynory kog IMN + HUA 6onecHuka.
MHTepBeHUMja HaZ 0Ba AiBa MyTa MOXe OUTK Of BEJIMKe BaXK-
HOCTW 3a NojaBy 1 HampefoBake 6onecTy Kof 6onecHrKa ca
IMN + HUA.

KmyuHe peun: agunoHektuH; AdipoR1; NLRP3; HedponaTuja
nanonatcke membpaHe; xvnepypuuemuja
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SUMMARY

Introduction/Objective The aim of the study was to examine the progression of diabetic nephropathy
(DN) in a prospective three-year period as well as to establish the risk factors for DN progression.
Methods The study involved 45 patients with type 2 diabetes and DN (26 males, aged 18-62 years) fol-
lowed up for three years. All the patients underwent physical examination and laboratory analysis at each
visit. Laboratory analyses included complete blood count, serum glucose, urea, creatinine, protein, lipid
concentration, glycosylated hemoglobin (HbA1c) and urine protein, albumin and creatinine concentra-
tion. Glomerular filtration rate (GFR) was calculated using Modification of Diet in Renal Disease formula.
Kidney length and parenchymal thickness were measured by ultrasound.

Results Fasting serum glucose concentration (12.0 £ 2.79 vs.9.50 + 2.22, p < 0.001) and HbA1c (7.99 £ 1.43
vs.7.49 £1.29, p < 0.031) were decreased over the three years. Albuminuria increased (43.75 + 10.83 vs.
144.44 + 52.70 mg/l, p < 0.001) and GFR (63 vs. 58.3 ml/min/1.73 m?) decreased significantly during the
study, but serum lipid concentration remained unchanged. Mean kidney length and parenchymal thick-
ness decreased during the three years. Linear regression analysis found systolic blood pressure, fasting
glycemia, HbA1c as positive and kidney length and parenchymal thickness as negative predictors of
proteinuria increase, but proteinuria as negative and serum iron and albumin concentrations as positive
predictors of annual change in GFR.

Conclusion High blood pressure and high HbA1c are selected as significant risk factors for increasing

proteinuria, which is a significant predictor of GFR decreasing in patients with DN.
Keywords: diabetic nephropathy; progression; risk factors

INTRODUCTION

Diabetes mellitus (DM) is a major health prob-
lem impairing the quality of life and diminish-
ing the life expectancy of millions of people [1].
The frequency of DM is enormously increasing
worldwide, thus more and more people are ex-
posed to the risk of developing diabetic com-
plications. Diabetic nephropathy (DN) is one
of the most detrimental consequences of DM
regarding patients” quality of life and survival
[2]. It affects more than 20% of all diabetic pa-
tients, and due to limited therapeutic options
it remains the leading cause of chronic kidney
disease [3]. DN is a leading cause of end-stage
kidney disease (ESKD) in developed countries.
The clinical diagnosis of DN is based on the
presence of albuminuria and/or reduced esti-
mated glomerular filtration rate (GFR) in the
absence of signs or symptoms of other primary
causes of kidney damage [4].

International organizations have predicted
epidemic proportions of DN and have antici-
pated that the incidence of DN will dramatically
increase by 2050. In addition, DN is associated
with a high cardiovascular mortality and fre-
quent development of ESKD [5]. The prevalence
of DN patients on regular dialysis in Bosnia and

Herzegovina is also increasing and between 2002
and 2014 it has increased from 39.6 to 142 pa-
tients per million [6]. The only way to decrease
an unceasing rise in the number of patients with
DN is persistent implementation of DN preven-
tion and regular screening. The preventive mea-
sures should be directed at the risk factors for
the occurrence and progression of DN and the
screening for DN should begin from the time of
diabetes diagnosis as it is observed that about 7%
of the patients diagnosed with diabetes already
have microalbuminuria (7, 8, 9].

The aims of this study were to examine the
progression of DN in a prospective three-year
period as well as to establish the risk factors for
DN progression.

METHODS

The study involved 45 patients with type 2
diabetes and DN including 26 males and 19
females, with the average age being 61.24 years
(18-62 years). The patients were selected from
a population of patients with type 2 diabetes
and DN who regularly control themselves
in the Outpatient Department for Internal
Medicine of the University Hospital in Foca,
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both by an endocrinologist and a nephrologist. The criteria
for diagnosis of DN were as follows: persistent albuminuria
> 300 mg/g creatinine, existence of diabetic retinopathy,
exclusion of other kidney or renal tract diseases. The pa-
tients who were successively visiting the abovementioned
department and whose GFR was above 30 ml/min/1.73 m?,
were included in the study. The patients with any malig-
nancy, serious hepatic failure, those who suffered myocar-
dial infarction or even cerebrovascular insult in the past
six months, as well as patients with any kidney disease
apart from DN were not included in the study. The selected
patients were followed up for three years and only those
who came to the control at least once a year during those
three years were included in the analysis.

All the patients were interviewed, subjected to physical
examination including measuring of blood pressure and
calculating body mass index (BMI) and electrocardiogra-
phy. Physical examination and laboratory analyses were
performed at each patient’s visit. During the three-year
study, we tried to achieve optimal glycoregulation and
regulation of blood pressure with the use of renin-angio-
tensin—aldosterone system inhibitors (RAASi), considering
it the basic strategy for slowing down DN progression, but
we also advised patients on the importance of diet, physical
activity, smoking cessation.

Laboratory analyses were performed at the Department
of Biochemistry and Hematology at the Foc¢a University
Hospital and they included complete blood count, measur-
ing of creatinine concentration by modified Jaffe method
(Beckman Creatinine Analyzer II; Beckman Coulter, Inc.,
Brea, CA, USA), as well as concentrations of serum glucose,
protein, lipid and urine creatinine determined by standard
biochemical methods on biochemistry analyzer of the
Abbott Laboratories, Chicago, IL, USA (Alcyon Analyzer
SA). Glycosylated hemoglobin (HbA1c) is expressed as
percentage and determined by using automated high-per-
formance liquid chromatography systems. All laboratory
analyses were performed at each patient’s visit except serum
lipid and blood protein concentrations, which were deter-
mined at the beginning and at end of the study. Also, we did
not have the opportunity to regularly measure albumin in
urine, but all patients underwent this analysis at the begin-
ning of the study because it was one of the criteria for DN.

Urine proteins are expressed by the ratio of urine pro-
tein and creatinine concentration (cut off value being
20 mg/mmol). Urine albumins were measured by color-
photometric method with bromocresol green (Olympus
AU 400 analyzer, Olympus Co. Ltd., Tokyo, Japan) and
expressed by the ratio of albumin and creatinine concen-
tration (cut off value being 3.4 mg/mmol).

GFR was calculated by the Modification of Diet in Renal
Disease formula [10]. The progression of DN was assessed
on the basis of proteinuria change during the three-year
study and expressed by the difference in proteinuria values
at the third and first examination. The annual change in
GEFR was the second indicator of DN progression calcu-
lated as the ratio of the difference in GFR at the first and
the third examination, divided by the number of years
between these examinations.

‘ DOI: https://doi.org/10.2298/SARH200809013K
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A kidney ultrasound examination was performed by
an experienced doctor in ultrasound diagnostics on a
GE LOGIQ P5 ultrasound instrument (GE Healthcare,
Chicago, IL, USA) with a 3.5 MHz convex probe.
Craniocaudal diameter and parenchymal thickness of the
kidney were measured and expressed in millimeters.

Statistical analysis

Continuous variables are presented as the arithmetic
mean and standard deviation or as a median and inter-
quartile range depending on the characteristics of the
variable, while categorical ones are presented as frequen-
cies. Applying the Kolmogorov-Smirnov test, the type
of distribution of all variables was examined. For the
analysis, ANOVA with Bonferroni test, Kruskal-Wallis
test, Student’s t-test, Wilcoxon test and x* test were used
as appropriate. Linear regression analysis was used to ex-
amine the association of GFR and proteinuria change and
demographic, clinical, and laboratory variables.

IBM SPSS Statistics, Version 21.0 for Windows (IBM
Corp., Armonk, NY, USA) and MedCalc for Windows,
version 12.5 (MedCalc Software, Ostend, Belgium) were
used for statistical analysis.

This study protocol was done in accordance with the
ethical principles of the Declaration of Helsinki. All study
participants gave their informed consent and the study was
approved by Committee on Ethics of the Fo¢a University
Hospital (2/20).

RESULTS

Table 1 shows the main data of examined patients. The
average age of the patients at the time of setting the dia-
betes diagnosis was 51.64 years, while the average diabetes
duration was 10.13 years.

Table 1. Main data about the examined patients with diabetic ne-
phropathy at the beginning of the study

Sex, male 26 (57.8%)
Age, years 61.24+11.18
DM duration, years 10.13+7.87
Age at the time of DM diagnosis, years 51.64+13.03
Hypoglycemic oral agents 18 (40%)
Type of treatment Insulin 12 (26.7%)
Combined 13 (28.9%)
Missing data 2 (4.4%)
Family history of DM, yes 22 (48.9%)
. . Yes 6(13.3%)
Cigarette smoking
Former smoker 9(20%)
Alcohol Yes 8(17.8%)
] ] ACEI 35 (77.8%)
frg;':‘n{‘é’ﬁ?ens“’e ARB 5(11.1%)
ACEl + CCB 5(11.1%)

Results are presented as numbers (%) or as mean + standard deviation;
ACEI - angiotensin-converting enzyme inhibitors; ARB — angiotensin receptor
blockers; CCB - calcium channel blockers
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Table 2. Changes in laboratory parameters, body mass index, and blood pressure in the three-year-long study

1 2 3 p

Laboratory parameters initial visit after after

19.8 £ 2.1 months 37.7 £ 2.7 months 1-2 2-3 1-3
f:;:':l/gl serum glucose, 12£279 11.9£2.06 954222 0.014 0068 | <0.001
HbA1c % 7.99+1.43 7.81+1.32 749+1.29 0.241 0.003 0.031
BMI, kg/m? 2847 +4.14 29.05+44 27.76 £ 4.05 0.156 0.004 0.002
Systolic BR, mmHg 146.44 +24.18 141.67 +22.21 136.55+12.52 0.144 0.336 0.017
Diastolic BP, mmHg 85.78 £9.83 83.44 £ 8.97 82.38 £ 6.56 0.211 0.618 0.038
Urea, mmol/I 8.2+43 10.57 £6.29 10.22 £ 6.77 0.008 0.698 0.060
Creatinine, pmol/I 98 (88.0-118.5) 100 (84-162) 92.5(79-129) 0.043 0.939 0.343
GFR, ml/min/1.73 m? 63 (52-80) 56 (40-85) 58.3(38.0-89.8) 0.365 0.306 0.030
Erythrocytes x 10'%/I 4.28 +£0.58 4.2 +0.69 4.0+0.39 0.770 0.009 0.004
Hemoglobin, g/I 127.5+19.58 120.2 £21.96 115.82 + 14.52 0.015 0.023 < 0.001
Albumins, g/l 36.09 = 5.65 - 35+437 - - 0.142
Proteins, g/l 63.77 +7.24 - 63.5%6 - - 0.881
Total cholesterol, mmol/I 5.91+1.55 - 5.66 +1.31 - - 0.283
Triglycerides, mmol/I 233+09 - 234+1.03 - - 0.856
HDL cholesterol, mmol/I 0.9+0.26 - 0.96 +£0.43 - - 0.334
LDL cholesterol, mmol/I 3.97+1.38 - 3.76 +1.22 - - 0.244

Data are expressed as mean + standard deviation or as median and interquartile range; statistical significance of the difference was calculated using Student’s

t-test and Wilcoxon test;

HbA1C - hemoglobin A1C; BP - blood pressure, HDL - high-density lipoprotein; LDL - low-density lipoprotein; BMI - body mass index

Table 3. Changes in albuminuria, proteinuria, kidney length, and parenchymal thickness in the patients with diabetic nephropathy over three years

Laboratory parameters N ! . 2 3 2
initial visit | after 19.8 + 2.1 months | after 37.7 + 2.7 months 1-2 2-3 1-3

U-albumin, mg/I 43.75+10.83 144.44 £ 52.7 . <0.001 . .
U-protein, g/day 0.39(0.18-1.1) 0.78 (0.44-1) 0.5(0.27-1.1) 0.006 0.449 0.040
P/Cr, mg/mmol 96.2 (33-152) 143 (59.3-313.9) 136.6 (66.0-352.9) 0.013 0.001 0.039
Right kidney length, mm 117 £5.16 114.53 £ 6.61 113.7£7.54 0.007 0.030 0.002
Right kidney parenchymal thickness mm | 16.31+2.43 15.63 +2.34 15.22+2.22 0.178 0.418 0.037
Left kidney length, mm 118.48 £4.61 114.24 £ 18.64 115.94 £7.54 0.119 0.523 0.004
Left kidney parenchymal thickness, mm 17.05+3.19 16.31+3.04 15.88 £2.57 0.283 0.471 0.046
Mean kidney length, mm 117.88 £3.95 115.83 £6.07 114.85+7.14 0.010 0.032 0.001
Mean kidney parenchymal thickness, mm | 16.79 +2.79 16.18 £ 2.75 15.71+217 0.299 0.381 0.042

Data are represented as mean + standard deviation or as median and interquartile range; statistical significance of the difference was calculated using Student’s

t-test or Wilcoxon test

The patients regularly visited their family physicians,
and they visited a nephrologist twice a year. Table 2 shows
the values of the monitored parameters recorded on ne-
phrologist examinations at the beginning of the study, in
the middle of the study, i.e. after about 18 months, and at
the end of the study. Fasting serum glucose concentra-
tions and HbAlc values were above the recommended
limit during all three years, although at the very begin-
ning of the study these values were significantly higher
than after three years (HbAlc: 7.99 + 1.43 vs. 7.49 + 1.29,
p <0.031). The BMI of patients increased during the first
18 months, and then BMI decreased significantly. Systolic
and diastolic blood pressure decreased significantly over
the three years. All the patients were on antihypertensive
therapy and 77.8% of them used angiotensin-converting
enzyme inhibitors, 11.1% angiotensin II receptor blockers,
and 11.1% angiotensin II receptor blockers plus calcium
channel blockers. There were no changes in the type of an-
tihypertensive drugs during the follow-up but their doses
have been changing according to blood pressure values.

During the first 18 months of the study, serum con-
centration of urea and creatinine increased significantly.
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The median GFR decreased from 63 ml/min/1.73 m*to
58.8 ml/min/1.73 m?* over the three years and the differ-
ence was significant (Table 2).

Albuminuria increased from 43.75 + 10.83 mg/l to
144.44 + 52.70 mg/1 (p < 0.001) and proteinuria from
0.39 g/day to 0.78 g/day (p = 0.006) between the first and
the second examination, but proteinuria changed insigni-
ficantly until the end of the study (Table 3). Kidney length
and parenchymal thickness decreased and the dimensions
measured at the beginning and end of the study differed
significantly.

Table 4 shows the results of linear regression analysis in
which the dependent variable was the difference in pro-
teinuria measured at the end and at the beginning of the
study, and the independent variables all demographic, clin-
ical, and laboratory variables. Due to the relatively small
group and the collinearity among some variables, several
models were used in this analysis. Only those variables that
are statistically significantly associated with proteinuria
change are shown. The analysis identified systolic blood
pressure and fasting glycemia at the end of the study as well
as HbAlc measured at the second examination as positive
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Table 4. Factors associated with the difference in proteinuria at the
end and at the beginning of the study.

Parameters B p 95% ClI
Systolic blood pressure 3, mmHg 6.05 | 0.049 | 0.29-12.80
Kidney length 3, cm -22.05 | 0.003 | -35.98—-8.12
Parenchymal thickness 1, mm -83.65 | 0.038 |-162.13--5.16
Fasting plasma glucose 3, mmol/I | 72.61 | 0.024 | 10.13-135.08
HbA1c % 2 114.75| 0.043 | 4.14-225.35

Table 5. Factors associated with annual change in glomerular filtra-
tion rate in patients with diabetic nephropathy (multivariate linear
regression analysis)

Parameters B p 95% Cl
P/Cr 2, mg/mmol -0.04 0.002 -0.072--0.02
Iron, mmol/I 1.55 0.007 0.47-2.64
Albumins 2, g/I 13 0.032 0.12-2.47

predictors and kidney length at the end of the study and
parenchymal thickness at the beginning of the study as
negative predictors of difference in proteinuria.

Univariate linear regression analysis was used to select
the variables associated with the annual change in GFR.
Systolic blood pressure at the end of the study, kidney
length and parenchymal thickness both at the beginning
and at end of the study, as well as proteinuria at the be-
ginning of the study were identified as negative predic-
tors, while hemoglobin, albumin, and iron concentrations
were selected as positive predictors of annual GFR change.
These variables, which were found to be significantly as-
sociated with GFR change by univariate linear regression
analysis, were combined in the multivariate analysis. This
analysis identified proteinuria as negative and serum iron
and albumin concentrations as positive predictors of an-
nual change in GFR.

DISCUSSION

The main objective of this study was to determine risk
factors for DN progression. The study included 45 patients
with type 2 diabetes and DN who were followed up for
three years. During the three-year follow-up, glycoregula-
tion as well as regulation of hypertension improved signifi-
cantly. Also, BMI decreased significantly, but serum lipid
concentrations did not change. At the same time, GFR
was significantly decreased, albuminuria and proteinuria
increased, and even kidney length and kidney parenchymal
thickness were significantly decreased. Linear regression
analysis showed that proteinuria increased more over a
three-year period if systolic blood pressure, fasting gly-
cemia and HbAlc were greater and kidney length and
parenchymal thickness were lesser. Univariate linear re-
gression analysis showed that the annual decrease in GFR
was significantly associated with systolic blood pressure,
kidney length and parenchymal thickness, proteinuria, he-
moglobin but also serum albumin and iron concentrations.
Multivariate analysis identified only proteinuria as negative
and serum iron and albumin concentrations as positive
significant independent predictors of annual GFR change.

‘ DOI: https://doi.org/10.2298/SARH200809013K
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Two major risk factors for the occurrence and pro-
gression of DN are hyperglycemia and hypertension.
Hyperglycemia is a major pathogenic factor for the occur-
rence of DN, and numerous studies have confirmed that
intensive diabetes therapy and achieving of glycemic target
values can prevent or postpone the onset of albuminuria,
as well as the progression of DN [11, 12]. Early aggressive
treatment of hyperglycemia seems to be important and
early favorable glycemic environment is remembered so
itis called “metabolic memory” [13]. In the present study,
a significant decrease in both fasting glycemia and HbAlc
during the three-year follow-up of patients with type 2 dia-
betes and DN was shown. Both of these biomarkers were
also identified by linear regression analysis as predictors of
worsening proteinuria. These results confirmed the results
of many other studies about the importance of glycoregula-
tion for DN progression. Particularly significant is the fact
that better glycoregulation can slow down the progression
of DN even if this better glycoregulation is achieved in
patients who have had diabetes for many years. In patients
included in our study, at the time of study inclusion, diabe-
tes lasted 10.13 years on average, yet in 24.4% of patients,
proteinuria did not increase or even decrease, and in 35.5%
it increased by less than 100 mg/mmol. Linear regression
analysis showed that an increase in proteinuria was asso-
ciated with fasting glycemia and HbA1c, not with values
at the beginning of the study but with values measured at
the end of the second or the third year of the study. This
indicates that if patients with diabetes lasting more than 10
years achieve better glycoregulation, proteinuria will be af-
fected. Such results have been shown in patients with type
1 diabetes but less frequently in patients with type 2 [14].

In contrast to the association between proteinuria
and glycoregulation, there are results on the effect of
glycoregulation on GFR. Coca et al. [14], in a large-scale
meta-analysis involving 28,065 adult patients with type
2 diabetes, found that intensive glycoregulation did not
affect the increase in serum creatinine concentration or
the development of ESKD. Similar to these results, our
study’s linear regression analysis isolated no biomarkers
of glycoregulation as significant factors associated with
annual GFR change. Coca et al. [14] considered that this
lack of association between glycoregulation and changes
in GFR was a consequence of the late detection of type 2
diabetes and DN. Therefore, at the time of detection, pa-
tients have GFR within normal limits but most probably
significant pathomorphological changes in the kidneys.
Our results confirmed this assumption. A significant de-
crease in kidney length and kidney parenchymal thickness
was recorded over the course of three years. This decrease
could not have happened if there were no morphological
changes at the beginning of the study.

Hypertension is another significant risk factor that has
been pointed out by numerous studies, and the achieve-
ment of target blood pressure has proven to be a significant
measure of primary and secondary prevention of DN as
well as cardiovascular diseases, the most common cause of
death in diabetes [9, 15]. In most patients with type 2 dia-
betes, hypertension exists even before diabetes is detected.
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Our study confirmed the significance of elevated blood
pressure for DN progression. Systolic blood pressure at the
end of the third year of the prospective study were selected
as significant factor associated with both an increase in
proteinuria and a decrease in GFR.

RAAS; are the standard treatment in the care for hyper-
tensive patients with DM, especially when renal involve-
ment is present [15, 16]. RAASI, even in non-antihyperten-
sive doses, decreased the production of profibrotic factors
and directly prevented fibroblast activation [17]. Ramipril
may protect the kidneys by suppressing insulin-like growth
factor-1 and mitigating the accumulation of renal mesan-
gial matrix [18]. All these findings suggest a novel thera-
peutic role of RAASI in slowing down of DN progression.
In people with advanced chronic kidney disease, stopping
renin-angiotensin—aldosterone system inhibition was asso-
ciated with higher absolute risks of mortality and major ad-
verse cardiovascular events, but also with a lower absolute
risk of initiating kidney replacement therapy [19]. There
are many RAASi available on the market, but a small num-
ber of papers compare the renoprotective effect of different
RAASI in patients with DN [20]. Finally, a recent network
meta-analysis comparing the effects of antihypertensive
agents in diabetic patients with kidney disease showed that
combination of fosinopril and amlodipine appeared to be
the most efficacious in reducing proteinuria [21].

Although our previous studies have shown that pri-
mary care physicians know that RAASi have the greatest
renoprotective effect and the greatest number of patients
with diabetes and hypertension are treated with RAASI,
there is insufficient insistence on achieving the target blood
pressure [22]. KDOQI guidelines recommend target blood
pressure < 140/90 mmHg for patients with diabetes with-
out proteinuria, while for those with albuminuria blood
pressure < 130/80 mmHg is recommended [23]. Our na-
tional guidelines recommend that in patients with DN, a
target blood pressure lower than 130/80 mmHg may be
considered appropriate, dependent on the patient’s char-
acteristics, comorbidity or response to therapy [24]. Given
that our study included patients who were most commonly
in their seventh decade of life and with different comorbid-
ities, we considered blood pressure below 140/90 mmHg to
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be the targeted one and we achieved this in most patients
during the study.

Obesity and arterial hypertension were found in a sig-
nificant number of patients included in our study. The av-
erage BMI was about 27 kg/m? Regular check-ups during
this prospective study most likely contributed to the fact
that the average BMI value significantly decreased over the
three years, so BMI does not appear as a significant factor
associated with an increase in proteinuria, or a decrease
in GFR. This confirms the well-known view that changes
in diet and lifestyle, as well as physical activity, which can
lead to weight loss, are significant measures of prevention
of type 2 diabetes and DN [25].

Dyslipidemia is considered to be one of the factors that
affect the progression of DN [26]. Although the concen-
trations of all four lipids controlled in our patients were
higher than those recommended by the guidelines, none
of these four lipids were selected as a factor associated with
an increase in proteinuria or a reduction in GFR.

The importance of the present study is that, for the first
time, risk factors for the occurrence and progression of
DN have been examined in the Republic of Srpska and
Bosnia and Herzegovina. The major disadvantage of the
study is the relatively small number of patients included in
the studies. In addition, to examine the progression of DN
and its outcome, it would be important that the follow-up
period was longer than three years, which would allow
establishing not only the deterioration of kidney function
but also by the occurrence of ESKD.

CONCLUSION

The study found that type 2 diabetes is discovered late, that
patients are burdened with a numerous changeable and
unchangeable risk factors for DN. High blood pressure
and high HbAIc levels proved to be the most significant
risk factors for the progression of DN, while more effective
regulation of these factors slowed down its progression.
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AHanu3a ¢paKTopa puU3MKa 3a nporpecujy aujabetecHe HepponaTtuje Kog 6onecHnka

ca aujaberecom Tvna 2

MapujaHa Kosauesuh'?, Makcum Koauesuh'?, Bepuua MpogaHosuh'2, Onveepa YaHuap'?, CHexaHa Mannw'?,

Bnagumup Yanuap'? Jbybuua hykaHouh*

'YHuBep3uTeTcka 6onHuua Goua, Doua, Penybnuka Cpncka, BocHa 1 XepLerosuHa;
2Ynueepautet y MictouHom CapajeBy, MegnunHcku pakyntet y Goun, Doua, Penybnuka Cpncka, BocHa n XepuerosuHa;

*YHusep3utet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

“Cpncko nekapcko ApyLTBo, AKasemmja MefuumMHCKnX Hayka, beorpag, Cpbuja

CAXETAK

Yeoa/LUum Lins paga 6vio je fa ce ucnuta nporpecuja auvja-
6eTecHe HepponaTuje (OH) y Tporoguiitbem nepuogy v Aa ce
yTBpIe dakTopm prsrka 3a nporpecujy OH.

Mertope Cryauja je obyxsaTuna 45 6onecHuka c grjabetecom
Tuna 2 n AH (26 mywkapaua, ctapoctv og 18 fo 62 roguHe)
Koju cy npaheHu Tpu rogrHe. CBUM 6onecHuLrma cy ypaheHu
du3vKanHy npernen n nabopatopujcke aHann3e NPUANKOM
cBaKkor npernega. Jlabopatopujcke aHanm3e cy ykibyymsane
KOMMIETHY KPBHY CIIUKY, CEPYMCKY FITyKO3y, ypey, KpeaTuHUH,
NpoTerHe, KOHLEHTPaLWjy IMNKAA, FMKO3UIMPaHN XeMOTJIO-
6vH (HbATc), KOHLEHTPaLMjy NpoTeNHa, anbymrHa 1 Kpeatu-
HVHa Y ypuHy. JaurHa rnomepynapHe duntpauuje (JId) nspa-
yyHaTa je kopuwherem popmyne Modification of Diet in Renal
Disease. [ly»xviHa 6ybpera 1 fie6/b1mHa napeHxnuma nsmepeHu
Cy YNTPa3ByKOM.

Pesyntatn KoHLeHTpaumje ryko3e y cepymy HawTe (12,0 + 2,79
vs.9,50 + 2,22, p < 0,001) n HbATc (7,99 + 1,43 vs. 7,49 + 1,29,
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p < 0,031) cmarbmBane cy ce TOKOM TpU roguHe. AnbymMuHypuja
ce noehana (43,75 + 10,83 vs. 144,44 £ 52,70 mg/l, p < 0,001)
1 JTO ce 3HavajHO cmarbuna (63 vs. 58,3 ml/min/1,73 m?) Tokom
CTyAuje, NOK je KOHLeHTpaurja nunuaa y cepymy octana He-
npomeneHa. Cpefha fyxuHa bybpera n febsbrHa napeHxmma
CMatbuIe Cy ce TOKOM Tpu roamnHe. JInHeapHOM perpecrioHoM
aHanm3oMm yTBpHEHO je Aa Cy CUCTOSHW KPBHYW NPUTUCAK, FNKe-
Muja HawTe, HbATc No3uTrBHY, a fy»nHa 6ybpera v febrbmHa
napeHxvMa HeraTVBHU NpeaukTopu nosehara NpoTenHypuje,
[OK je NpoTerHypwrja N3ABOjeHa Kao HeraTuBaH, a KOHLeHTpa-
umnja reoxxha v anbymmHa y cepymy Kao no3uT1BHN NPeANKTOP
ropuiitbe npomexe JIQ.

3aksbyuak Brcok KpBHU NpuTHCaK 1 BUCOK HbATc n3pBojeHn
Cy Kao 3HauajHu dakTopy pu3nKa 3a noBeharbe npotenHypuje,
Koja je 3HauajaH npeAuKTop cMarberba JID Kog 6onecHriKa ca [IH.

KmyuHe peun: gujabetecHa HepponaTtuja; nporpecuja; bak-
TOpV pu3riKa
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SUMMARY

Introduction/Objective Spinal anesthesia is often used for hip endoprosthesis surgery. Significant surgi-
cal stress response consisting of hormonal, metabolic and inflammatory changes can be initiated by the
hip replacement surgery. Intrathecal opioids, as adjuvants to local anesthetics, make spinal block sufficient
even with lower doses of the local anesthetics, and the incidence of the side effects reduce to minimum.
Methods This study included 162 patients of either sex, American Society of Anesthesiology classification
(ASA) 1-2, scheduled for total hip arthroplasty. The patients had spinal anesthesia with 10 mg of 0.5%
bupivacaine with 20 pg (Group ), or 25 pg (Group Il) or 30 pg fentanyl intrathecally (Group IlI).

Results Mean time to achieve maximum motor and sensory blockade was with no significant difference
among the groups. Time of motor block duration was shorter in the Group lll. Four hours after the op-
eration, patients in the Group | had significantly higher cortisol serum levels. Blood glucose levels were
with no significant difference among the groups. Levels of CRP increased remarkably postoperatively in
the Group I. Incidence of hypotension, bradycardia, nausea and vomiting was significantly higher in the
Group llI. Pruritus and shevering were not recorded among the groups. The first time an analgetic was
needed postoperatively was the longest in the Group Il

Conclusion The dose of 10 mg of bupivacaine combined with 25 ug fentanyl was the optimal option to
achieve hemodynamic stability, sufficient sensory and motor blockade, and reduce the stress response

and incidence of the opioids side effects such as vomiting, nausea, pruritus etc.
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INTRODUCTION

Significant surgical stress response consisting of
hormonal, metabolic and inflammatory changes
can be initiated by the hip replacement surgery
[1, 2]. The controlled trauma of a surgical in-
sult activates the afferent nerve signals from the
surgical site and stimulates the production of
corticotrophin-releasing hormone and arginine
vasopressin. These peptides stimulate secretion
of adrenocorticotropic hormone which stimu-
lates cortisol secretion [3]. The effects of corti-
sol in the setting of surgical stress include sup-
pression of insulin and mobilization of energy
stores, increased proteolysis, sodium and water
retention leading to preservation of blood pres-
sure, suppression of the immune inflammatory
response and delayed wound healing through
its effects on collagen synthesis. Cortisol enables
the synthesis and release of catecholamines and
contributes to normal vascular permeability, vas-
cular tone, and myocardial contraction by regu-
lating B-receptor synthesis and regulation [4, 5].

Spinal anesthesia is often used for hip endo-
prosthesis surgery. During a spinal anesthesia

there are many side effects as a result of sym-
pathetic nervous system blockade. Post spi-
nal anesthesia hypotension is caused by the
decrease in the sympathetic outflow causing
arterial vasodilatation, a decrease in venous
return and consequently the activation of the
Bezold-Jarisch reflex that elicits a triad of
bradycardia, vasodilatation and further hy-
potension [6]. The incidence of hypotension
during the spinal anesthesia is about 16-33%
[7]. Compensatory mechanisms are generally
more effective in young patients [8]. In elderly
patients there are reduced physiological reserve
and associated comorbidities [9]. Acute hypo-
tension reduces cerebral perfusion, which leads
to transient ischemia and activates the vomit-
ing center [10]. To reduce the incidence and
severity of hypotension, various strategies have
been developed: preloading/co-loading fluids,
use of vasoconstrictors and low doses of local
anesthetics [11, 12].

Spinal anesthesia can provide good peri-
operative pain control. The pre-surgery block
contributes to intra-operative analgesia and
reduces the need for other analgesics [13].
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The use of the lower doses of local anesthetics combined
with opioids, while providing a spinal block, may result in a
better hemodynamic response of the patients and minimal
incidence of the side effects [14, 15]. Besides analgesia,
this anesthetic technique protects patients by reducing the
immune response and the incidence of the postoperative
complications.

The aim of this study is to compare the efficiency of
three different intrathecal doses of fentanyl (20 pg, 25 ug
and 30 pg) added to standard dose of local anesthetic (2 mg
0.5% bupivacaine) during the elective hip replacement sur-
gery. The efficiency of the opioid used refers to less surgical
stress, less side effects and longer duration of analgesia.

METHODS

All procedures performed in the study involving human
participants were done in accordance with the ethical stan-
dards of the Helsinki declaration and its later amendments.
Furthermore, the research was approved by the Ethics
Committee of the Faculty of Medicine of the University of
Nis on September 12, 2017; ref. N.: 12-8765/ 8. Informed
consent was obtained from all individual participants in-
cluded in the study.

This study included 162 patients of either sex, American
Society of Anesthesiology physical status classification 1-2,
scheduled for total hip arthroplasty. All
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- visual analog scale (0 — without pain to 10 — the worst
pain);

- numerical scale (0 — without pain to 10 — the worst
pain).

Duration of sensory blockade and the first time an anal-

gesic drug was needed postoperatively were also recorded.

RESULTS
There was no statistically significant difference regarding
ages, body mass index and the duration of surgery in all

groups (p < 0.05) (Table 1).

Table 1. Patient characteristics

Group (number Age Sex BMI Duration of
of patients) (years) (M/F) (kg/m?) surgery (min)
I (n=54) 69.1+8 | 30/24 | 255+3.1 104.4+9.6
Il (n=54) 66.6+7.5| 38/16 | 243 +3.8 106.9 + 8.6
Il (n =54) 675+7.7 | 34/20 | 244+34 105.6 £ 8.6

There was no statistically significant difference regarding age, body mass
index (BMI) and the duration of surgery in all the groups (p < 0.05)

There was no significant difference between the groups’
mean time to achieve maximum motor blockade. The time
of motor blockade duration was significantly shorter in
Group 1II (p < 0.05) (Table 2).

Table 2. Motor blockade characteristics

patients had surgical treatment in the

. Th tient domized Time to Time to Time to Time to Time duration
Tnornlng. € patients were rahdomize o | achieve motor | achieve motor | achieve motor | achieve motor of motor
into three groups: 3| blockadel blockade Il blockade IlI blockade IV .

R . = R X X . blockade (min)
Group I: Patients that received 10 mg | (min) (min) (min) (min)
(0.4 ml) of fentanyl intrathecal; Il 24+07 34+07 45+06 46+06 141.7 +15.3
Group II: Patients that received 10mg M| 21%06 3+07 3.9+07 5+06 128.7+ 15.1

(2 ml) 0.5% bupivacaine and 25 pug
(0.5 ml) of fentanyl intrathecal;

Group III: Patients received 10 mg (2 ml)
0.5% bupivacaine and 30 pg (0.6 ml) of fentanyl intrathe-
cal.

Sensory blockade was evaluated by the bilateral pin-
prick method. Motor blockade was evaluated by the modi-
tied Broomage test (0 — without paralysis; 1 — unable to lift
extended legs; 2 — unable to flex knee; 3 — unable to flex
feet or complete motor blockade).

Serum levels of cortisol, glucose and C-reactive protein
(CRP) were measured in all groups preoperatively and four,
12, and 24 hours after surgery.

The cardiovascular status of the patients was monitored
by non-invasive methods such as: ECG monitoring, sys-
tolic, diastolic and mean arterial pressure, in five-minute
intervals.

The side effects on the central nervous system and gas-
trointestinal system such as: shivering, nausea, vomiting,
and pruritus were followed up and recorded intra-opera-
tively or postoperatively.

The intensity of pain was assessed in the 30th, 60th,
90th, 120th, 180th, 240th, and 300th minute after the an-
esthesia was given in two ways:

‘ DOI: https://doi.org/10.2298/SARH200729010)J

Mean time to achieve maximum motor blockade was with no significant difference among the
groups; the time of motor blockade duration was significantly shorter in Group Il (p < 0.05)

The mean time to achieve maximum sensory blockade
was comparable among the three groups (p < 0.05) (Table
3). It was with no significant difference among the groups.

Table 3. Characteristics of sensory blockade

Time for distribution of sensory | Time to achieve maximal

Group blockade until T10 (min) sensory blockade (min)
I 43+05 6.4+04
Il 44+0.8 6.6+0.7
11 4+0.7 6.2+0.9

Mean time to achieve maximum sensory blockade was with no significant
difference among the groups (p < 0.05)

At the fourth, 12 and 24" postoperative hour, the hor-
mones of the surgical stress response were recorded. The
study showed that patients in Group I had significantly
higher cortisol serum levels at the fourth hour after surgery
(Table 4).

Blood glucose levels were not significantly different
among the groups. Levels of CRP increased remarkably
postoperatively in the Group I (Table 5).
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Table 4. Average serum cortisol levels (nmol/I) in the groups with 280 -
20 pg, 25 ug, and 30 pg intrathecal fentanyl, four, 12, and 24 hours =
postoperatively 270 -
o Preoperatively Postoperatively (nmol/l) -
Pl (nmol) 4 hours 12 hours 24 hours 260
| 4724 +167.6 | 593.2+277.3 | 850 £ 265.1 | 698 + 105.3 950
I 692.6 +219.7 | 636.7 £184.2 | 789 +278.2 | 4903+ 170.6 250 1
11l 558.5+353.1 | 441.8+£2494 | 765+ 149.4 | 4416+ 2773 240 -
Patients in Group | had significantly higher cortisol serum levels at the fourth
hour after the surgery (p < 0.05) 230
Table 5. Levels of C-reactive protein (mg/L) four, 12, and 24 hours 220
postoperatively
: p)
Group | Preoperatively Postoperatively (mg/L) 210 i i i
. (mg/L) 4 hours 12 hours 24 hours Groupl GroupII Group III
| 189+3 1084+1.1 | 787+266 | 653+289
I 590+22 53417 2134112 1124809 Figyre 1. New ana.llgesic needed postoperat'ively; the !ongest time
until new analgesic was needed postoperatively was in the Group
1 161+£25 | 187+16 | 568+156 | 449+214 Il (p < 0.05).

Levels of C-reactive protein increased remarkably postoperatively in Group |
(p <0.05).

Table 6. Prevalence of side effects

inadequate sensory or motor blockade.

Hypotension Bradycardia Nausea Vomiting Intra-operatively, analgesia was adequate
Group | Number of | ,, | Numberof [ o~ | Numberof | o | Numberof | in all groups. Similar results had Ben et al.
patients (n) patients (n) patients (n) patients (n) [20] with intrathecal dose of 4 mg bupiva-

| 17 315 11 204 0 0 0 0 caine with 20 pg fentanyl.
Il 18 333 13 24.1 2 3.1 0 0 Bibhush [21] compared three different
I 25 46.3 18 333 4 74 2 3.7 doses (12.5 mg, 10 mg and 5 mg) of 0.5%

Incidence of hypotension, bradycardia, nausea and vomiting were significantly higher in Group IlI

(p < 0.05).

Incidence of hypotension, bradycardia, nausea and
vomiting were significantly higher in Group III (p < 0.05)
(Table 6). Pruritus and shivering were not recorded among
the groups.

The longest time until new analgetic was needed post-
operatively was in the Group III (Figure 1).

DISCUSSION

The intensity of sympathetic nervous system blockade
depends on the local anesthetic dosage. A degree of sym-
pathetic blockade and consequent hypotension after spinal
anesthesia can be reduced by using small doses of local
anesthetic. On the other side, a more breakthrough pain
was reported with bupivacaine doses of 5 mg or less [16].
This tendency to adopt a higher dose approach is likely to
be attributable to concerns that duration of spinal anesthe-
sia may not be sufficient for the proposed surgery when
bupivacaine < 10 mg is used [17].

The success of spinal anesthesia with low dose of lo-
cal anesthetic can be improved by addition of opioids.
Intrathecally fentanyl doses not make additional effects
on the sympathetic blockade, but makes duration of anal-
gesia longer [18, 19].

In this study, the maximum dose of the intrathe-
cal solution of 0.5% bupivacaine was 2 ml (10 mg) with
30 pug (0.6 ml) fentanyl. This dose was defined by the
results of the previous studies [19, 20]. Lower doses of
local anesthetics combined with opioids may result in
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bupivacaine, with 25 pg fentanyl. The re-
sults of this study showed that the dose of
5 mg of bupivacaine in combination with
25pg of fentanyl intrathecally had inadequate motor block-
ade, while the dose of 10 mg of bupivacaine increased in-
tensity and duration of both, sensory and motor blockade.
The time was 241.96 minutes. In this study the duration of
motor blockade was 141.67 + 15.3 minutes.

In this study, increasing the dose of fentanyl from 0.4
ml (20 pg) to 0.5 ml (25 pg) and 0.6 ml (30 pg) resulted in
the increase of the maximum level of sensory blockade.
The time of achieving maximum analgesia was with no
significant difference among the groups. Kuusniemi [22]
had similar results.

Cortisol has been researched in order to find the best
anesthetic approach to reduced surgical stress response.
Opioids, fentanyl and morphine, can reduce surgical stress
response. Kwon et al. [23] hypothesized that circadian
rhythm of cortisol might affect postoperative cortisol lev-
els depending on the surgery start time. Cortisol recovery
to preoperative level was faster in the afternoon surgery
than in the morning surgery group. In this study, all pa-
tients had surgical treatment in the morning. Postoperative
cortisol increased, similar to previous studies, except in the
Group II, where the values were the same as before surgery.
Cortisol serum level was significantly higher in the Group
I at the fourth postoperative hour. Postoperatively, at 12th
hour, there was a remarkable increase of the cortisol serum
levels in all groups.

CRP serum levels were without any significant dif-
ferences among the groups. At the fourth postoperative
hour, the level of serum CRP was significantly higher in
the Group I. Even after 12 hours it showed higher levels.
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Impaired metabolism of glucose has influence on
wound infection, and can cause cardiac and thromboem-
bolic complications. Hahn et al. [24] mention the reduc-
tion of the postoperative complications in patients who
were not diabetics. Glucose blood level is very important
peri-operatively and postoperatively. In this study, blood
glucose levels were not significantly different among the
groups.

As aresult, Knigin et al. [25] described spinal hypoten-
sion in 43.4% of patients. Rao et al. [26] described hypo-
tension in seven out of 30 patients in a group with 8 mg
bupivacaine combined with 25 pg fentanyl. Malhotra et al.
[27] reported that the highest incidence of hypotension
had a group with 12.5 mg of bupivacaine combined with
25 pg fentanyl. In this study, hypotension was described
in 60 patients (37%). In Group I it was described in 17
(31.5%) patients. In Group II hypotension was described in
18 (33.3%) patients, and in Group IIT in 25 (46.3%). Better
hemodynamic stability was observed in patients with 10
mg bupivacaine and 20 pg fentanyl. Ali et al. [28] reported
pruritus with higher doses of fentanyl (25 pg). Akanmu
et al. [29] described pruritus and shivering only in pa-
tients who received 10 mg of bupivacaine with 25 pg of
fentanyl. Pruritus and shivering were not recorded among
the groups in our study.
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In our study, the longest time of analgesia was observed
in the Group I11, 272 + 21 min. Akanmu et al. [29] found
that analgesia lasted the longest in patients who received
10 mg of bupivacaine with 25 pg of fentanyl, and it was
276.23 £26.21 min.

CONCLUSION

Spinal anesthesia using standard doses of local anesthetics
for hip endoprosthesis surgery in geriatric population, of-
ten causes hemodynamic instability due to reduced physi-
ological reserve and comorbidities of patients. In order to
prevent negative side effects and complications, but achieve
an appropriate sensory and motor blockade, the use of
lower doses of local anesthetics combined with opioids
was implemented in practice.

The dose of 10 mg (2 ml) of bupivacaine combined with
25 ug (0.5 ml) fentanyl, in this study, was the optimal op-
tion to achieve hemodynamic stability, sufficient sensory
and motor blockade, and reduce the stress response and
the incidence of the opioids side effects such as vomiting,
nausea, pruritus, etc.
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KomnapaTuBHa aHanu3a Tpu pasnuuute aose GpeHTaHmna y KombUHaLmjm ca
CTaHAapAHOM A030M BynuBaKauHa Koa, CMMHANHOTr 610Ka Kog 6onecHuMKa
NOABPrHYTUX e/IeKTUBHOj OnepaLmnju yrpaatbe BEWTauKor KyKa

Mapuwja Jouh', Pagmuno JaHkosuh? Hebojwa BuaeHosuh?, Mapuja Crowuh?, Hec Becennnosuh?*, Burbana Crowumh?

'OnwTa 6onHuLa NleckoBay, Cnyxba aHecTe3uje 1 peaHumatonoruje, Jleckosau, Cpbuja;
2YHusepauTet y Huwy, MeguumHckm dakyntet, KnuHnukn ueHtap Huw, KnuHuka 3a aHectesujy 1 uHTeH3uBHY Tepanujy, Huw, Cp6uja;
3YHuBep3uTeT y MpuwtnHm — Kocoscka Mutposuua, MeauumHckn dakynteT, KnnHnyko-60nHNYKM LieHTap MpuiwTiHa - MpayaHuua,

lpavanwua, Cpbuja;

“CTypeHT NoCTANNNIOMCKUX CTyawja, YHnBepauTeT y Huwy, MegunumnHckn dakyntet, KnnHnukn ueHTap Huw, KnnHnka 3a aHectesujy u

WHTeH3MBHY Tepanujy, Huw, Cpbuja

CAXETAK

Yeoa/Uwm CnnHanHa aHecTesuja yecTa je aHecTe3nosoLKa
TeXHVKa Koja ce KOPUCTU TOKOM XMpPYPLUKe NHTepBeHUMje
yrpagme BelwTavykor Kyka. OBaj XvpypLIK/ TpeTMaH Moxe
13a3BaTh CYCTEMCKM OArOBOP Ha XUPYPLUKMN CTPeC, OBHOCHO
XOPMOHCKe, MeTabonmuke 1 3anasmbeHcke npomeHe. ViHTpaTe-
KaJsiHO JjaTi OMNMOVAY Kao afjyBaHT JIOKaIHOT aHecTeTMKa OCTBa-
PpYjy CrHeprucTnyiky epekat ca kM YnHehy cnmHanHmu 610K
MOTAYHWjUM YaK v NPV MPUMEHN HUXIX [03a TOKaNHOT aHecTe-
TWKa, @ UHUUAEHLY HexerbeHrx edekata CBOAE Ha MUHUMYM.
MeTtope Crynujom cy obyxBaheHa 162 6onecHvika, 0ba nona, u3
rpyne 1-2 no knacudukaumjn ASA (AMepuruKor JpyLITBa aHeC-
Te31010ra), Nofe/beHa y Tpy rpyne MeToAoM CiyyajHor n3bopa.
Wcnutanmum cy gobujanu 10 mg 0,5% pactBopa bynmsakaunHa
1 20 ug (pyna I) nnu 25 pg (Mpyna Il) nnn 30 ug (Tpyna ll) der-
TaHWNa HTPaTeKaHo.

PesynTatu Huje 61no cTaTUCTUYKM 3HaYajHe pasninke y Bpeme-
Hy NOTPe6HOM 3a MOCTK3akbe NOTMYHE MOTOPHE 1 CEH3UTVBHE
6nokage mehy rpynama, oK je Bpeme Tpajarba MOTOPHE 6110Ka-
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Ae 6uno 3HaTHO Kpahe y Mpynu I1l. MoctonepaTBHO, TOKOM NpBa
yeTnpw cata 6onecHuum Mpyne | imanu cy Hajsehy BpegHocT
KopTusona y cepymy. H1BO rnnkemuje y KpBu HUje MMao CTa-
TUCTUYKIM 3HaYajHy MPOMeHy BpeaHOCTU. TOKOM nocTtonepatu-
BHOT nepriofa BpeaHocTn CRP burne cy HajBuLLe Kof 6onecHMKa
Tpyne I. UHumaeHua xunoTeHswje, 6pagrkapamnje, MyyYHHe 1
nospahatba 6una je Hajeha y lpynu lll. CBpab v apxTare HuCy
OMNuCaHu HW Y jeAHOj 0f ncnuTaHux rpyna. lloctonepatneHo,
Hajoy»u nepuog Ao notpebe 3a aHaNreTMKOM OMMCaH je Kog
6onecHuka pyne .

3akmyuak [prumeHom 25 g deHTaHnna, Kao afjyBaHTa J1o-
KanHoM aHecTeTuky, 10 mg 0,5% 6ynuBakanHy, nocTuxe ce
afleKBaTHa XeMOAVHaMCKa CTabUIHOCT, MOTOPHA 1 CEH3UTUBHA
6noKafa, CMatbyje OAroBOp OpraHy3Ma Ha XMpPYpPLIKU CTPeC 1
peaykKyje MHUMAEHLa HexerbeHrx edeKaTa onmonaa, MyuyH1Ha,
nospahatbe, cBpab uta.

KmbyuHe peun: cnuHanHa aHecTeswja; 6ynuBakanH; GeHTaHun;
nocTonepaTMBHa aHanresuja
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The laparoscopic repair of inguinal hernia in female
children in the Republic of North Macedonia
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SUMMARY

Introduction/Objective Laparoscopic inguinal hernia repair in children is a minimally invasive method,
and with its safety, feasibility, and excellent cosmesis is an acceptable alternative to open repair.
Methods This is a prospective clinical study, with national data of 49 female children aged 1-14 years,
treated via laparoscopic approach. Operative time, time to verticalization (normal position in bed, stand-
ing/walking), hospital stay, nausea, pain, and cosmetic effects (size and visibility of the mark) were elabo-
rated.

Results The results revealed that five (10.2%) children had a family history of inguinal hernia. A total of
29 (59.2%) children had hernia located on the right side, 19 (38.8%) on the left side, and one (2%) on
both sides. The average diameter of the inguinal opening was 3 + 2.17 cm. Sixteen children (32.7%) had
hidden hernia. The average operation time of the unilateral intervention was 29.5 + 6.8 minutes, and for
bilateral hernias it was 43.6 + 7.2 minutes. The average length of hospitalization was 14.1 + 3.1 hours, and
the time needed for a full return to a normal position in bed was 2.6 + 0.6 hours. The average length of the
scar in both the right and the left groin region was 2.2 + 0.4 mm. A total of 46 (93.9%) parents/guardians
were satisfied by the esthetic result, while three (6.1%) had no particular opinion regarding this question.
Conclusion The introduction of laparoscopic surgery in the treatment of inguinal hernia is a promising
method, which plays an important role as an alternative surgical technique because of the minimal
invasiveness of the technique and improved recovery of the children.

Keywords: children’s inguinal hernia; PIRS - percutaneous internal ring suturing; minimally invasive
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INTRODUCTION

Inguinal hernia is far more common in males
[1, 2, 3]. Available data suggest that the over-
all incidence of inguinal hernias in childhood
ranges 0.8-4.4% (to more than 30% in infants
born preterm), with the incidence in boys being
10 times higher compared to girls. Similarly,
a study of almost 80,000 children in the USA
showed that the cumulative incidence of ingui-
nal hernia from birth to the age of 15 was 6.62%
in males and 0.74% in females [4, 5].

Surgery is required for almost all pediatric
patients with inguinal hernia. Unlike hernias
in adults, hernias in children are treated when
they are diagnosed, even if they are asymptom-
atic. It is the most common surgical procedure
in children that makes up more than 95% of
treatments of all hernias [6, 7]. Operation pre-
vents the occurrence of complications, such
as incarceration and obstruction, which may
potentially result in ischemia and necrosis of
the hernia content. In comparison with boys,
girls with inguinal hernia, whose content are
ovaries and Fallopian tubes, are at risk of com-
pression or torsion of the gonadal structures,
which leads to ovarian ischemic stroke [8].

The golden standard for treatment of ingui-
nal hernia is open herniotomy and herniorrha-
phy, a procedure with a high rate of success

and a relatively low rate of complications [6].
Still, inguinal hernia treatment has achieved
great advancements over the centuries [6]. The
introduction of laparoscopic surgical treatment
for inguinal hernia, first performed in 1993 and
1994, seems to play a significant role in terms of
safety, visibility, as well as simultaneous treat-
ment of the contralateral side, and a better es-
thetic result [9].

The trend has been turned towards the
application of laparoscopic techniques with
a rapid movement forward and a number of
different laparoscopic techniques, an upward
trend of the use of extracorporeal knotting and
a decrease of the use of working ports and en-
doscopic instruments, as alternatives to open
surgery [10-16].

The laparoscopically assisted technique of
percutaneous internal ring suturing with one
port, was initially introduced by Patkowski in
2004, as a minimally invasive method with a
high success rate and rare complications [17].

It seems that among numerous techniques
for treatment of inguinal hernias during child-
hood in the last decade, the one-port laparo-
scopic technique of internal ring suturing
represents a very competitive achievement
regarding this issue [18, 19].

The aim of this study was to present the
national experience of the Republic of North
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Macedonia in laparoscopic (percutaneous internal ring su-
turing — PIRS) repair of inguinal hernia in female children.

METHODS

The analysis represents a prospective clinical study, which
has elaborated national data of 49 female children 1-14
years old, with clinically diagnosed indirect inguinal her-
nia treated by laparoscopic PIRS. The study was carried
out at the University Clinic for Pediatric Surgery, Ss. Cyril
and Methodius University, Skopje, Republic of North
Macedonia - as the single national center for laparoscopic
(PIRS) repair. We started to implement this technique dur-
ing 2015, as the only institution where the PIRS treatment
of clinically diagnosed indirect inguinal hernia of female
children was performed.

The PIRS method we used had been introduced by
Patkowski and involves the percutaneous closure of the in-
ternal inguinal ring under the control of a telescope placed
in the umbilicus. The telescope was used to control all pro-
cedures, with optics of 5 mm, and an angle of view of 30°.

The insufflation pressure in the peritoneal cavity was
maintained at 8-10 mmHg. The internal ring of the in-
guinal canal was closed using non-absorbable 2-0 mono-
filament sutures. The wound in the umbilicus was closed
using absorbable 3-0 sutures, and the skin was closed with
non-absorbable 4-0 or 5-0 monofilament sutures. The pa-
tient condition allowed discharge on the first postoperative
day.

The study covered all national cases of interest dur-
ing the period between 2015 and 2017. We elaborated the
operative time, time to verticalization (normal position in
bed, standing/walking), hospital stay, nausea, pain and cos-
metic effects (size and visibility of mark). All the children
were asked for outpatient follow-up examination on the
seventh day and three months after the laparoscopic sur-
gery. At the time of the second follow-up visit, the parents
were asked of symptoms, such as recurrent hernia, swelling
or lump in the groin, local pain, palpable stitches in the
groin area, and their personal opinion on the appearance
of the scar and whether, if necessary, they would choose
this treatment again or recommend it to others.

The study was approved by the Ethics Committees of
the University Clinic of Pediatric Surgery and Faculty of
Medicine of the Ss. Cyril and Methodius University of
Skopje. Written consents from parents/guardians were
obtained according to the Declaration of Helsinki and lo-
cal ethics committees.

RESULTS

The study presents national data of 49 female children with
clinically diagnosed indirect inguinal hernia. All of them
aged 1-14 year [mean age 5.3 + 2.7 with Median IQR =5
(3-7)] and were treated via PIRS during the three-year
period (2015-2017).

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):306-310

Characteristics of inguinal hernia

Five (10.2%) children had a family history of inguinal
hernia. A total of 29 (59.2%) children had hernia located
on the right side, 19 (38.8%) had it on the left side, and
one (2%) had it on both sides. About 22 (44.9%) children
had hernia for a duration of one to two years, followed by
11 (22.4%), where the duration was 6-12 months, eight
(16.3%) with a duration of two to five years, and three
(6.1%) with a duration of more than five years. None of the
females had hernia with a duration of less than 1 month.

Pre-operative symptoms

About 32 (65.3%) children felt discomfort, nine (18.4%)
experienced pain, and 43 (87.8%) had swelling. The
average number of existent pre-operative symptoms in
children was 2.1 £ 0.7, with one to four symptoms.

Intervention

The length of the inguinal opening was 3 + 2.17 cm, with
aminimum of 2 cm and a maximum of 5 cm. During the
intervention, two (4.1%) cases had conversion in the open
technique. In 16 (32.7%) children, the presence of hidden
hernia was found, 50% of them on the left side and 50%
on the right side, all surgically treated during the same
intervention. The average length of the unilateral inter-
vention was 29.5 + 6.8 minutes, with min/max. time of
15/45 minutes. In bilateral hernias, the average length of
the intervention was 43.6 + 7.2 minutes, with min/max.
time of the intervention of 25/55 minutes, and the length
of the intervention was less than 45 minutes in 50% of the
female patients.

Hospitalization

The average length of hospitalization was 14.1 + 3.1 hours,
with min/max. time of hospitalization of 10/24 hours, and
the length of the postoperative stay in hospital was less
than 12 hours in 50% of female patients.

Return to normal activities

The time needed for a full return to a normal position in
bed was 2.6 + 0.6 hours, with a min/max. time of 2/4 hours,
and the time was shorter than three hours in 50% of the
patients. The time to verticalization was 3.6 + 0.8 hours,
with a minimum of two and a maximum of six hours. In
50% of the females this time was shorter than four hours.

Postoperative discomfort

None of the females had postoperative nausea. The aver-
age grade of pain according to the VAS scale of 0-10 was
0.3 £ 0.5, with a min/max. of 0/2. No pain was registered
in 50% of the patients. Analgesic therapy with one dose
was given to four (8.2%) children.
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Esthetics

The average length of the scar was 2.2 + 0.4 mm, with min/
max. length of 2/3 mm and the scar was smaller than 2 mm
in 50% of the patients for median IQR = 2 (2-2). Esthetics
was an important issue for 37 (75.5%) parents/guardians.
In our case, 38 (77.5%) parents/guardians thought that the
mark did not disrupt the esthetics, while 11 (22.5%) were
undetermined. About 46 (93.9%) parents/guardians felt
that they would recommend this intervention to others
who have children with inguinal hernia.

DISCUSSION

Throughout history, many concepts of surgical treatments
of hernia have changed and been applied by pediatric sur-
geons in their everyday practice [6]. The last decade marks
an evolution in techniques, from three-port to two-port
and one-port laparoscopic technique [9-13].

Intracorporeal suturing and knotting are becoming un-
popular among pediatric surgeons according to the results
of various studies. Intraabdominal skills are necessary, such
as intracorporeal suturing, knotting and needle handling,
which in essence take up a lot of time in context of the time
needed to carry out the procedure [16].

At the beginning, the laparoscopic treatment often last-
ed longer than the open technique treatment. However,
once the learning curve was passed, the duration gradually
decreased [16]. Researchers have shown that the operating
time was in an interval of 20-74 minutes [17]. Patkowski
on the sample of 140 hernias discovered that the average
PIRS operative time for unilateral hernias was 19 minutes,
while it was 24 minutes for bilateral ones [17].

Wolak and Patkowski reported the average PIRS time
of 31.6 minutes for bilateral, and 28.2 (15-45) minutes for
unilateral hernias [19]. For Lipskar, the average operative
time was 37 = 10 minutes [20]. The average length of the
unilateral intervention in our study was 29.5 + 6.8 minutes,
with min/max. time of 15/45 minutes. In bilateral hernias,
the average length of the intervention was 43.6 + 7.2 min-
utes, with min/max. time of the intervention being 25/55
minutes.

With the conventional open surgical techniques, patients
have a relatively larger skin incision, while in other laparo-
scopic treatments three or four skin incisions are necessary
for inserting the trocars. The PIRS technique can be carried
out with only one incision, concealed in the bellybutton
region and extracorporeal suture. In comparison to open
surgery, laparoscopic hernioplasty offers excellent visual
exposition, minimal dissection and reduced trauma of the
surrounding tissue. It offers the opportunity to identify
unexpected conditions, such as direct or femoral hernia,
as well as other intraabdominal processes and pathologies
(intersexual anomalies) and other conditions [13-16].

Chan discovered that children after the laparoscopic
treatment of inguinal hernia had less pain and had made
faster recovery, which is similar to our results [21]. We
found that none of the children had postoperative nausea,
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and for full return to a normal position in bed as well as
standing/walking, the time was 2.6 vs. 3.6 hours.

One of the advantages of laparoscopic hernioplasty
is the possibility of exploration of the contralateral side,
which in fact means higher costs and distress to the child
and their parents. Around 38-100% of children with
unilateral inguinal hernia have contralateral open patent
processus vaginalis (PPV) [22]. In 60% of children with
unilateral hernia, contralateral PPV is present at two years
of age, in 40% it is present for those over two years of age,
while half of these children are at risk and can develop
inguinal hernia. There is a risk of about 10% of develop-
ing hernia, if the hernia from the left is primarily treated.

However, Li et al. [23] reported a rate of development
of metachronous hernia of 5.2%. It is believed that the sex
of the child, girls opposed to boys, has a slight influence
on the incidence of metachronous hernia (6.05% in boys
in contrast to 6.59% in girls; r = 0.202) [24, 25]. In our
research, we found contralateral PPV in 32.7% - 4 on the
left and 4 on the right side, all treated during the same in-
tervention. With contralateral exploration and suturing of
the asymptomatic inner inguinal ring, the manifested con-
tralateral inguinal hernia can be prevented, and the need
for additional surgery later in the child’s life is eliminated.

As the PIRS technique has been offering excellent es-
thetic results, the majority of parents are satisfied with the
use of this method for their children and recommend it
to other parents whose children need to undergo surgery
of this type.

Bharathi et al. [26] reported scars of 5 mm in PIRS
treatment, Patkowski et al. reported nearly no visible scars,
and Chan et al. stressed the superiority of the laparoscopic
technique as one with an excellent esthetic effect [17, 27].
In a retrospective study by Amano et al. [28], from 1033
children with laparoscopic hernioplasty, on a 1-5 scale of
satisfaction (5 being the highest), regarding the visibility
of the scar, the results were 4.9 + 0.5 points. In our study,
77.5% of the parents/guardians thought that the mark did
not disrupt the esthetics and 93.9% of them were satisfied
by the esthetic look.

According to the existent literature to date, there is no
tool that would enable a view to the inside with a repre-
sentation of the inner inguinal ring after its suturing. It
is unknown whether the suturing of the inner inguinal
ring keeps the inner ring closed for the remainder of the
patient’s life, or whether some kind of fibrosis or reor-
ganization of the peritoneum would contribute to that.
Although there are data in the literature concerning recur-
rent laparoscopy in patients with previous laparoscopic
hernioplasty, the sample of patients is simply too small to
come to a conclusion [21, 22, 24]. Still, the lack of noted
complications makes this technique efficient and especially
promising in girls [24].

CONCLUSION

The introduction of laparoscopic surgery in the treatment
of inguinal hernia is a promising method, which plays an
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important role as an alternative surgical technique, while at
the same time it represents a diagnostic tool for exploration
and simultaneous treatment of the contralateral inguinal
ring. We found that this technique allows better recovery,
quick return to full activity, and no visible scars. Most par-
ents were satisfied with the treatment of their children by
this method and would recommend it to others.
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JlanapocKoncKa onepauuja MHrBUHANHE XepHUje Kog, eHCKe aeue y Penybanum

CesepHoj MakeaoHujU

ToHwn Pucteckn

YHusep3uteT CB. hmpuna n Metoguja, MeguumHckn dakynet, YHUBep3uTeTCKa KNMHIKa 3a Aevjy xupyprujy, Ckonsbe, CeBepHa MakegoHuja

CAMETAK

YBoa/Lum Jlanapockoncka TexHUKa pellaBara MHrBUHaNHe
Kune Kof AeLe je MAHVManHO UHBa3MBHa METOAA, Ca BENVKOM
curypHouhy, n3Boa/buBOLLRY 1 OANMYHUM KO3METCKAM Pe3yri-
TaTOM M NPUXBaT/blIBA je anTepHaTVBa CTaH4APAHOj OTBOPEHO]
npoueaypu.

Metoge OBO je NpocneKTVBHA KNMHMYKA CTYAMja, Ca HaLoHan-
HVM nogaumma o 49 feBojumnuia y3pacTa of jeaHe go 14 roguHa
onepucaHnX NanapocKonCK1M NPUCTynom. AHanM3nMpaHu cy
onepaTMBHO BpeMe, BpeMe A0 BepTrKanm3sauuje (HopmanaH
roJsioxaj y KpeBeTy, CTajatbe/xofatbe), 6opaBak y 60nHMLY,
MYYHUHA, 6071 1 KO3MeTCKM edeKTr (BennurHa 1 BUAIbUBOCT
OXIJbKa).

Pesyntatu [lopoanyHy aHamHe3y O MOCTOjatby UHFBUHAI-
He Kune umano je netopo (10,2%) geue. Kuny nokanmsoBaHy
Ha fecHoj cTpaHu umano je 29 (59,2%) 6onecHuKa, Ha N1eBoj
cTpaHm 19 (38,8%) 6onecHuKa, a 060CTpaHo jy je MMao jegaH

DOI: https://doi.org/10.2298/SARH201121027R

60necHUK (2%). MpoceyaH AvjameTap UHIBMHANHOT OTBOPA
n3Hocuo je 3 £ 2,17 cm. LLlecHaectopo geue (32,7%) umano je
CKpVBeHy Kuny. [poceyHa fyuHa jefHOCTpaHe VHTePBeHLnje
6vna je 29,5 + 6,8 MUHYTa, a bunatepanHe Kune 43,6 + 7,2 Mu-
HyTa. lMpoceyHa AyKunHa xocnutanusauuje 6una je 14,1 £ 3,1
caT, a Bpeme NoTpebHO 3a MyHV MOBpaTaK y HopmasaH Nooxaj
y KpeBeTy 6uno je 2,6 + 0,6 catu. [poceyHa Ay>KrHa OXXUbKa
nocsie onepaumje 6una je 2,2 + 0,4 mm. Yetpgecert wect (93,9%)
popuTesba/cTapaTesba 6van cy 3aJ0BO/bHN €CTETCKUM U3re-
AoM, a 6e3 noce6bHOr MyLL/bEHbA O OBOM NMUTakby brna cy Tpu
(6,1%) popuTera.

3aKsbyyak YBohetbe nanapocKoncKe XMpypruje y ieyerse NHr-
BMHanHe Kune je obehasajyha meTofa, Koja nrpa BaxHy ynory
Kao anTepHaTVBHa XVpPYpLLUKa TEXHWKa, 360r MHUMaNHe UHBa-
3MBHOCTY TEXHVIKe 1 Borber onopaska AeLle.

KmbyuHe peun: fieyja MHrBUHaNHA Ka; NepKyTaHO yluvBakbe
YHyTpallmer NpcTeHa; MUHAMANHO VHBa3UBHA Xupypruja
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SUMMARY

Introduction/Objective The objective of the study was to determinate which groups in the population of
children are most prone to hand injuries and to identify the causes of the injuries with the aim of further
developing better means of severe injuries prevention that can lead to invalidity.

Methods A retrospective epidemiological study was carried out, and included all children with hand
injuries admitted to our hospital between January 1, 2010 and December 31, 2017; The data were col-
lected and analyzed statistically using SPSS®. Significance was defined as p < 0.05.

Results The total number of patients was 254, 202 boys and 52 girls, with a mean age for both sexes
10.13 years (range1-17). The majority of patients were from an urban population 56.7% and 43.3% were
from a rural area. Regarding the month in the year when the injury occurred, there were two peaks, in
January and in May. The right hand was more affected, 53.2%, than the left, 45.6%, and both hands were
affected in 1.8% of cases. Isolated soft tissue injuries (skin, muscles, tendons) were present in 59% of
cases, isolated bone injuries (phalangeal and metacarpal bone fractures) in 15.3%, and both soft tissue
and bone injuries in 25.7% of cases. The little finger was the most affected, followed by the long finger
and thumb, index and ring finger, respectively. The most serious injuries were from explosive wounds
caused by firecrackers and handling agricultural tools and engines.

Conclusion Hand injuries in childhood are common and can have devastating consequences. Developing

prevention program by raising awareness about this issue is of vital importance.
Keywords: hand injuries; children; adolescents; prevention

INTRODUCTION

Active children often injure themselves dur-
ing everyday activities such as sports or play-
ing with toys and with each other. They suffer
lacerations, fractures, or crushing injuries of
the hand, which can result in nerve, vessel and
tendon lesions [1]. Injury is the cause of nearly
950,000 non-fatal hospitalizations among chil-
dren each year worldwide, and the hand is the
second most frequently injured region of the
body among children [2, 3]. Almost 75% of all
hand and finger injuries among children ad-
mitted to the emergency room are minor in-
juries; however, 25% are major injuries, most
frequently fractures of the hand and the fingers.
Furthermore, 15.5% of all the hand injuries had
to be surgically treated [3]. The most signifi-
cant are severe mutilated hand injuries, where
an injured child faces physical limitations but
also the experience of chronic pain and psy-
chological issues, such as post-traumatic stress
disorder. These types of injuries also have an
impact on the children’s parents, family and
their community networks [2, 4]. Therefore,
prevention of such injuries, if possible, should
become a necessity.

The objective of this epidemiological study
was to determine which groups in the popula-
tion of children are most prone to hand injuries,
and to identify the causes of injuries in the aim
of further developing better means of preven-
tion of severe injuries that can lead to invalidity.

METHODS

After institutional review board approval,
medical documentation was retrospectively
reviewed of all children with hand injuries ad-
mitted to our hospital between January 1, 2010
and December 31, 2017. The hospital itself is a
tertiary level institution that covers a region of
about two million people, and the only hospital
within this region that treats hand injuries in
children. Children with burn injuries and minor
injuries treated in our outpatient clinic were ex-
cluded from the study. The following data were
collected and entered into a Microsoft Excel®
(Microsoft Office, Microsoft Corporation,
Redmond, WA, USA) spreadsheet database:
age, gender, place of residence, affected hands
and fingers, and type of injury. The data were
analyzed statistically using SPSS® version 23.0
(IBM Corp. Armonk, NY, USA), and mean,
range, minimum, maximum values, and stan-
dard deviation (SD) were calculated. The vari-
ables were analyzed by a parametric Student’s t
test. Significance was defined as p < 0.05.

RESULTS

Over an eight-year period, the total number
of patients was 254; there were 202 (79.5%)
boys and 52 (20.5%) girls, with a mean age for
both genders (mean = 10.13 years; SD = 5.16)
and range of age (range 1-17 years; Min = 1;
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Max = 17). The student’s t test showed a statistically
significant difference (p = 0.002) in age between boys
(mean = 10.58 years; SD = 5.20) and girls (mean = 8.38 years;
SD = 4,65). Based on a division into different age groups,
there were 65 patients in the 1-6 years age group, 77 patients
in the 6-12 years age group, and 112 of adolescents in the
12-17 years age group with no statistically significant dif-
ference between the age groups (p > 0.05). The distribution
of patients by age is presented in Figure 1.

The majority of patients were from an urban popula-
tion 144 (56.69%) and 110 (43.3%) were from a rural area.
Regarding the month of the year when the injury occurred,
there were two peaks: in May, 29 injuries, and in January,
27 hand injuries, while the smallest number of injuries
occurred in February, 13 (Figure 2).

The right hand was affected in 135 (53.2%) patients,
the left in 116 (45.6%), and both hands in 3 (1.2%). The
difference was not found to be statistically significant be-
tween the affected hand (left or right) between different
age groups. Except for the hands, other regions of the body
were affected in seven patients: the face in three, the abdo-
men in two, and the legs in two patients.

Isolated soft tissue injuries (skin, muscles, tendons)
were present in 150 (59%) patients, isolated bone injuries
(phalangeal and metacarpal bone fractures) in 39 (15.3%),
and both soft tissue and bone injuries in 65 (25.7%) chil-
dren with hand injuries. It should be pointed out that no
carpal bone fractures were diagnosed. However, metacar-
pal bone fractures occurred in 30 patients, and in 23 only
one metacarpal bone was fractured: the first metacarpal
bone was affected in seven patients, the second in two, the
third in one, the fourth in one, and the fifth was the most
affected one in 12 patients. Multiple metacarpal fractures
occurred in seven patients: fracture of all five metacarpal
bones was found in only one child, four fractured meta-
carpal bones (II-V) were present in three patients, and
fractures of both II and III metacarpal bones were found in
three children. All metacarpal bone fractures were treated
with cast immobilization, and in 19 patients, after closed
or open reduction, fixation was performed with “K” wires.
Due to the association of metacarpal bone fractures with
extensor injury, tenorrhaphy was required in four patients.

Fingers were injured in 221 (87.07%) patients and the
palm in 33 (12.92%). Injury of one finger only was pres-
ent in 164, two fingers in 39, three fingers in 14, and four
fingers in four patients. In this study, there were no chil-
dren with an injury of all five fingers. The most affected
finger was the little finger, 42, followed by the long finger
and thumb, index and ring finger, respectively (Figure 3).

Sections of extensor and flexor tendons were present in
116 patients. In 31 they were associated with bone frac-
tures, and in seven of those patients traumatic arthrotomy
was present as well. Isolated sections of extensors occurred
in 35, and in 25 patients an extensor section was associated
with fractures. On the other hand, isolated injury of the
flexor tendons was present in 50 patients, and bone frac-
tures were associated only in three. In three patients both
extensors and flexors were affected, accompanied with
bone fractures. Sections of flexor tendons were associated
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distribution of patients by ages
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Figure 1. Representing a different incidence of hand injuries in age
groups with the highest incidence in 17-year-olds
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Figure 2. Graph presenting a bimodal distribution of hand injuries
per months
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Figure 3. Representing number of injuries per each finger

with lesions of the median nerve in five and ulnar nerve in
two patients; sections of the ulnar nerve associated with ul-
nar artery injury were present in two children. Repair was
performed in all cases. Injury of the radial artery occurred
in one patient with the section of flexor tendons of both
hands, and ligation of the radial artery was performed.
Fracture stabilization with “K” wires was performed in
70, and cast immobilization in 176 patients. Stabilization
with “K” wires was performed in all isolated bone frac-
tures (39), but also in injuries that include bone fractures,
traumatic arthrotomy, and extensor tendon ruptures. Cast
immobilization was used in all cases which included bone
fractures and both extensor and flexor tendon injuries.
Traumatic partial amputation was present in 39 patients
(at the level of distal phalanges 36, middle phalanges one,
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Figure 4. Initial finding of explosive wound in a 10-year-old boy

Figure 5. X-Ray of the injured hand

Figure 6. Appearance of the hand after reconstructive surgery was
performed

and proximal phalanges two). Partial amputation of two
fingers was present in six, and of three fingers in two pa-
tients. Fingertip partial amputations were caused by door
slamming in 20 younger children, and in 15 were caused by
different tools and machine handling among older children.

Traumatic amputation occurred in 21 patients (at the
level of distal phalanges 15, middle phalanges four, and
proximal phalanges 2). In five patients, traumatic ampu-
tation was present on three fingers (in four patients on
the right hand, and in one on the left hand), and in one
patient there was a traumatic amputation of the third and
fourth fingers at the level of the proximal phalanges. These
most serious injuries were caused by explosive wounds
and handling of agricultural tools and engines (an ax, saw,
circular saw, lawnmower, etc.). An explosive wound injury
in a 10-year-old boy, including preoperative findings, X-ray
and postoperative appearance, is presented in Figures 4,
5,and 6. In 15 patients, amputations were caused by han-
dling of agricultural tools and machines, in four they were
caused by explosive wounds, and in two by door slam-
ming. Boys accounted for almost all of these amputations,
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except one which occurred in an eight-year-old girl and
was caused by door slamming.

DISCUSSION

Bearing in mind that children are the most vulnerable
population and that complex and massive hand injuries
can result in lifelong disability, we carried out a study of
hand injuries.

Our study showed that accidents cause soft tissue inju-
ries of the fingers in most patients with or without bone
fractures, resulting in temporary or permanent disability of
the fingers. Injury prevention, and explaining mechanisms
of injury during schooltime could be very important for
the school-age population.

Ljungberg et al. [5] reported a male predominance of
61% in hand injured children, almost the same as Yorlets
et al. [6] who reported a rate of 59% of males in their
study. In our study, the percent of boys was much higher
(79.5%) than that of girls (20.25%), with an accompany-
ing significant difference in age (10.51 years for the boys
compared to 7.84 years for the girls). Vadivelu et al. [7]
published that the incidence of hand injury was low in tod-
dlers (34/100,000), that it more than doubled in preschool
children (73/100,000), and steeply increased after the age
of 10 (663/100,000). The incidence increased with age in
our analysis: it was 25.5% in the 1-6 age group, 30.3% in
the 6-12 age group, and 44.2% in the oldest group, 12-17
years old.

Isolated bone injuries accounted for 15.3% of all inju-
ries, and combined with soft tissue injuries such as tendon
lesions, the number reached nearly 59%, which correlates
with the findings in the study by Vadivelu et al. [7] of 65.5%.
Fingertip injuries are the most common hand injuries
among children with an incidence rate of 37-46% in the
literature. Distal phalanx fractures in childhood are very
common and mostly caused by slamming a child’s finger in a
door [5, 6, 8]. Door slamming was the cause of fingertip am-
putation and partial amputations in 57% of cases included in
this analysis, while partial amputations and amputations at
the level of distal phalanges occurred in 71.15% of the am-
putation/partial amputation hand injuries. Tendons of both
flexors and extensors were injured in 45.6% of all patients.
Injury of the flexors was associated with nerve lesions and
extensors with traumatic arthrotomies and bone fractures.
Extensors were more affected in this study, which corre-
lates with the findings of Kim et al. [9], who also reported a
higher incidence of extensor injury. Pediatric tendon injuries
are no less severe than injuries in adults, and an excellent
and good outcome could be achieved in 41% and 48% of
the patients, respectively [9, 10].

The majority of injuries were caused by a simple fall
or glass cuts; however, the most severe ones were caused
by firecrackers and fireworks, or handling of agricultural
tools and machines, which correlates with the highest inci-
dence in January around New Year’s Eve and in the spring
months with the start of the agricultural season. Children’s
patterns of injury change with age, and priorities for injury
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prevention alter according to stages of development [2].
Sandvall et al. [11] reported in their study that more rocket
injuries were noted among children (44%), homemade fire-
work injuries among teens (34%), and more shell/mortar
injuries among adults (86%), while 37% of all hand-injured
patients had at least one partial or whole finger/hand am-
putation. Although selling of any kind of fireworks and
explosive items is strictly prohibited, these items are unfor-
tunately sold illegally and 35.3% of finger amputations were
caused by firecrackers, fireworks, and explosive.

Despite the fact that child labor is against the law in our
country, in rural areas it is a practice among low-income
families for children to help their parents with agricul-
tural work, which is also the cause of numerous injuries
that can lead to invalidity. In our study, 64.7% of finger
amputations occurred in older children handling agricul-
tural tools and machines. Youths and young adults who
work in the agricultural sector experience high rates of
injury, and risk of this type of injury relates directly to the
amount and types of farm work exposure [12]. Children
can sustain significant injuries with unsafe lawnmower
use such as mutilating injuries of the foot, legs, hands,
and arms. The ride-on mower injuries were more likely
to involve amputations and longer hospitalization when
compared to walk-behind mower injuries. Garay et al. [13]
have published that at least 69% of accidents might have
been prevented if children younger than six had not been
near a lawnmower, and those younger than 12 had not
been operating one [14]. Stogner et al. [15] have reported
that ball sports, cycling, and equestrian sports were the
predominant cause of their recorded hand injuries, mostly
fractures, while Gesslein et al. [16] report a high incidence
of acute hand and wrist injuries in elite tackwondo athletes
despite the use of protective hand gear. Interestingly, in
this study there were no hand fractures requiring surgical
management among child athletes.

Orthopedic hand injuries in children are very demand-
ing, bearing in mind that the growing skeleton poses a dif-
ferent diagnostic and therapeutic challenge than the mature
skeleton, as its unossified cartilaginous sections are still
more susceptible to injury than bone. Although remodel-
ing can correct for even moderate deformities if sufficient
growth potential exists, remodeling cannot return the child
to normal anatomy in many cases [17]. Also, 30% of periph-
eral nerve injuries involve the hand which adds to the com-
plexity of orthopedic management in this type of injury [18].

Most of the injuries were caused by accidents. Thus,
the truth is that some of them could have been prevented.
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With the aim of providing protection against and pre-
venting future injuries, our hospital has formed a team
dedicated to working with abused and neglected children.
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CONCLUSION

Hand injuries in childhood are very common and can
have devastating long-term consequences. As a result, it
is of vital importance to develop better methods of pre-
vention. These methods, which include not only raising
awareness about this issue among parents and teenagers
through social media and direct interaction with medical
staff, but also the active involvement of teams of profes-
sionals, including social workers. These steps are of vital
importance for the reduction of severe hand injuries in the
pediatric population.
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3opaH MapjaHosuh'?, Maja 3eueBuh’, [parosby6 Xueanosuh'?, laHujena Hepuh', Hukona bojosuh!
'YHUBeP3NTETCKN KNMHUYKY LieHTap Huw, Knnhrka 3a geyjy xupyprujy u optoneaujy, Haw, Cpbuja;

2YHuBep3uTeT y Huwy, MegnumHckmn pakyntet, Haw, Cpbuja

CAXETAK

YBop/Uwsb Linmb oBor pafa je Aa oapeam Koje cy rpyne yHyTap
[leyje nonynawmje HajBuLLE CKIIOHE NOoBPeAama Liaka, Kao 1 aa
ngeHTndUKyje y3poke noepega y uuwy byayhe npeseHuuje
noBpefa Koje Mory JOBeCT/ A0 MHBanuauTeTa.

MeTtope CnpoBefeHa je peTpoCcneKT!BHa enuaeMNosIoLLKa
CTyaunja Ha OCHOBY MefMUVHCKe JOKYMEHTaLmje CBe JeLe fe-
UeHe y Halloj ycTaHoBM og 1. jaHyapa 2010. go 31. geuembpa
2017; nopaum cy cakyrbeHu 1 CTaTUCTUYKM aHaIU3paHu Ko-
prwherem nporpama SPSS®. 3HauajHOCT je fedrHNCaHa Kao
p BpegHocT < 0,05.

Pesyntatu YKynaH 6poj naumjeHara je 6vo 254, of Tora 202
[leyaka 1 52 feBojunLe, npoceyHor y3pacta oba nona 10,13
roguHa (pacnoH rogvHa 1-17). Behuna nauwjenara je 6una ns
ypbaHor noapyuja — 56,7%, a 43,3% Hux je 61no 13 pypanHmx
obnacTu. Y ogHOCY Ha MeceL, y FoAVHY Kafja Cy ce noBpefe fe-
waBasne naeHTdMKyjy ce ABa NUKa — Yy jaHyapy v Majy. [lecHa
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WakKa je nospehreaHa vewhe (53,2%) y ogHocCy Ha neBy, Koja

je 6una nospeheHa y 45,6% cnyyajeBa, LOK Cy 0be Liake 6une

nospeheHe y 1,8% cnyuajesa. /I30onoBaHe NnoBpeae MeKyX TK/Ba
(Koxka, mmwmnhi, TeTuBe) 3abenexeHe cy kop 59% nospeheHe
AeLie, 130/10BaHa KoliTaHa Tpayma (npenomu GpanaHrn v meTa-
KapnanHux Koctujy) kog 15,3%, oK Cy MEKOTKUBHE 1 KOLLUTa-
He noBpefe 3ajeaHo unHune 25,7%. Hajuewhe je nospehusaH
Manv NpCT, 3aTUM Cpefikby NPCT 1 Nanal, a NOTOM AoManu
NPCT 1 KaXXMMPCT. HajTexe noBpefe, eKCnio3vBHE paHe, Mpo-
Y3POKOBaHe Cy netapaama 1 BaTpOMET/IMa, Kao U PyKOBatbem
nosbONPUBPEAHNM anaTrima 1 MallmHama.

3aksbyuak [loBpefe LWakKa y Aeyjem y3pacTy cy Yecte U mory
vmaty fesactvpajyhe nocnegyue. Pa3Boj 6osber npeBeHTUBHOr
nporpama noan3arbem CBECTV O OBOM NUTakby je 04 13y3eTHOr
3Hauvaja.

KrbyuHe peun: noBpege WaKe; AeLia; aAonecLeHT; MpeBeHumja
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SUMMARY

Introduction/Objective The aim of this study was the validation of the Montgomery-Asberg Depression
Rating Scale (MADRS) in patients in Serbia suffering from depression.

Methods Both test and retest situations have been conducted on 162 adult patients with major depressive
disorder, and on 110 individuals that have not shown any type of mental disorder (control group). The
sample included 58.8% male and 41.2% female participants, age between 20 and 79 years (M = 42.26,
SD = 11.53) with no differences between groups in terms of participants’ sex and age. The following
instruments were used: MADRS, Hamilton Depression Rating Scale, and Brief Psychiatric Rating Scale.
Results MADRS has shown good psychometric characteristics: internal consistency, test-retest reli-
ability, concurrent validity, and its discriminatory validity is adequate. Study also confirmed the one-
dimensionality of the instrument. Statistically significant differences between the groups, in terms age
and education, have been identified, but the effects of the differences were small.

Conclusion The MADRS scale has shown good psychometric characteristics in our study; thus, it may
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be used for the assessment of depressed states in Serbian patients.
Keywords: depression; Montgomery-Asberg Depression Rating Scale; instrument validation

INTRODUCTION

According to the World Health Organization,
in 2017, about 264 million people suffered from
some form of depressive disorder, and depres-
sion is a leading cause of disability world-
wide [1, 2]. Data from Serbia suggest that in
2014, 4.1% of the population had depressive
disorder [3].

Apart from the clinical interview, measur-
ing the degree of depression is mainly based
on using the psychodiagnostic scales for as-
sessing symptoms. Using these instruments is
important because of objectivity in psychodiag-
nostics, quantitative expression of values (espe-
cially in clinical studies), and information rel-
evant to the assessment of a clinical course and
pharmacotherapy. However, there are several
reasons why it is hard to evaluate depression.
It might be because of the personality traits
influence, physical disorders, comorbidities,
and because depression symptoms can be a part
of another diagnosis, like bipolar disorder or
Parkinson disease [4, 5]. Finally, the results can
also vary from one instrument to another, due
to differences between self-assessment scales
and clinician-administered scales, or some
other methodological problem [6, 7, 8].

Depression assessment scales

Although various rating scales for depres-
sion are available (e.g., Hamilton Depression
Rating Scale - HDRS, Montgomery-Asberg
Depression Rating Scale - MADRS, and Beck
Depression Inventory — BDI), MADRS is one
of the most frequently used scales for assess-
ing severity of depression in research settings,
clinical trials, and everyday primary care and
clinical practice, and it has been translated into
more than 24 languages [8, 9, 10]. The scale is
applied and evaluated by psychiatrists in the
form of a guided interview and it is suitable for
monitoring change in the patient’s state [9, 10].
Regardless if a structured interview is used or
not, the scale has satisfactory reliability [11].
MADRS shows satisfactory psychometric
characteristics, high agreement values be-
tween the examiners, and significant correla-
tion with scores on HDRS, BDI, and the Mini-
International Neuropsychiatric Interview [9,
10, 12]. A moderate to high association was
shown between the patient’s scores and the
physician’s scores [6, 7]; moreover, the patients
perceived the scale as a useful tool that “added
something” to the consultation with physicians
[13]. Compared to HDRS, MADRS has shown
greater sensitivity when distinguishing moder-
ate and severe depression, and higher specific-
ity than BDI-II in distinguishing individuals
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without depression in the primary care context [9, 14].
MADRS is also convenient when patients need to be tested
efficiently and quickly, since the completion time is up to
10 minutes [9].

There are various opinions on factorial structure, be-
cause different studies have shown a different number of
factors. A single-factor solution is the most frequent one
[6, 15]. Other studies have shown that MADRS may have
two or three factors, which represents different symptoms
of depression, such as sadness and melancholy, or a gen-
eral depression factor and motivational factor [16, 17]. The
three-factor solution was proved useful in examining major
depression disorder and in isolating subgroups of depressed
patients with more pronounced symptoms [5]. There was
even the four-factor model, in which the following factors
were distinguished: covert sorrow, negative thoughts, alien-
ation, as well as neurovegetative symptoms [18].

The main aim of this study was the validation of the
MADRS psychometric properties in Serbian patients
suffering from depression, and evaluation of its factorial
structure, discriminative power, as well as external validity.

METHODS
Procedure

The study was conducted during a six-month period, be-
tween June and December of 2017, and the instruments
were administered to the patients individually. The par-
ticipation in the study was voluntary, anonymous, and
informed consent was provided according to the provi-
sions of the Declaration of Helsinki. The study protocol
received ethical approval from the Ethical Committee, Dr.
Laza Lazarevi¢ Clinic for Psychiatric Disorders in Belgrade,
Serbia.

The first inclusion criterion for the clinical group was
the diagnosis of unipolar depression without comorbid-
ity (based on ICD-10 classification), diagnoses F32 and
F33, except for the diagnosis with psychotic symptoms
(F32.3 and F33.3). The other criteria were age of 18 years
and above, a stable state in the previous two months, the
treatment with antidepressants without modification of
the therapeutic regimen in the previous two months, and
Serbian as the native language.

The inclusion criteria for participants in control group
were: absence of neurological and/or psychiatric disorders,
age 18 years or above, Serbian as native language.

The clinical sample included patients from the Dr. Laza
Lazarevi¢ Clinic for Psychiatric Disorders in Belgrade,
Serbia. The diagnosis of mental disorder in this sample
has been confirmed by the medical history records and an-
amnestic data. The absence of mental disorders in the con-
trol group has been established with the Brief Psychiatric
Rating Scale (BPRS). Participants from both groups were
included in the study only after they had read the infor-
mation about the study and signed the consent to partici-
pate according to the Declaration of Helsinki. The control
group sample was stratified and balanced based on sex and
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age data from the clinical sample. The sample was volun-
tary and consisted of the employees in public companies,
such as the Belgrade Road Public Utility Company, Electric
Power Distribution of Serbia, University Clinical Centre of
Serbia. The remaining participants from this group were
recruited via chain sampling.

Participants

The total number of participants was 272 - 162 from the
clinical population (59.6%), and 110 in the control group
(40.4%). There were 58.8% male and 41.2% female partici-
pants, their age being 20-79 years (M = 42.26, SD = 11.53).
There were no differences between groups in terms of sex
and age. Most of the participant had completed second-
ary school (59.1%), or had bachelor’s degree (30% in the
control, and 11.3% in the clinical group). The majority
of participants with only elementary school was from the
clinical group (10.6%), compared to the control group
(2.7%); 16.4% of the non-clinical and 9.2% of the clinical
sample had higher education.

Instruments

The study employed the following instruments.

MADRS [11] - contains 10 items in the seven-point
Likert scoring format (from 0 — without difficulties, to
6 - significant difficulties). The level of depression is de-
termined by the total sum, and it is classified as follows:
0-6 — without symptoms, 7-19 — mild depression, 20-34
- moderate depression, 34 and more - severe depression.
MADRS has significant correlations with HDRS and BDI
[9, 10, 12]. We used an original version of MADRS that
was previously slightly modified after language and content
validity test.

HDRS - serves to assess the degree of depression [19].
We used a 17-item version, determining depression ac-
cording to the following scores: 0-7 — without depression,
8-15 - moderate depression, 16 and more — severe de-
pression. The most recent validations of the instrument
in Bangladesh and Poland showed satisfactory psycho-
metric characteristics [16, 20]. Although it has long been
considered a gold standard in the clinical assessment, over
the years there have been several major problems with the
scale [10]. The scale proved to be longitudinally unreliable
and with a suboptimal number of responses offered. Also,
the validity of the content is considered unsatisfactory due
to somewhat outdated conception of depression. As a re-
sult, new versions have been made, with slightly different
classification system of scores [21].

BPRS - a scale with 18 items, with a seven-point Likert
scoring format (1-7). Studies have shown satisfactory reli-
ability and validity, and it includes an assessment of the
affects, thinking, anxiety, orientation, motor, and behav-
ioral manifestations [22]. The main requirement for se-
lecting subjects from the control group was a low score
(< 30 points) on the BPRS as an indicator of the lack of
psychopathology [22].
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In addition to these instruments, we also used data ob-
tained from medical history records. Other data (sex, age,
and education) of participants from both groups were col-
lected by an interview before the start of the test.

Statistical analyses and translation

We followed the recommendations for psychometric stud-
ies in which instruments are tested and validated [23]. For
the translation of the scale into Serbian, a linguistic expert
translated MADRS from English to Serbian, and this ver-
sion was compared with the original in order to resolve
potential discrepancies. Then, the instrument was trans-
lated back to English by another professional translator
with a good command of both Serbian and English. The
back-translation was compared with the original instru-
ment and, after the necessary modifications, the scale was
forwarded to further procedure.

The next step was that items’ meaning and compre-
hensibility (content validity) were evaluated by two expert
psychiatrists. All of the items were rated as appropriate and
the final version of the scale was accepted.

Based on the recommendations for sample size [23,
24], we estimated that at least 100 respondents (minimum
10 subjects per item) were needed, since MADRS has 10
questions. When a = 0.05, and the strength of the study
(1-B) = 0.80, for testing the differences between two groups
of t-tests (for example, subjects with or without depression),
at least 51 subjects are needed per group, and testing the
difference between three groups by the ANOVA test (e.g.,
respondents within the clinical group with mild, moderate,
and severe depression) requires a total of 156 respondents.
Based on all this and the calculations in the G*Power pro-
gram (Heinrich-Heine-Universitdt Diisseldorf, Germany),
the goal was to involve at least 160 subjects from the clinical
population and at least 110 non-clinical respondents.

For the statistical analyses, we used exploratory factor
analysis, t-test, Pearson correlation and intraclass correla-
tion coefficient (ICC) for the reliability.

RESULTS
Factor structure

We used exploratory factor analysis with direct oblimin
factor rotation. The analysis of the main components dis-
tinguishes one factor that explains 58.45% of the total vari-
ance (Table 1; Figure 1). All items have loadings above 0.50.
Kaiser-Meyer-Olkin measure of representativeness was
0.90. Bartlett’s sphericity test was statistically significant
(x*(45) = 1698.03, p < 0.001).

Analyzing individual items, item 6 (concentration dif-
ficulties) gives the largest share in the explanation of the
variance with .072, item 2 with 0.71 (expressed sorrow),
item 7 with 0.69 (difficulty in the commencement of activi-
ties), and item 1 with 0.69 (noticeable sorrow).
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Table 1. Factor weights and explained variance in test and retest

situation
Test Retest
Items Factor % of Factor % of
loadings variance loadings variance
MADRS1 0.830 0.689 0.836 0.698
MADRS2 0.844 0.712 0.822 0.676
MADRS3 0.692 0.479 0.584 0.341
MADRS4 0.695 0.483 0.722 0.521
MADRS5 0.652 0.425 0.647 0.418
MADRS6 0.846 0.716 0.804 0.646
MADRS7 0.832 0.693 0.852 0.726
MADRSS8 0.772 0.596 0.787 0.619
MADRS9 0.727 0.528 0.732 0.536
MADRS10 0.723 0.523 0.717 0.514

MADRS - Montgomery-Asberg Depression Rating Scale

s
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°
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Figure 1. Diagram for the Montgomery-Asberg Depression Rating
Scale

Basic descriptive statistics are shown in Table 2.

Table 2. Descriptive data for Montgomery-Asberg Depression Rating
Scale (MADRS) in the clinical and the control group

MADRS n | Mean | SD |Min.| Max. | skewness | kurtosis
Clinical group | 162 | 13.28 | 11.8| 0 51 1.01 0.2
Controlgroup | 110 | 1.7 |1.96| 0 8 1.31 0.46

Reliability analyses

The ICC is used in cases where there are more examiners
or more repeated measurements in the research, and there-
fore it was suitable for this study. All of the measures that
are given in Table 3 are referred to the combined measures
of test and retest.

It is considered that each value of the ICC 0.75-0.90 is
good, and values over 0.90 represent excellent test-retest
reliability [25]. Cronbach’s alpha values obtained at the first
test (a = 0.84) suggests high internal reliability of the scale
considering the small number of items. The total test and
retest scores also showed significant correlation (r = 0.89,
p <0.01). Therefore, all items, as well as the overall result,
give good indication of reliability in repeated measure-
ments, which suggests that longitudinal measurements
can be considered reliable.
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Table 3. Intraclass correlation coefficient (ICC) by items on the
Montgomery-Asberg Depression Rating Scale (all the items of the
ICC are significant at the level of 0.01)

Items M SD ICC 95%Cl
Lower bound | Upper bound

1 2.06 293 0.87 0.83 0.9
2 2.01 2.83 0.84 0.8 0.88
3 2.18 248 0.88 0.85 0.91
4 1.75 2.78 0.9 0.87 0.92
5 0.78 2.01 0.86 0.82 0.89
6 1.45 2.52 0.87 0.84 0.9
7 1.55 2.54 0.86 0.82 0.89
8 1.41 2.65 0.88 0.84 0.9
9 1.39 2.19 0.84 0.80 0.88
10 0.56 1.72 0.87 0.83 0.9
Total 15.13 19.37 0.93 0.91 0.95

Discriminative sensitivity

The t-test results support the fact that there are statisti-
cally significant differences with large effect size between
the clinical and non-clinical populations in both test and
retest situation (Table 4).

Table 4. Differences between the clinical and the control group test
and retest scores

Clinical Control 95% Cl ,
Group t | Lower | Upper Cohen's
d
i =D i i bound | bound
t'\g/:tDRs 13.28| 11.8 | 1.7 | 1.96 | 12.25*% | 9.72 13.45 1.37
MADRS 10.23{10.27 | 1.08 | 1.42 | 11.18* | 7.53 10.76 1.25
retest

MADRS - Montgomery-Asberg Depression Rating Scale
*<0.01

Discriminating power of the total score was shown to
be satisfactory (canonical correlation 0.53; Wilk’s lambda
0.52, p < 0.001; 77.2% of the participants correctly clas-
sified). The obtained results indicate that the area under
the receiver operating characteristic curve is 0.878 (rang-
ing 0.837-0.919). Cut-off score of 7 and above suggests
the presence of depressive symptoms (mild depression
category in original classification), since it showed the
best sensitivity (0.636) and specificity (0.955).

External validation

In order to test external or concurrent validity of the scale,
the scores on the MADRS were correlated with the scores
on the HDRS scale. There was a statistically significant
and very high positive correlation between these scores
(r=0.96,p < 0.01).

Demographic variables and MADRS scores

MADRS scores have shown no statistically significant dif-
ferences between males and females (test: t(272) = 1.80,
p > 0.05, retest: t(272) = 1.78, p > 0.05). A statistically signif-
icant difference in age groups was found (F(3, 268) = 6.36,
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p < 0.01), with medium effect size (1> = 0.07). The group
of the oldest participants (above 52 years old) shows the
highest scores (M = 12.64, SD = 12.6). Similar results are
shown for the differences in education (F(3, 248) = 9.68,
p <0.01,n* = 0.1), where participants with the lowest edu-
cation level (elementary school) show the highest scores
(M =16.39, SD = 13.91).

DISCUSSION

The research was conducted in order to validate the MADRS
scale for Serbian patients, because it has wide application
in assessing depressive disorders.

According to our findings, it can be concluded that
MADRS has satisfactory internal reliability and psycho-
metric characteristics in the test-retest situation. Other
researchers have found that the MADRS scale has good
psychometric characteristics, with the ICC varying from
0.89 to as much as 0.98, depending on the person who
conducts an interview with the patient [12, 26]. The reli-
ability of the entire instrument in our study was excellent
(ICC =0.93, r = 0.000), indicating that MADRS gives the
same results on repeated measurements, and is good for
monitoring, i.e., for use in longitudinal studies. The results
show that all item intercorrelations in test and retest situa-
tions are also positive and strong (more than 0.60).

An analysis of the main components identified one
factor explaining 58.45% of the variance, and it was con-
firmed that the MADRS measures a unique construct —
depression. The one-dimensionality of the MADRS scale
was previously confirmed in a large, multinational study
involving depressed patients [6], as well as in other similar
studies [12]. The items that proved to be most significant
in factor analysis in both test situations in our study are
difficulty with concentration, expressed sorrow, difficulty
in starting the activity, and noticeable sadness.

MADRS shows significant differences between the
clinical and the non-clinical population, which supports
the discriminatory validity of the scale, in both test and
retest situation. A recent study confirms, with rather high
values of sensitivity and specificity, that the cut-off point
for moderate depression is 20 (sensitivity 98%; specificity
96%), and the cut-off point for severe depression is 34 (sen-
sitivity 98%; specificity 92%) [12]. In our study, a cut-off
score of 7+ suggests the presence of depressive symptoms
(mild depression category in the original classification).

What is particularly significant is the strong positive
correlation between the MADRS and the HDRS-17, as it
was also suggested by previous studies [8]. A number of
studies comparing the MADRS and HDRS-17 have shown
that the MADRS has a higher sensitivity to changes that
occur under the effect of therapy [8, 27, 28].

It is important to note that there are certain differ-
ences in the scores in terms of demographic categories.
No differences were found according to the sex criterion;
however, the oldest participants and those with primary
school education reported the highest scores. Medical
conditions, cognitive deficits, loss of significant others,
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and changes in social life associated with old age might
decrease the applicability of some psychological treatments
and influence the treatment outcome in elderly depressed
people, but they can also influence the comprehension of
the items, and an increased tendency towards depressive
reactions upon testing [29]. The prevalence of depression
is greater in individuals with lower socio-economic status
and lower qualifications, which may be the reason why
our results show that the participants with only primary
school education report higher scores in comparison to
other qualification levels [30].

A possible confounding variable of the present study is
the effect of pharmacotherapy, as the change in the scores
may depend on the type of the drug, the dosage of the
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drug, and the reactivity to the therapy. Other confounding
variables relate to changes in the environment of respon-
dents (improvement in relationships with fellowmen, the
effects of psychotherapy, etc.).

CONCLUSION

The MADRS scale has shown good psychometric charac-
teristics in our study; thus, it may be used for the assess-
ment of depressive disorders in Serbian patients.
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Banupgaumja cpncke Bep3suje ckane MoHtromepu-0cbepr 3a npoueHy genpecuje

KoA AenpecuBHuUX 60necHUKa

lopaH Muxajnosuh', MeTap Bojsoguh?, JoBaHa Bojsoguh?, AHa AHgoHOB?, lapko XuHuh*

'YHuBep3utet y KparyjesLy, OakynteT MeAULIMHCKNX HayKa, KparyjesaL, Cp6buja;

2KnuHuika 3a ncuxujatpujcke 6onectn, Jp Jlasa Jlasapesuh’, Beorpag, Cpbuja;

3YHuBep3auTeT,CuHrnayHym’, OakynTet 3a Meauje 1 KomyHuKaumje, Operberbe KnnHuuKe ncuxonoruje, beorpag, Cpbuja;
*YHuBep3uTeT y Kparyjesuy, Ogersere 3a ncuxonorujy, Kparyjesa, Cpbuja

CAMETAK

YBop/Lwsb Linsbs ose ctyauje 6una je sanmpaumja ckane MoHT-
romepn-Ocbepr 3a npoueHy fenpecuje kog 6onecHuka y Cp-
6uju Koju 6onyjy on penpecuje.

MeTopge /l TecT n peTtect cutyaumje cy cnpoBefeHe Ha 162
oapacna 6onecHrKa Koja 1Majy AnjarHOCTUKOBaH AeNPeCcrBHM
nopemehaj, 1 Ha KOHTPOHOj rpynu of 110 ocoba Koje HeMajy
HujepaH obnnk MeHTanHux nopemehaja. Y3opak je unHuno
58,8% ncnutaHnKka mywkor v 41,2% »KeHcKor nona, y3pacta
n3mehy 20 1 79 ropguHa (M = 42,26, SD = 11,53), npu Yemy Huje
61no pasnuke n3mehy ncnUTBaHUX rpyna no nosy 1 rognHama.
Mpumetbern cy cnepehi MHCTPYMeHTU: ckana MoHTromepn-Oc-
6epr 3a NpoLeHy aenpecuje, XaMUITOHOBA CKasa 3a NPoLeHy
fenpecuje, Kao 1 KpaTka ckana 3a NcuxujaTpujcky npoLeHy.
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PesynTtatu [NcnxomeTpujcke Kapaktepuctmke ckane MoHT-
romepr-Ocbepr 3a NpoLeHy Aenpecuje, Kao WTO Cy UHTEPHA
KOH3WCTeHLMja, TECT-PeTeCT NOYy3AaHOCT, eKCTePHa BanaHOCT
ca XaMWITOHOBOM CKasloM U ANCKPUMIMHATOPHa BaIMAHOCT,
rokasare cy ce Kao ageksatHe. Ctyguja je Takohe notBpamna
jenHodaKTOpCKy CTPYKTypy UHCTPYMeHTa. [lobujeHe cy cTa-
TUCTWMYKM 3HaYajHe pasfvKke y CKopoBrMa usmehy rpyna no
y3pacTy v 06pa3oBatby, anu Cy 0BU edeKTI pasvka Manau.
3akmyuak Ckana MoHTromepr-Ocbepr 3a npoLieHy aenpecuje
nokasana je fobpe NCUXOMETPMjCKE KapaKTEPUCTMKE Y HALLOj
CTYAMjN 1 Kao TaKBa Ce MOXe KOPUCTUTU 3a NPOLieHy Aenpe-
CVBHUX CTatba Ko bonecHyka y Cpbuju.

KmbyuHe peun: fienpecuja; ckana MoHTromepu-Ocbepr; Banu-
Jaunja MHCTPyMeHTa
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SUMMARY

Introduction/Objective Nuclear Medicine Section of IAEA has developed the software for dynamic renal
scintigraphy, which allows calculation of advanced parameters of drainage: renal output efficiency (OE)
and normalized residual activity (NORA).

The aim of this study was to validate IAEA software by comparing results of parameters of renal drainage
in normal subjects against their established reference values and to assess diagnostic accuracy of OE and
NORA in distinguishing between obstruction/unobstruction.

Methods Fifty-five patients with suspected obstruction and 36 kidney donors were investigated. Group
A consisted of 24 obstructed kidneys, Group B of 37 kidneys with dilated urinary tract, and Group C of 72
normal kidneys. Forty-minute acquisition was applied. Furosemide was administered after 20 minutes.
Post-micturition image was acquired at 50 minutes. The analyzed parameters were as follows: OE at 20
minutes (OE, ) and at the end of the furosemide test (OE, ), NORA at 20 minutes (NORA, ) and after mic-
turition (NORA,, ). One-way ANOVA was used for evaluating the differences between the groups. Ability
of OE,; and NORA,, to distinguish between obstruction/unobstruction was determined by ROC curve
analysis. The sensitivity, specificity, area under the curve, and cut-off values were analyzed.

Results Excellent agreement of our results with established OE and NORA values was found. The differ-
ence between the groups was significant for OE,, OE, , NORA, ,and NORA,, (p < 0.001). Cut-off values
for obstruction were 82% and 0.11 for OE,  and NORA, , respectively.

Conclusion IAEA software gives reliable analysis of diuretic renography and helps to better diagnose
obstruction. IAEA should be encouraged to produce final version of the software and to release it online.
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INTRODUCTION

Diuretic renography is an old nuclear medicine
technique, which is still widely used in the di-
agnosis of upper urinary tract obstruction. The
differentiation between obstruction and non
obstructive dilatation is assessed by the analysis
of the down-slope of renogram curve after in-
jection of furosemide [1]. The advanced quanti-
tative parameters of kidney drainage, i.e., renal
output efficiency (OE) and normalized residual
activity (NORA) were proposed some time ago.
They were shown to be the least dependent of
the underlying single kidney function in com-
parison with other parameters [2, 3].
Nonetheless, these parameters have not been
routinely used, since the majority of software
for the analysis of diuretic renography did not
incorporate the tools for their calculation. In
the meanwhile, the Nuclear Medicine and
Diagnostic Imaging Section of the International

Atomic Energy Agency (IAEA) has developed
non-commercial software for renogram pro-
cessing on a simple p-computer, which gave
the opportunity of calculating OE and NORA
[4]. However, neither was this software fully
completed, nor was the quality of its quantita-
tive indices validated in comparison with any
commercial software package.

In this study we used MAG-3 and a specific
time for injecting furosemide and studied the
performances and clinical reliability of the use
of IAEA Software Package in detecting urine
flow obstruction. The aims were as follows: a)
to validate the numerical outputs of this soft-
ware by comparing the results of parameters of
renal drainage in normal subjects against their
established reference values, and b) to assess
the diagnostic accuracy of OE and NORA in
distinguishing between obstructed and patent
upper urinary tract.
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METHODS

Patients enrolled in this study were referred
from the Urology Department between
November 2011 and July 2014 with the di-
agnosis of unilateral or bilateral urological .
disorder which caused the dilatation of the
collecting system and suspected upper uri-
nary tract obstruction. They had undergone
#mTe-MAG-3 dynamic scintigraphy with fu- rl
rosemide stimulation. The criteria for inclu-
sion in the patients’ groups were age over 18
years, renal function tests (serum creatinine .
level — sCr, creatinine clearance — ¢Cr) and 2000
at least two imaging tests whose findings i
suggested obstruction. The exclusion crite-
ria were recent renal or ureteral surgery and
high grade of vesicoureteric reflux. There i
were 55 patients, 23 males and 32 females, ol /
aged 21-73 years (mean: 44.4 £ 16.0 years). /
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nation. They had no structural abnormality
of kidneys on ultrasound examination nor
any history of kidney, urinary, or cardiovas-
cular disorder, autoimmune disease, or dia-
betes. There were 16 males and 20 females
(age range: 35-73 years; mean: 51.7 £ 10.6 years) in the
control group.

Ethical approval for this study was obtained from the
Ethics Committee of the University Clinical Center of
Serbia (approval number: 668/6/2018), and the written
informed consent from the patients was obtained.

Each subject received 500 ml of water 60 minutes before
the study and emptied the bladder just before the acquisi-
tion. A large field of view y camera (Siemens Orbiter 7500,
Siemens, Erlangen, Germany) was set up with low-energy
all-purpose collimator. The subject was in the supine posi-
tion above the camera, which was positioned to include the
left ventricle and both kidneys. A 40-minute acquisition
protocol with 240 10-second images in 128 x 128 matrix
size was applied. The dose of *"Tc-MAG-3 was adjusted
for body weight, with a minimum of 74 MBq (2 mCi) and
a maximum of 200 MBq (5.5 mCi), according to the re-
spective guidelines [5, 6]. Furosemide was administered
20 minutes after the acquisition. Post-void static image of
one minute duration was acquired 50 minutes after tracer
injection.

Regions of interest were drawn over the left ventricle
and both kidneys. The renal regions of interest included
the kidney cortex and pelvis. From the generated reno-
grams, the time to maximum activity (T ) and to half
maximum (T, ,) were calculated. Differential renal func-
tion (DRF) was determined using the Rutland-Patlak plot
method [7].

Three experienced physicians (two nuclear medicine
specialists and one urologist) analyzed each patient and
classified the kidneys into two categories. The division
was based on the analysis of the pattern of excretion on

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):322-327

Figure 1. A structured display of IAEA Software Package review screen; serial 1-minute
images of kidneys enable the estimation of tracer kinetics; composite parametric
image with regions of interest over kidneys, left ventricle, and background; postmic-
turition image; renogram curves

diuretic renography after furosemide (by visual assessment
of dynamic images and curves, T___and T, values) and
imaging tests other than renography (ultrasound, IVU,
CT, MRU). Kidneys with poor drainage after furosemide
and clinical/radiological signs of obstruction were classi-
fied into Group A. They were characterized by progressive
accumulation of the radiopharmaceutical in the collecting
system on dynamic scintigraphy and retention of the tracer
on post-micturition images. Other imaging tests showed
significant dilatation of pelvi-calyceal system and lack of
appearance of radiology contrast media in the lower uri-
nary tract. Group B consisted of hypotonic unobstructed
kidneys with good drainage of the pelviureteric system
after furosemide on dynamic scintigraphy images, followed
by significant further drainage on post-micturition images.
Radiology imaging tests revealed moderate pelvic dilata-
tion and signs of patent urinary tract.

For the OE and NORA, the IAEA software package was
used (Figure 1). These parameters were determined at two
time points: OE at 20 minutes (OE,)) and at 40 minutes
(20 minutes after furosemide injection, OE, ), NORA at
20 minutes (NORA, ) and on the post-micturition acquisi-
tion (NORA

PM)'

Statistical analysis

For assessing the results of the research, descriptive and
analytical statistics (IBM SPSS Statistics, Version 20.0; IBM
Corp., Armonk, NY, USA) were used. The default level of
significance was put below 0.05 level. We used the one-
way ANOVA for evaluating the differences between the
groups. The unpaired t-test was used to compare the values
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Table 1. Parameters of *"Tc-MAG-3 renogram in normal kidneys

Beatovic Lj. S. et al.

Table 2. Output efficiency and normalized residual activity

Values [T (min) | T, ,(min) | OF,, (%) | OE, (%) | NORA,, | NORA,, | DRF (%) in kidneys with obstructed or dilated urinary tract.
5 - = = - - = = Groups ‘ O, (%) ‘ OE,, (%) ‘ NORA,, | NORA,,
Mean | 357 6.61 9129 | 9706 | 038 | 002 | 5023 Group A (obstructed)
SD 0.66 1.75 277 125 | 011 | 001 | 343 n 24 24 24 24
Min 0.7 25 84 92 016 | 001 43 Mean 49.61 66.18 24 0.32
Max 52 11 97 98 069 | 006 57 b 12.2 10.64 0.54 0.11
DRF - differential renal function; T__ - time to maximum activity; T, ,time to half maximum Min 31 47 1.73 0.17
activity; O, - output efficiency at 20 minutes; OE, - output efficiency at the end of the Max 71 82 3.46 0.65
furpsemldeite‘:st; NORA,, — normalized residual activity at 20 minutes; NORA,,, — normalized Group B (dilated)
residual activity after micturition
n 37 37 37 37
Mean 66.92 93.31 1.57 0.03
between groups A and B. The relationship between OE, S'? 1275 3.70 0.66 0.01
and NORA, was assessed by Pearson correlation coef- Min 38 84 042 0.01
ficient and linear regression analysis. The ability of the Max o % 351 0.06
p* < 0.001 < 0.001 < 0.001 <0.001

OE, and NORA, | to distinguish between obstruction/
unobstruction was determined by receiver operating char-
acteristics (ROC) curve analysis. Sensitivity, specificity, the
area under the curve (AUC) with 95% confidence interval,
and cut-off values were analyzed.

OE,, - output efficiency at 20 minutes; O, - output efficiency
at the end of the furosemide test; NORA | -~ normalized residual
activity at 20 minutes; NORA, | - normalized residual activity
after micturition;

*significance level from comparison of kidneys with good and
poor drainage

Table 3. Receiver operating characteristics analysis for output efficiency at the end of
the furosemide test and normalized residual activity after micturition

RESULTS Predictor Ol Sensitivity | Specificity
h n | AUC 95% Cl p cut-off
N variables (%) (%)
Subjects value
OE40 (%) | 61| 0.992 | 0.934-1.000 | < 0.001 <82 98 91
Fifty-five patients presented with 61 hydro- | NORAPM |61 | 1.00 | 0.852-1.000 | <0.001| >0.10 97 95

nephrotic kidneys (49 patients with unilat-
eral, six with bilateral HN). The underlying
clinical diagnosis were pelviureteric junction
narrowing (51%), renal calculus (38%), ure-
teral stenosis (4%), and other (7%). Twenty-four kidneys
had the signs of obstruction and were classified into Group
A, while Group B consisted of 37 kidneys with dilated but
unobstructed upper urinary tracts. The control Group C
consisted of 36 subjects with 72 renal units. In total, 91
subjects and 133 renal units were analyzed.

Parameters of renal washout in control subjects

There were 72 kidneys in Group C (36 on the left and 36
on the right side). In all kidneys, the DRF was normal,
43-57%. Table 1 shows the mean and standard deviation,
the minimum and maximum values for Tmax, Tm, OE,,
OE,, NORA,, NORA, ,and DRE As expected, the values
for NORA were low, whereas OE was high.

Parameters of kidney washout in patients

Group A consisted of 23 kidneys, and Group B of 36 kid-
neys. The results of NORA , OF, , OE,,and NORA  are
shown in Table 2.

The one-way ANOVA comparison between the groups,
taking normal Group C as the reference, showed signifi-
cant difference for the OE,, OE,, NORA,,and NORA, |
(p < 0.001, Figure 2). Comparing the values between
groups A and B, the significant difference was obtained
for the values of OE, and NORA,, (p < 0.001).

20 20 40

‘ DOI: https://doi.org/10.2298/SARH200520003B

OE,, - output efficiency at the end of the furosemide test; NORA,,, -~ normalized residual activity
after micturition;

AUC - area under the receiver operating characteristics curve

Significant inverse linear correlation between NORA, |
and OE,  was obtained by linear regression analysis
(r=-0.982;y=99.1 - 20.2x) at 0.001 level. The dispersion
of the values along the line of regression slightly increased
when the quality of drainage decreased (Figure 3).

The ability of the OE, and NORA,  to distinguish be-
tween obstructed and unobstructed kidneys were analyzed
by the ROC curve analysis. The AUC with 95% confidence
interval, optimal cut-off values, sensitivity, and specificity
are summarized in Table 3.

DISCUSSION

In adult patients with suspected upper urinary tract
obstruction, we studied the performances of the IAEA
software for the comprehensive analysis of radionuclide
renography and validated the reliability of its numerical
outputs for characterizing kidney drainage, by compar-
ing with reference values for *"Tc-MAG-3. The obtained
results revealed excellent agreement with established nor-
mal ranges of OE and NORA. Normal kidneys presented
with OE, values higher than 83%, OE, higher than 91%,
NORA, lower than 0.70 and NORA,, lower than 0.07.
In kidneys with obstruction, OE,  was lower than 83%
and NORA,,, was higher than 0.17. Furthermore, OE
showed high sensibility and specificity in verifying insuftfi-
cient drainage. The calculated cut-off values for predicting

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):322-327
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Figure 2. In a-d, the values of output efficiency OE, , OE, , normalized

residual activity NORA, and NORA,, (postmicturition) are, respectively,
represented for the groups of patients A, B, and C; OE is given in per-
centage and NORA in units

poor drainage were shown to be < 82% and > 0.10 for OE,
and NORA, , respectively.

The traditional way to analyze the diuretic renogram
consisted of visual interpretation of dynamic images and
time/activity curves, as well as the calculation of T _and
T, values [8]. The problem appears in cases of reduced

1/2
renal function or grossly dilated renal pelvis when T, is

0

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):322-327

OE20

y=99.062 -20.222 x o
n=148
r=0.98; P <0.001

NORA20

Figure 3. Correlation between output efficiency OE,  and normalized
residual activity NORA_ ; the Pearson’s correlation coefficient was high
(r=-0.982,p <0.001)

20

prolonged, even in the absence of obstruction, which leads
to equivocal findings of diuresis renography [9]. The out-
put efficiency index and the normalized residual activity
are two measurements that have been proposed by the
International Scientific Committee of Radionuclides in
Nephro-urology to compensate for slower rates of clear-
ance due to reduced renal function [5]. Some commercial
software packages incorporated the tools for calculating
these two parameters, but users in developing countries
could not afford them due to their high price. IAEA re-
leased the non-commercial Software Package for the
Analysis of Scintigraphic Renal Dynamic Studies as a
draft version in 2010 [4]. However, to date, the software
has not been completed, probably due to the lack of inter-
est in nuclear medicine centers in developed countries to
apply the software, since their departments are equipped
with high-quality commercial software packages. In our
department, there has been considerable interest to apply
the advanced analysis of diuretic renography. To the best
of our knowledge, this is the first study on the validation
of numerical indices of the IAEA software in patients with
impaired drainage.

In the previously published studies about OE and
NORA, various protocols were used, with the differences
in duration of acquisition and in the time of diuretic chal-
lenge. This invalidates the comparison between studies
and avoids the determination of the cut-oft values of these
parameters for differentiation between obstruction/un-
obstruction. In the newest guidelines for diuresis renog-
raphy, three time points were specified for the calculation
of renogram parameters: 20 minutes after the start of the
acquisition, 20 minutes after the diuretic challenge, and
on the post-micturition scan. The current version of the
IAEA offers the calculation of OE, and OE,, NORA, ,
and NORA,, [5, 10]. According to these time points, we
calculated the present results.

The normal ranges for parameters of **Tc-MAG-3 re-
nogram were reported in several studies, mainly for T
and T, , [11-15]. The results calculated in our study with
the use of IAEA software showed substantial agreement
with these values (Table 4).
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Table 4. Comparison with related studies forT__ andT, ,

Tmax (minutes) T1/2 (minutes)

Stud

udy (year) n Mean | SD n Mean | SD
[11]1(1994) 36 3.6 2.2 36 6 25
[12] (2002) 82 3.2 0.6 - - -

Jung and coworkers

(2005) [13] 22 3.8 1.2 22 6.2 25

[14] (2006) 106 3.8 1.9 106 6.5 4.1
[15] (2015) 48 3.1 0.5 - - -
Present study 72 3.6 0.7 72 6.6 1.7

T . — time to maximum activity; T, ,time to half maximum activity

172

For the OE, in the study that validated this index as
an objective quantitative parameter of kidney drainage,
Chaiwatanarat et al. [2] reported the normal values in
22 kidneys of healthy control subjects to be 91.6 * 4.6%,
which is in complete agreement with our results. In ob-
structed kidneys, they obtained somewhat lower values in
comparison with the present study, probably due to shorter
time for diuretic challenge (30 minutes acquisition instead
of 40 minutes in our protocol). In the study of output ef-
ficiency as a method for clarifying equivocal renograms,
the 30-minute acquisition protocol was also applied and
the reported cut-off value for excluding obstruction was
lower than that in our study [16].

The NORA index was proposed as a robust parameter
of renal drainage and simpler for calculation than OE. This
parameter has not been widely assessed in the literature.
More frequently used was the residual activity index ex-
pressed as a percentage of the maximal activity, but it does
not take into account the value of renal clearance [17]. The
reported normal threshold for NORA, was 0.70, which is
identical with the result of the present study [18].

We correlated the values of NORA and OE at calcu-
lated at 20 minutes and obtained high values of Pearson
correlation coefficient, since a significant correspondence
was reported between these two parameters in the litera-
ture [19]. This correlation confirmed the statement of the
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CONCLUSION
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KnuHuuka esanyauuja HoBor codpTBepa 3a aHaM3y AMHAMCKe CUMHTUrpadmje
by6bpera — 3Hauaj epUKACHOCTM BybpekHe enMMUHaLMje 1 HOPMANn30BaHe
pe3ugyasnHe aKTUBHOCTHU Y AWjarHOCTULM ONCTPYKLMje YPUHAPHOT TPaKTa

Cnob6opaHka Jb. beatoBuh'? Mapuja Pagynosuh?, Otaww P. ypytoBuh'#, Munow M. Berskosuh?, Jenena M. Lanorckir?,

Bepa M. ApTtuko'?, [iparaa . lWobuh-LlapaHosuh'?

'YHuep3utet y beorpagy, MeguumHckn dakynter, beorpag, Cpbuja;

YHnBep3nTeTCKI KNHUYKM LieHTap Cpbuje, LieHTap 3a HykneapHy meauumHy, beorpag, Cpbuja;
*BojHOMeAMLMHCKa akagemuja, IHCTUTYT 3a HykneapHy MeauumHy, beorpag, Cpbuja;
*YHUBep3NTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuka 3a yponorujy, beorpag, Cpbuja

CAMETAK

YBop/Lwm Y Opceky 3a HykneapHy meauuvHy MehyHapogHe
areHuuje 3a atoMcky eHeprujy (MAAE) HanpaBbeH je codteep
3a aHanu3y ArHamcke cumMHTUrpaduje bybpera, koju omoryhasa
13payyHaBatbe HOBUX, MPELM3HMjUX NoKa3aTerba 6yopexxHor
13nyurBarba — edrkacHocT envimmHauuje (EE) u Hopmanmso-
BaHe pe3ungyanHe aktnsHocty (HOPA).

Linrb Hawer paga je Banugupatrbe codtepa MAAE nopeherem
BPEAHOCTM MapameTapa peHorpama Kog 3paBurx NCNUTaHMKa
ca FMX0BUM pedepeHTHM BPeAHOCTMMA 1 NMPpoLieHa 3Havaja
EE n HOPA y andepeHLjanHoj AnjarHoCTMLM YPOONCTPYKLIMje.
MeToae AHanu3upaH je 91 ncnutaHmk — 55 6onecHrka ca
CYCMEKTHOM OMNCTPYKLMjOM ypUHaAPHOT TpakTa 1 36 faBanaLa
6y6pera. Y lpynu A cy 6una 24 onctpyKTBHa byopera, y lpynu
B 37 bybpera ca HEONCTPYKTMBHOM Aunatauumjom, y KoHtpon-
Hoj rpynu C 72 HopmanHa 6y6pera. CunHTUrpaduja je paheHa
TOKOM 40. MMHYyTa nocne i.v. ybpu3srasatba *"Tc-MAG-3, dypo-
cemug je ybpum3sraH y 20. MAHYTY, @ MOCTMUKLIMOHA CLIMHTUIPa-
duja cHuMmIbeHa y 50. MuHYTY. 3a 06pagy je kopuwheH codTBep
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MAAE. AHanusnpanu cy EE y 20. muHyTy (EE, ) 1 20 MuHyTa
nocne ¢ypocemupa (EE, ), HOPA'y 20. munyTy (HOPA, ) n nocne
muKuuje (HOPA, ). Y npoueHn pesynTata UCTPaxnBarba Ko-
priwheHe cy MeTofe JeCKPUMTUBHE U aHaNUTAYKe CTAaTUCTHKE.
PesynraTtu Mopeheme Hawwmx pesynTtata ca pepepeHTHUM
BpeaHocTMa EE n HOPA nokasano je BUCOK CTeneH carnac-
HocTu. Pa3nuka uamebhy rpyna je 6una cTaTUCTUYKM 3HaYajHa
3a EE,, EE,, HOPA, nHOPA_ (p <0,001). Cut-off BpegHoCTY 32
AvjarHo3y oncTpykuuje cy bune 82% 3a EE, 1 0,11 3a HOPA .
3akmyuak prmeHa codteepa MAAE nosehaBa AujarHoCTUuKy
TaYHOCT Anype3He peHorpaduje 1 AONPUHOCU NPELN3HNjO]
AvjarHocTum ypooncTtpyKumje. C 063Mpom Ha To Aa Oferberba
HyKNieapHe MeguLHe y MHOrMM 3emM/bama He Nnoceayjy caBpe-
MeHe codpTBepe 3a CLMHTUrpadmjy byopera, 6uno 6v 3HauajHO
na MAAE omoryhu npey3sumatbe copTBepa NPeKo eneKTpoH-
CKor cajTa.

KrmbyuHe peun: pagmon3oTonHa peHorpaduja; ypooncTpykK-
umja; edrKacHOCT eNMMUHaLWje; HOPMaNM30BaHa pe3nayanHa
aKTUBHOCT
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SUMMARY

Introduction/Objective Olecranon aperture is a variable opening in the septum between the olecranon
and coronoid fossae. Its frequency varies largely in different populations and knowledge of its presence
may have clinical implications.

The objective of our study was to determine its prevalence in a sample of Serbian population and to in-
vestigate its morphology and morphometrical features, as well as its relation to the distal end of humerus.
Methods A material used were 70 dry human humeri from the bone collection of the Department of
Anatomy, Faculty of Medicine, University of Nis. We analyzed the presence, shape, transverse and verti-
cal diameter of the aperture, its distance to the tips of the epicondyles from medial border (MB) and
lateral border (LB), as well as the distance between epicondyles (EW) and translucency of the septum in
the bones with no aperture. Vernier caliper was used for measurements of the diameters and distances.
Results Eight olecranon aperatures were observed in seven bones (10%), seven on the left and one on
the right side. Half of them were oval-shaped, while round, triangular, and irregular shape were found.
Translucent septum in humeri with no aperture was present in 67.1% of the sample. There were no sig-
nificant differences between MB and LB, neither between EW in bones with aperture and with septum.
Conclusion Our study presented the rare data about the frequency of olecranon aperture in Serbian
population, suggesting that robusticity of the humerus is not related to the presence of the olecranon
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INTRODUCTION

The coronoid fossa and the olecranon fossa of
the distal epiphysis of humerus are separated
by a thin bony septum which may occasionally
be perforated, thus forming the variable open-
ing [1, 2]. This inconstant perforation is com-
monly known as “septal aperture”, “olecranon
aperture,” “olecranon foramen,” “supratrochlear
aperture” or “supratrochlear foramen,” the last
one being a term proposed to be incorporated
into the Terminologia Anatomica, but it has
not been added to its Second Edition which is
pending approval [1-11]. Recent studies sug-
gested that this opening should be considered
an aperture, not a foramen [2, 8]. A foramen is
rather a conduit for the passage of neurovas-
cular elements, while an aperture represents
an opening in the bone [8]. Therefore, it was
recently suggested that this anatomical variant
is labelled as “olecranon aperture,” consider-
ing the fact that it is not giving passage to any
anatomical structure [2]. We also found this
term more precise, due to relation of the ap-
erture to the olecranon, as well as being more
distinctive than “supratrochlear” one, which
may be mistaken for the elements located on
the frontal bone.

The incidence of the olecranon aperture of
the humerus (OAH) among humans is highly
variable and ranges 0.3-58% in different popu-
lations [8]. The literature data shows substan-
tial discrepancies between various human
subpopulations and ethnicities, which varies
from around 11% in European populations,
the lowest regional prevalence according to the
large meta-analysis [2, 12], to 58% in Native
Americans from Arkansas, USA [8].

The thin lamina is present until the age of
seven, after which the bony septum may be ab-
sorbed and substituted by dense regular con-
nective tissue [8]. The aperture is showed to be
more frequent in women, on the left side [13].
There are many hypotheses on the origin of the
OAH, based on mechanical features, robust-
icity, metabolic factors, genetics, and atavistic
traits; yet none has offered an explanation plau-
sible or convincing enough.

The olecranon aperture is a nonmetric skel-
etal trait important in anthropology, which
may be important for investigating familiar
inheritance, whereas its analysis in medicine
may find application in radiology and orthope-
dic surgery [5]. To the best of our knowledge,
the only data reported within the area of the
Republic of Serbia is one archeological case, a
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Figure 1. Translucent (left) and opaque (right)
septum between the olecranon and coronoid
fossae

Figure 2. Distal ends of humeri with various shapes of the olecranon aperture (1 - oval;
2 - triangular; 3 - irregular)

skeleton 4th-6th century (date estimated), excavated in
Kikinda, with a bilateral aperture found [10]. Therefore,
this study is aimed to determine the incidence of the OAH
in a sample of Serbian population, as well as morphometric
characteristics of the aperture in relation to its size, shape,
and distance to the epicondyles, and to assess the relation
between the epicondylar width (EW), as a measure of bone
size, and presence of the OAH.

METHODS

The study included 70 bilateral dry humeri of unknown age
and sex from the osteological collection of the Department
of Anatomy, Faculty of Medicine, University of Nis, Serbia.
The research was done in accordance with the standards of
the local committee on ethics. The bones chosen for sam-
ple group were with no pathological changes and ante- or
post mortem fractures. Bone healing features, such as a cal-
lus, indicated premortem trauma, while sharp borders or
surfaces were used to identify postmortem damage. With
the help of transmitted light from posterior to anterior, we
analyzed the opacity and translucency of the bony septum
in the bones with no OAH detected (Figure 1), and deter-
mined presence and shape of the OAH, where applicable
(Figure 2). Vernier caliper with a scale division of 0.02 mm
was used to measure the transverse diameter (TD) and ver-
tical diameter (VD), the distance of the medial epicondyle
to the MB of the OAH, distance of the lateral epicondyle
to the LB of the OAH, and the EW. The two observers
took measurement three times independent of each other
and the mean measurement was used. The EW was sta-
tistically compared between
bones with and without the
OAH. Student’s t-test and
descriptive statistics (mean,

RESULTS

In the sample of 70 bones the olecranon aperture was de-
tected in seven humeri (10%). There were two apertures
observed in one bone, which makes total of eight measured
OAH. Seven apertures were present on the left side, and
only one case on the right side. The most common shape
of the OAH was oval (four). We also noticed two round
apertures, one triangular and one irregularly shaped OAH.
The translucent septum was found in 47 humeri (67.1%),
28 on the left side, and 19 on the right side. The opaque
septum was detected in 16 bones (22.9%), eight on each
side (Table 1).

Table 1. Frequency of olecranon aperture of the humerus (OAH) and
translucent and opaque septum

n =70 humeri Left side Right side Total
Bones with OAH 6 (8.6%) 1(1.4%) 7 (10%)
Translucent septum 28 (40%) 19 (27.1%) 47 (67.1%)
Opaque septum 8(11.4%) 8 (11.4%) 16 (22.9%)

The mean TD of the OAH was 5.25 + 3.62 mm and
the mean VD was 3.33 + 1.93 mm. Average distance
of the medial epicondyle to the MB of the OAH was
26.92 + 5.03 mm, while average distance from the lateral
epicondyle to the LB of the aperture was 29.59 + 4.22 mm,
but not significantly larger (p = 0.13; threshold of signifi-
cance 0.05) (Table 2).

Mean EW in the bones with OAH present was
58.97 + 5.53 mm, which was not statistically different
(p = 0.08; threshold of significance 0.05) from average EW
in the bones with no aperture (61.03 + 3.20 mm) (Table 2).

Table 2. Measurements of olecranon aperture and distal end of humerus (in mm)

standard deviation, mini- ™ VD MB LB EW with OAH EW with

. ! Values septum
mum and maximum values)  Iy.;, 5.25 3.33 26.92° 29.59 58.97° 61.03
were obtained using the SPSS D 360 193 503 e oo 220
version 20.0 software (IBM [0 [132-11.96 | 1.22-7.68 | 19.92-3548 | 24.14-3550 | 50.50-65.74 | 56.14-67.86

Corp., Armonk, NY, USA)

TD - transverse diameter; VD - vertical diameter; MB - distance from the medial border of the aperture to the tip of the

medial epicondyle of the humerus; LB - distance from the lateral border of the aperture to the tip of the lateral epicondyle
of the humerus; EW - epicondylar width; OAH - olecranon aperture of the humerus;
p = 0.13 vs. LB (no statistical significance)
°p = 0.08 vs. EW with septum (no statistical significance)
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DISCUSSION

The debate in literature about the name of this opening
between the olecranon and coronoid fossae of the humerus
is whether it is an aperture or a foramen. It is reported that
in vivo it is occupied by connective tissue which is not
perforated by any nerve or blood vessel. Most studies were
performed on cadaveric and archeological human remains,
which are subjected to maceration and decomposition of
softer tissues respectively, which misled earlier investiga-
tors to consider it constantly open and consequently name
it as a foramen [8].

Meta-analysis showed that the overall pooled preva-
lence of the OAH was 21.9%, with studies conducted in
African populations reporting the highest prevalence
(31%). Data reported on the samples located in or de-
scending from Europe had the lowest prevalence (11.1%)
[2]. Table 3 shows frequencies in different populations all
over the world, where the samples of Greek population
strangely present minimum and maximum prevalence
(0.3-21.6%) [1, 3,4, 6,9, 13-19]. The results of our study
(10%) are within a range expected for European popula-
tions, although more extensive sample would offer more
information if the prevalence leans to lower numbers, such
as medieval Slavic Polish population and neighboring
Romanian one, or higher frequencies, such as Greek and
Turkish groups, particularly along with analyzing popula-
tion affinity and migrations, which were largely present in
the history of the area our sample belongs to [5].

We found the OAH to be dominant on the left humeri,
which is in concordance with statistically significant dif-
ference shown in 41 studies [2]. There are reports with
the right side being more frequent or bilateral compared
to the left side [12, 19]. The majority of the OAH found
were oval, then round, and one triangular and irregular
each. These findings and proportions strengthen earlier
reports [2, 15, 19, 20], although some unusual shapes were
also reported, such as sieve-like, rectangular or reniform
[6, 18]. The female samples are usually shown as being
more predilected for the OAH presence, and even slightly
higher frequency in males is a rare finding [1, 2, 4, 5, 6, 13].

The bones with no septum perforated were investi-
gated for its translucency. Our results (67.1% translucent
vs. 22.9% opaque) are among the ranges presented in the
literature [7]. High frequency of the translucent septa in the
present study may suggest higher probability of developing
olecranon aperture present in the population, which should
be investigated in a larger and more representative sample.

The size of the aperture seems to differ in various popu-
lations. Results by Turkish researchers [7, 9] presented the
largest TD (average 6.09 + 2.43 mm and 6.7 + 2.20 mm in
the right male humeri, as well as in the Nigerian popula-
tion [18] (6.82 + 2.92 mm in left side bones), while the
smallest ones were found in Chinese [15] (mean 3.26 +
1.15 mm in right humeri) and Brazilian [1] cases (average
2.33 £ 1.23 mm in left side samples). Smaller apertures in
latter study are believed to be due to the heterogeneity of
Brazilian population as a consequence of mixing native peo-
ple with the colonizing and immigrating nations [1]. In our

‘ DOI: https://doi.org/10.2298/SARH21020901 1K
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Table 3. Frequencies of the olecranon aperture of the humerus in

different populations

Study authors Populations Prevalence (%)
Papaloucas et al. [9] Greek 0.3
Varlam et al. [14] Romanian 1.8
Hirsh [15] White American 4.2
Glanville [15] European 6
Glanville [9] Dutch 6.1
Benfer and McKern [9] American 6.9
Mays [3] English 6.9
Hrdlicka [15] Irish 7.4
Myszka et al. [4] Polish 7.5
Oztiirk et al. [9] Egyptian 7.9
Koyun et al. [9] Turkish 8.6
Akabori [15] Ainus 8.8
Hrdlicka [15] German 8.8
Hrdlicka [9] Italian 9.4
Lietal. [15] Chinese 10.3
Erdogmus et al. [9] Turkish 10.8
Akabori [9] Korean 1
Ndou et al. [16] European 16
Bradshaw et al. [13] Portuguese 16.8
Ming-Tzu [9] Chinese 17.5
Akabori [9] Japanese 18.1
Krishnamurthy et al. [15] Eskimo 18.4
Bradshaw et al. [13] Greek 21.6
Sablan et al. [17] Arab 21.6
Hirsh [15] African American 21.7
Chagas et al. [1] Brazilian 22.5
Mathew et al. [6] Southern Indian 245
Sablan etal.[17] Yazidi 26
Sunday et al. [18] Nigerian 27.7
Sablan et al.[17] Kurdish 30.6
Ndou et al. [16] Xhosa 33
Nayak et al. [19] Indian 344
Ndou et al. [16] Zulu 37
Krishnamurthy et al. [15] Mexican 38.7
Ndou et al. [16] Tswana 39
Ndou et al. [16] Sotho 41
Hrdlicka [15] Australian 46.5
Glanville [9] Tellem 47
Hirsh [9] Native American 58

study, the mean TD was 5.25 * 3.62 mm, which is similar to
another Turkish study (5.23 + 3.74 mm in the right humeri,
4.80 * 2.65 mm in the left humeri) [20], and in a range with
the pooled results on 1086 bones (5.06 + 1.08 mm, 5.45 +
1.31 mm, for the right and left sides respectively), with no
significant difference shown between the right and left sides
[2]. The only literature data from our country are from ex-
cavated remains dated 4th-6th century where the TD was
18 mm on the right side, and 11 mm on the left side [10],
which partially corresponds to our maximum value found
in the left humerus (11.96 mm), as well as to the only find-
ing within the recent bone material (10.4 mm), presented
in the tabular literature data comparison [7]. This ancient
material measurement may be also compared to the study
on the medieval skeleton materials in England, where the
values were up to 21 mm [3].

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):328-333
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Mean VD in our research was 3.33 + 1.93 mm, which is
smaller than pooled results (4.09 + 0.86 mm on the right,
4.43 + 0.83 mm on the left side) and majority of the report-
ed data (4.86 + 1.32 mm; 4.21 + 1.29 mm; 3.81 + 0.97 mm)
[7, 19, 20], only to be compared to the right male humeri
(3.27 £ 1.46 mm) in Portuguese population [13], left side
bones in Indian sample (3.37 + 1.25 mm) [6] and right
apertures in the Nigerian group (3.33 + 1.04 mm) [18].

The distance between the borders of the aperture and
the tips of the epicondyles is suggested in the literature
to determine the position of the OAH. Our results (MB
26.92 + 5.03 mm, LB 29.59 + 4.22 mm) indicate that the
apertures in our study were more medially located, but the
difference was not statistically significant (p = 0.13). Other
researchers have also observed the OAH to be positioned
nearer to the medial epicondyle [7, 9, 16, 19]. The South
African study on several ethnic groups reported that the
population group with the largest TD had significantly
smaller MB and LB compared to the other investigated
groups, which was speculated to be due to the smallest
epicondylar breadth, as a feature of size and robustness,
supporting the findings that the OAH is more prevalent
on the left and among females [16]. Therefore, we included
the EW in our morphometrical analysis and compared the
bones with or without septum, to check if there is any sig-
nificant relation between the width of the distal epiphysis
and the presence of the aperture, as already reported [5].
Mean EW in the bones with the OAH in present study
was 58.97 + 5.53 mm, which was not significantly smaller
than in bones with the septum (61.03 + 3.20 mm), so our
data, supported by other researchers too [3, 13], could not
provide evidence that olecranon aperture is more frequent
in gracile bones, thus not being in accordance with the ro-
busticity hypothesis of the origin of the olecranon aperture.

Prior knowledge of anatomical variants may have an
importance in clinical practice, as it may be an unpleas-
ant finding during a diagnostic or therapeutic procedure
[21]. Radiologists and orthopedists could misinterpret the
aperture as a lytic or cystic lesion, due to a relative radiolu-
cency [1]. Assessment of the range of motion in the joint
is a common method in physiotherapy to estimate a grade
of an impairment [22]. Previous studies reported that in-
dividuals with the OAH might present overextension in
lax and very mobile elbow joint [1]. This hyperextension
may be accounted on increased elasticity of the collagen
fibers or weaker triceps, but not on the size of the proximal
ulna, as well as not on the strength of brachialis, which
may indicate a supposed dominant role of the olecranon
process in the OAH formation [13, 23].

There was suggested that the presence of this aperture
is associated with a narrow and short medullary canal of
the humerus thus may having the influence in the choice of
adequate surgical procedure, although a recent study found
no relation between the OAH presence and the width of
the medullary canal [24, 25]. Sahajpal and Pichora [26]
suggested that an olecranon aperture might act as a stress

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):328-333

riser in healthy humerus thus leading to an atypical frac-
ture-in low energy injuries. Furthermore, increased stress
may modify the fracture pattern of the distal humerus.
Therefore, knowledge on the frequency and causes of the
OAH may alter surgical plan in patients with this anatomic
finding [13, 26].

Supracondylar fractures are among the most common
elbow fracture in pediatric patients where the intramedul-
lary fixation is commonly indicated as a surgical treatment
[27]. Nevertheless, the entry point for intramedullary pin
insertion is controversy in patients with the presence of
the OAH in order to avoid the bone damage and the pin
incarceration [1]. Antegrade insertion of intramedullary
pins is suggested to have lower intraoperative and postop-
erative fracture potential [28] thus to be safer approach in
relation to retrograde medullary nailing [9, 29].

The knowledge about OAH could have an importance
in later studies about defining the safe zones for screw
insertion in distal humeral fractures internal fixation [30].
There could be defined the minimal suggested distance
between the screw and the border of the OAH during the
intraoperative X-ray checks thus avoiding the threads to
pass out of the cortical bone.

The anatomical finding of OAH could also have an
impact in later elbow joint endoprosthesis constructions,
suggesting that the hole of the prosthesis component may
not have to be avoided in a position analog to the OAH
anatomic position.

CONCLUSION

The results of our study presented the frequency and mor-
phometrical features of the variable OAH. The prevalence
of 10% is comparable to other populations and indicates
that the knowledge of this variable opening should not
be neglected in preoperative planning and choosing an
adequate surgical approach, as well as in interpretation of
radiological findings. Our morphometric analysis found
no relation between the presence of the olecranon aper-
ture and robusticity of the humerus. In addition, our data
contribute to the recent morphological, biomechanical,
forensic, and anthropological studies, although etiologi-
cal factors regarding this anatomical variant still remain
uncertain.

ACKNOWLEGMENTS

This work was supported by the grants of the Ministry
of Education, Science and Technological Development of
the Republic of Serbia (Grants No. 41018 and No. 43012),
and of the Faculty of Medicine of the University of Ni§
(Grant No. 38/20).

Conflict of interest: None declared.

www.srpskiarhiv.rs

331



332

REFERENCES

1.

Chagas CA, Gutfiten-Schlesinger G, Leite TF, Pires LA, Silva JG.
Anatomical and Radiological Aspects of the Supratrochlear
Foramen in Brazilians. J Clin Diagn Res. 2016;10(9):AC10-3.

Pires LAS, Leite TFO, Fonseca Junior A, Babinski MA, Chagas CAA.
The olecranon aperture of the humerus: a meta-analysis with
anthropological and clinical discussion. Homo. 2019;70(1):75-84.
Mays S. Septal aperture of the humerus in a mediaeval human
skeletal population. Am J Phys Anthropol. 2008;136(4):432-40.
Myszka A. Septal aperture aetiology: still more questions than
answers. Folia Morphol (Warsz). 2015;74(2):219-24.

Kubicka AM, Myszka A, Piontek J. Geometric morphometrics: does
the appearance of the septal aperture depend on the shape of
ulnar processes? Anat Rec (Hoboken). 2015;298(12):2030-8.
Mathew AJ, Gopidas GS, Sukumaran TT. A Study of the
Supratrochlear Foramen of the Humerus: Anatomical and Clinical
Perspective. J Clin Diagn Res. 2016;10(2):AC05-8.

Bahsi I. An Anatomic Study of the Supratrochlear Foramen of the
Humerus and Review of the Literature. Eur J Ther. 2019;25(4):295-
303.

Ndou R, Pillay S, Schepartz LA. Characterization of the tissue
crossing the supratrochlear aperture of the humerus using
histochemical techniques. Surg Radiol Anat. 2018;40(12):1371-7.
Erdogmus S, Guler M, Eroglu S, Duran N. The importance of the
supratrochlear foramen of the humerus in humans: an anatomical
study. Med Sci Monit. 2014;20:2643-50.

Sarki¢ N, Milaginovi¢ L. A case of artificial cranial deformation from
Kikinda (migration period). Journal of Serbian Archaeological
Society. 2018;34:315-33.

Kachlik D, Musil V, Baca V. Contribution to the anatomical
nomenclature concerning upper limb anatomy. Surg Radiol Anat.
2017;39(4):405-17.

Koyun N, Aydinlioglu A, Glimrukctioglu FN. Aperture in coronoid-
olecranon septum: A radiological evaluation. Indian J Orthop.
2011;45(5):392-5.

Bradshaw R, Eliopoulos C, Borrini M. Septal Aperture of the
Humerus: Etiology and Frequency Rates in Two European
Populations. Anat Rec (Hoboken). 2020;303(7):1821-30.

Varlam H, St Antohe D, Chistol RO. Le processus sus-condylien

et le foramen sus-trochleen de I'humerus. Etude comparative et
anatomo-clinique [Supracondylar process and supratrochlear
foramen of the humerus: a case report and a review of the
literature]. Morphologie. 2005;89(286):121-5.

Li J, Mao Q, Li W, Li X. An anatomical study of the supratrochlear
foramen of the Jining population. Turk J Med Sci. 2015;45(6):1369-73.
Ndou R, Smith P, Gemell R, Mohatla O. The supratrochlear foramen
of the humerus in a South African dry bone sample. Clin Anat.
2013;26(7):870-4.

DOI: https://doi.org/10.2298/SARH21020901 1K

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kundali¢ B. et al.

Sablan AH, Calmon M. Supratrochlear foramen frequency in

three Iragi populations. Forensic Science International: Reports.
2020;2:100107.

Sunday OO, Olusegun OS, Oluwabunmi BM. The supratrochlear
foramen of the humerus: implications for intramedullary nailing in
distal humerus. J Biol Agric Healthc. 2014;4(7):136-9.

Nayak SR, Das S, Krishnamurthy A, Prabhu LV, Potu BK.
Supratrochlear foramen of the humerus: An anatomico-
radiological study with clinical implications. Ups J Med Sci.
2009;114(2):90-4.

Aydin Kabakci AD, Buyukmumcu MU, Yilmaz MT, Cicekcibasi AE,
Akin D, Cihan E. An Osteometric Study on Humerus. Int J Morphol.
2017;35(1):219-26.

Kachlik D, Varga |, Ba¢a V, Musil V. Variant Anatomy and Its
Terminology. Medicina (Kaunas). 2020;56(12):713.

Ndou R. The significance of the supratrochlear aperture (STA)

in elbow range of motion: an anatomical study. Anat Sci Int.
2018;93(1):88-97.

Myszka A, Kubicka AM, Tomczyk J. The mechanical hypothesis of
septal aperture formation tested in an early medieval population
from Ostroéw Lednicki (Poland). J Anat. 2019;234(3):368-75.
Akpinar F, Aydinlioglu A, Tosun N, Dogan A, Tuncay |, Unal O. A
morphometric study on the humerus for intramedullary fixation.
Tohoku J Exp Med. 2003;199(1):35-42.

Ndou R, Maharaj S, Schepartz LA. A radiographic investigation

of the relationships between humeral cortical bone thickness,
medullary canal width and the supratrochlear aperture (STA). Surg
Radiol Anat. 2017;39(1):57-68.

Sahajpal DT, Pichora D. Septal aperture: an anatomic variant
predisposing to bilateral low-energy fractures of the distal
humerus. Can J Surg. 2006;49(5):363-4.

Rashid MS, Dorman S, Humphry S; POTS study collaborators.
Management of acute paediatric fractures treated surgically in the
UK: a cross-sectional study. Ann R Coll Surg Engl. 2021;103(4):302-7.
Antoni M, Lazarus P, Kempf JF, Clavert P. Arthroscopic
intramedullary nailing of humeral fractures through the rotator
interval. Orthop Traumatol Surg Res. 2021;107(1):102750.
Schwarz GM, Zak L, Hirtler L, Wozasek GE. Anatomical
Considerations of Intramedullary Humeral Nailing and
Lengthening. J Clin Med. 2020;9(3):806.

Hara A, Kudo T, Ichihara S, Iwase H, Nagao M, Maruyama Y, et

al. Biomechanical evaluation of a transcondylar screw from the
dorsolateral plate support on the stabilization of orthogonal plate
configuration in distal humeral fracture. Injury. 2019;50(2):256-62.

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):328-333



Olecranon aperture of the humerus — a morphometrical study

OTBOP NAaKTUYHOT HaCTaBKa Ha pameHULm — MoppoMeTpujcKa CcTyauja

bpaua KyHaanuh', bpaHka Mapkosuh?, MunaH MutkoBuh3#, CnahaHa YrpeHosuh', iBaH JoBaHosuh',
JoBaHa YykypaHosuh-Kokopuc', iBaHa [paosaly’, Page YykypaHosuh'

'YHuep3utet y Huwy, MegnunHckm dakyntet, Kategpa 3a aHatomujy, Huw, Cp6buja;

2YHneep3uTeT y beorpagy, OakynteT cnopta 1 drsnyKkor Bacnutarba, beorpag, Cpbuja;

YHuBep3auTeT y Huwy, MegnumHckmn dakyntet, Katenpa 3a xupyprujy, Huw, Cpbuja;

*YHIBEP3UTETCKM KNMHWYKK LeHTap Huw, KnuHuka 3a optoneaujy n Tpaymatonorujy, Huw, Cpbuja

CAXETAK

YBopa/Linre OTBOP NIaKTUYHOT HacTaBKa je BapujabunHm otBop
Ha nperpagw Koja pa3aBaja jaMmy TaKTUYHOT HacTaBKa M BEHYaCTy
jamy pameHmLie. HberoBo NprcycTBo BeOMa Bapyipa y Pa3nnynTiiM
monynavumjama 1 No3HaBakb€e HEeroBor NpYCycTaa Moxe 6yt og,
KIMHWYKOT 3Hauaja. Kao uusb je nocTaBrbeHo oppehrBake npeBa-
NeHLie OBOT OTBOPA Ha Y30PKy CpricKe nonynaLyje, NCnuT1Bake
tberose Mopdonoruje 1 MopPOMETPHjCKIX MapameTapa, Kao 1
HEroBOr OAHOCA Npema CTPYKTypama [JoH-er OKpajka pameHuLie.
Metope Kao matepujan je kopuwheHo 70 JbyAcKUX pameHuLa
3 OCTeOoNOLLKe Konekuuje Kateape 3a aHatomunjy MeanumHcKor
dbakynteta YHuBep3uTeTa y Huwwy. AHanusvpanu cMo npucycTso
1 065IMK OTBOPA, HErOB MOMPEYHMN 1 BEPTUKANHN MPEYHUK,
pacTojatbe YHyTpalltbe 1 Cnosballbe NBULIE OTBOPA Y OHOCY
Ha oaroBapajyhu UBop pameHuLe, Kao 1 pacTojare n3mehy
4YBOPOBA PaMeHviLEe 1 MPOBUAHOCT Nperpaje Ha Koctima 6e3
0TBOpa. 3a Mepetse je KopulheH HoOHUjyC.
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Pesyntatu Ocam oTBOpa je 61510 MPUCYTHO Ha cefjlam KOCTUjy
(10%), of Tora cefjlam Ha N1€BOj U jefjHa Ha fecHOj cTpaHu. Mo-
NOBMHa OTBOpA je 6vna oBanHor 06/rKa, JOK Cy ocTanu 6unu
OKPYFor, TPOYrnacTor U HenpaBuiHoOr obnuka. MposmaHa
nperpaja Ha Koctuma 6e3 oTBopa je 3abenexeHa Ha 67,1%
y30pkKa. Huje 3abenexeHa 3HauajHa pa3nvka nsmehy pactojarba
YHyTpallke 1 Crosballkbe UBULLE OTBOPA Of oaroBapajyher
4yBOpa pameHuLie, Kao Hu n3mehy pactojara nsmehy yusoposa
pamMeHMLie Ha KOCTMMA Ca OTBOPOM U 6e3 rbera.

3aksbyyak Hale nctpaxuvisarbe npyxa petke nogaTtke o 3a-
CTYN/bEHOCTN 11 MOPPOMETPUCKIM KapaKTepuUCTKaMa OTBOpa
NaKTUYHOT HacTaBKa Yy CPMCKoj monynaumju, ykasyjyhu Ha 1o aa
Po6YCHOCT paMeHuLie HUje MOBE3aHa Ca MPWCYCTBOM OBOT OTBOPA.

KrbyuHe peun: aHaToMuja YOBeKa; aHTPOMOJIOruja; CynpaTpo-
XJleapHW OTBOP; CenTanHu oTBOp; ppakTypa

www.srpskiarhiv.rs

333



DOI: https://doi.org/10.2298/SARH210107041N

UDC: 61-051:377(497.11)"2011/2017"

ORIGINAL ARTICLE / OPUTUHAJTHN PA[]

A standstill of the continuing medical education in
Serbia 2011-2017

Ruzica Nikoli¢-Mandi¢', Vesna Bjegovi¢-Mikanovi¢?, Helmut Wenzel?, Nebojsa Lali¢?#, Ulrich Laaser?,
Dejan Nesi¢®

"University of Belgrade, Faculty of Medicine, Centre for Continuing Medical Education, Belgrade, Serbia;
University of Belgrade, Faculty of Medicine, School of Public Health and Health Management, Belgrade, Serbia;
3University of Bielefeld, School of Public Health, Bielefeld, Germany;

*University Clinical Center of Serbia, Clinic for Endocrinology, Diabetes and Metabolic Diseases, Belgrade,
Serbia;

University of Belgrade, Faculty of Medicine, Institute of Medical Physiology, Belgrade, Serbia

SUMMARY

Introduction/Objective Continuing Medical Education (CME) is a crucial element to keep the level of
professionalism in the three key fields of medical education: pre-clinical, clinical, and public health. The
profile of CME in Serbia has been analyzed for the 2011-2017 period.

Methods Between 2011 and 2017, 11,557 courses of CME have been submitted for accreditation, de-
scribed by 26 variables. Due to the predominance of nominal data, we employed a principal component
analysis (PCA) using the nonlinear iterative partial least squares algorithm (PCA/PLS) to arrange the 16
variables with complete information in such a way that most influential factors could be displayed and
ranked. The analysis was done with TIBCO Statistical Software.

Results The Faculty of Medicine of Belgrade takes the top position among the medical faculties in Serbia
with 569 courses or 47.9% (n = 1187;2011-2017), whereas non-educational institutions with 86.2% of all
courses (n = 11,514) are the most dominant providers. Clinical topics dominate the thematic spectrum
with 59.7%. Between 2012 and 2017, the total number of courses offered diminished by 16.9%. A PCA of
16 potential determinants of CME reveals that the most relevant ones are duration, credit points, price,
and number of lecturers.

Conclusion For the last decade, a standstill or even a regression in the development can be observed.
Especially the faculties of medicine in Serbia, as well as other major providers, should reconsider the
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entire structure of their administrative organization and initiate innovative development.
Keywords: continuing medical education; accreditation; evaluation; faculties of medicine; Serbia

INTRODUCTION

Over the last 50 years, Continuing Medical
Education (CME) attracts the attention of both
professionals and scientists as a tool, which is
applied either mandatory or voluntary to main-
tain and upgrade physicians’ competences and
hence the quality of health care [1]. In 2015,
Cervero and Gaines [2] provided and updat-
ed synthesis of systematic reviews to present
the significance of CME and its positive im-
pact on physicians” performance and clinical
outcomes. Today, CME is one of the essential
mechanisms in setting targets for high-quality
health care and equipping the health care staff
to perform corresponding to quality standards
[3]. Accountability and financing arrangements
play a role in strengthening CME. Particularly
in low- and middle-income countries, CME is
a valuable option introduced by governments
and professional organizations to improve the
quality of health care [4]. Besides the effects of
CME at these macro- and meso-levels, it has
potential at the micro level to improve health
workers’ motivation and staff retention by serv-
ing as an incentive.

CME is a composite part of health work-
force development, and though the needs for a
comprehensive system of CME in each country
have existed for many years, this topic only re-
cently became the object of scientific analysis.
Several studies pointed to the diversity among
countries in the system of CME organization
[5, 6, 7]. The lessons of good practice are based
on the existence of national or regional accred-
itation of training events for health workers,
linkage between CME and licensing/re-licens-
ing procedures in professional organizations,
and provision of competency-based education
through work and lifetime, which will influence
patients’ health outcomes [8, 6, 9, 10].

In Serbia, the movement for continuous
quality improvement started with the adop-
tion of system laws in 2005 (Health Care Law,
Health Insurance Law, and Law on Health
Professional Chambers). These laws also
boosted the CME as an integral part of health
system development and a necessary condition
for the re-licensing of five recognized health
professions (physicians, nurses, dentists, phar-
macists, and biochemists). To secure a CME
of high quality, in 2008, the Health Council of
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Serbia obtained the major role in national accreditation of
CME training events [11]. According to the Law on Health
Care, the Health Council is a principal advisory body of
the Ministry of Health for the long-term planning and
development of strategic documents in line with interna-
tional health policies [12]. Among other activities, Council
members perform accreditation of the proposals for con-
tinuing education, which is considered an important ac-
tivity considering the health system development aligned
with international and European recommendations.
Regarding activities dedicated to CME, the Health Council
follows the recommendations and the experience of the
European Association of Medical Specialists (UEMS) [13].
The Health Council of Serbia, with the help of chambers,
performs reviews of training events following established
criteria: evidence-based background of the educational
topic, specified target groups, objectives and outcome of
training, the existence of before-after knowledge testing
and evaluation. Providers of the CME training events come
from a broad spectrum of institutions including public
and private health organizations, educational institutions,
governmental and non-governmental organizations. To
keep work license and registration with their chamber, all
health professionals are undergoing CME training events
every year and must secure the specified number of points
per year, which are equal to the duration of several train-
ing events.

Building on our first analysis of CME in Serbia in 2015,
covering the years 2011 and 2012, we are now in the po-
sition to analyze the entire period of seven years from
2011 to 2017 [14]. During this period, the responsible
institutions in Serbia (Ministry of Health, Health Council
of Serbia, and chambers of regulated health professions)
invested much effort to stabilize the system of CME. They
followed the Bologna process, the Law on Health Care, the
Law on Higher Education in Serbia, and the Strategy for
Development of Education in Serbia by 2020 [12, 15, 16].
Furthermore, the Law on Chambers of Health Workforce
requests obligatory re-licensing every seven years based
on a pre-defined number of CME credits [17]. In 2015,
we concluded that medical faculties are best suited to set
the standards for CME as far as it is obligatory for medical
professionals. The present paper attempts to investigate
whether improvements in the organization and practice of
CME for physicians can be identified, especially concern-
ing the standards set by the four medical faculties in Serbia.

METHODS

The Health Council of Serbia must approve the continuing
education of all health professions' and therefore keeps a
comprehensive database. For this study, the Health Council
provided the data of 11,557 courses for CME of physicians,
submitted between 2011 and 2017. In 2017 alone, reviewers
of the Serbian Health Council analyzed 2928 submissions
for continuing education of physicians and 2157 for other
health professions. (Appendix 1: CME, all health profes-
sions, 2017). The number of proposals submitted is almost
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identical across four cycles, e.g., in 2016 and 2017, with
minor variations in the type of proposal. The database
for Serbian physicians comprised 26 variables (Appendix
4), thereof six variables are interval-scaled, and 20 are
nominal-scaled. We did not further consider the type and
number of participants (nine nominal variables) as the lat-
ter was not available and the status of accreditation was a
nominal process variable of no relevance for this analysis.
This leaves us with 16 variables for the analyses.

For the description, we applied the median and inter-
quartile range because of the heterogeneity of the datas-
ets. As many lecturers are repeatedly reading, we count
the number of lecturers per course but sum-up across all
courses as “lectorates” Due to the predominance of nomi-
nal data, we used a principal component analysis (PCA)
using a nonlinear iterative partial least squares (NIPALS)
algorithm to arrange 16 variables with complete informa-
tion in such a way that the most influential factors could
be displayed and ranked increasing interpretability, but at
the same time minimizing information loss. The NIPALS
algorithm allows to include nominal data as well. Our find-
ings are underpinned by the in-depth delineation of the
outcomes of price patterns and attraction (e.g., hours per
credit point). Analyses were done with TIBCO Software
[18]. As of January 1, 2011, the national currency of dinar
is traded against the euro at a rate of around 118 dinars
per euro.

RESULTS

The organizers traditionally submit the most significant
number of proposals through the Medical Chamber (2928
proposals in total in 2017), followed by the Nursing and
Health Technicians Chamber (1630 in total), the Pharmacy
Chamber (226), the Dental Chamber (156), the Chamber
of Biochemists (49), and the Health Council - for com-
bined education which includes health professionals of dif-
ferent occupation (96), see Appendix 2: continuing medical
education in Serbia, specified by field of education and
year. There are four cycles for submissions of proposals
per year. The average number of proposals accredited per
cycle is 1178 out of the total submitted for accreditation -
an average of 1271. Of the total of 5085 proposals for CME
accreditation in 2017, after the submission of comments
and additions, 92.68% were positively resolved within the
observed period of one year. Share of accredited proposals
out of the total submitted by chambers is the following:
physicians — 96.2%, nurses — 91%, biochemists — 85.7%,
pharmacists — 85.4%, dentists — 78.9%, health professionals
of other occupation - 55.2%.

In Table 1, a total of 11,557 courses targeted physicians
during the period 2011-2017 including 43 courses with
incomplete data. They have been classified according to
the three main categories of preclinical, clinical, and pub-
lic health continuing education programs. The Faculty of
Medicine of Belgrade takes the top position among the
medical faculties in Serbia — which should set the standards
- with 569 courses or more than 80 on average per year.
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Table 1. Continuing medical education in Serbia, summarized overview of all courses submitted 2011-2017

Field of Other faculties Non- Totals

) FM Belgrade | FM Novi Sad | FM Kragujevac | FM Nis | /educational educational | Missing Data including
education R e .

institutions institutions missing data

Pre-clinical 169 28 76 32 107 2290 2 2704
Clinical 315 195 179 57 169 5969 20 6904
Public health 85 19 12 20 109 1683 3 1931
Missing 0 1 0 0 0 17 0 18
Totals 569 243 267 109 385 9959 25 11,557

FM - faculty of medicine
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Figure 1a. Continuing medical education offered by the medical
faculties of Serbia

Figure 1b. Continuing medical education offered by other providers

Variability Plot of Hours per credit participant
Serbia 2011-2017 HW ohne serbisch.sta 32v*11557¢

course portfolio shrinks over the years from the
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L
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T Non-Outlier Range
— Connect Medians

maximum of 1796 in 2012 to 1494 in 2017, i.e., by
16.8%. This trend is the highest for public health
with a reduction of 56.9% since the maximum in
2012. The intermediary rise in preclinical courses
in 2016 may be due to courses submitted in 2015
and accredited later.

Figure 2 shows the hours attended per rewarded
credit point, which demonstrates a remarkable sta-
bility of the system in that between 2012 and 2016
the median of required hours per credit remains
stable at five hours and the range of hours for 50%
of all courses (interquartile range) remains stable
between four to six hours for the period between

2015

2011 | 2012 | 2013 I 2014 |

| 2016 | 2017

2014 and 2017.

Year

Figure 2. Hours per credit attended 2011-2017

However, far more courses are organized by non-educational
institutions like health insurances or non-governmental
organizations, with 86.2% of all courses offered (other
state health institutions, professional organizations, non-
governmental organizations, industry, etc.). Clinical topics
dominate the thematic spectrum with 59.7%, followed by
pre-clinical topics with 21%, and public health with 19.3%.

Figures 1a and 1b show the development over the years
(more details in Appendix 2: continuing medical education
in Serbia, specified by field of education and year). There
is a negative trend of submitted courses, e.g., for clinical
courses offered by the medical faculties (Figure 1a) and
similarly for all other providers (Figure 1b). Together, the

‘ DOI: https://doi.org/10.2298/SARH210107041N

Regarding the prices per course participant,
Figure 3, in general, shows the highest prices for
Belgrade. The differences between Belgrade and
Central Serbia as well as between Central Serbia and
Vojvodina across the fields of education are significant
(ANOVA based on means: p < 0.001).

To understand data better, Figure 4 shows a breakdown
by the responsible four medical faculties and the remaining
groups of other educational and non-educational institu-
tions. Between 2011 and 2017, the medical faculties ask
for the highest prices, especially the Faculty of Medicine
in Ni$, in the field of public health. Also, Novi Sad and
Belgrade stand out for the clinical field of education.

To determine the relevance of the 16 variables with
complete and relevant information available, we performed
a PCA. The PCA identified eight variables as important,

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):334-342
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Variability Plot of Price A (per participant)
Serbia 2011-2017 HW ohne serbisch.sta 32v*11557¢
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to their societal lead role in education and science,
whereas e.g., Maisonneuve et al. [19] found that
pharmaceutical industry accounts for more than
50% of CME in five European countries, financ-
ing and stabilizing the existing system. This may
also explain the relative stability of public health
related courses offered by medical faculties, where-
as those offered by other providers show a clear
downward trend (Figures 1a and 1b). On the other
hand, clinical topics offered by academic providers
trend downwards whereas the number of courses
offered by non-academic providers is rather stable,
at least over the last years. In this regard, it is re-
grettable that the numbers of course participants
(course attendance) are not available. This would
allow to analyze whether increased participation

Figure 3. Comparison of prices per hour by field of education and province

of Serbia 2011-2017

per course compensates for the lesser number of
courses offered, although this may be considered
rather unlikely.
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As demonstrated in Figures 1a and 1b, the system
is stable, but at a standstill or even a slightly down-
ward trend it is visible in the number of courses.
The PCA identified duration, credit points, price,
and number of lecturers, and thereby determined
the variation presented in Figures 1-4. Modifying
these parameters has the potential to adapt the pro-
file better to needs. These critical issues have to be
discussed between the providers and the accrediting
Health Council of Serbia to analyze the areas of pos-
sible improvement. The steep downward trend for
CME in public health may also be due to the deficit
in up-to-date teaching material, which since the end
of the European Stability Pact and the 2nd edition
of the Programmes for Training and Research in

Figure 4. Breakdown of prices by the responsible institution

scaled according to what is usually known as ‘Power; a
quantity ranging 0-1.

Variables with high power (= 0.99):

1. Duration of education (hours)

2. Credit points for lecturers

3. Hours per credit lecturer

4. Price per participant

5. Number of domestic lecturers

6. Number of international lecturers

7. Hours per credit participant

8. Credit points for participants.

The eight variables out of 16 available that are not well
represented (i.e., have low values of power) are more likely
to be unimportant (for details see Appendix 3 - principal
component analysis).

DISCUSSION
Despite their minor quantitative contribution to CME in
Serbia, medical faculties should be the ones to initiate ur-

gently required improvements of the entire system, due

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):334-342

Public Health in 2013 [20] has not been updated
in spite of the positive experience summarized by
Zaletel-Kragelj et al. [21].

Recent publications on CME are rare; at the end of 2009,
Garattini et al. [22] published an analysis of six European
countries, which revealed different models regarding
compliance, financial incentives for some categories of
physicians, formal accreditation of providers, and private
sponsorship. Regulatory bodies exist in some countries
(e.g., Germany and the United Kingdom - UK), whereas
self-regulation is considered sufficient to secure high qual-
ity care in, e.g., Austria and Spain [23].

A model for progressive change is provided by re-
cent developments in the UK initiated by the report on
“Unfinished Business” published in 2002 [24, 25]. A so-
called ‘gold guide’ was first published in 2010 (sixth edition
2016), providing a reference to postgraduate training in the
UK [26]. The following improvements are also especially
relevant for Serbia:

- Provision of a more standardized national program
also for the entry into CME in which all trainees must
achieve a standardized list of generic competencies
(not yet available in Serbia);

- Promotion of the concept of work-based and compe-

tency-based assessment and feedback.
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Since 2010, only one organization, the General Medical
Council (GMC), oversees an integrated under- and post-
graduate education in the UK [27, 28], which is the same
as in Serbia, as only the Serbian Health Council supervises
the process; however, the precise criteria for supervision
are still not endorsed. An example of good practice in the
UK is the “framework for the Professional Development of
Postgraduate Medical Supervisors,” established as early as
2009 [29]. Analogous concepts are promoted in the United
States [30]. In the Netherlands, VanNieuwenborg et al. [31]
argue that “CME should go beyond the sheer acquisition
of knowledge, and also seek changes in practice, attitudes
and behaviors of physicians” With the same intention,
Whitehurst [32] asks for a “continuing medical education
partnership.” A related model to involve practice experi-
ence as an essential element in CME has been proposed
by Wiese et al. [33].

The analysis of the period 2011-2017 and the published
literature during the last five years confirm the recom-
mendations published in 2015 [14, 22, 23, 24, 26, 28-33]:

Administrative organization

1) Improve the database quality of the national registration
especially to include data on final delivery; 2) Providers
should rigorously follow their obligation to produce evalu-
ation reports after completion of educational events, to the
appropriate chamber and to the Health Council; 3) Limit
the course fee rates per hour; 4) Reduce the percentage of
obligatory payments to the administration and arrange for
a cheaper production of certificates in order to save money
for remuneration; 5) Request lecturing in CME programs
of the faculties of medicine as obligatory for academic
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promotion together with an increase of remuneration.
The Faculty of Medicine in Belgrade has adopted these
standards already.

Innovative development

1) Going online towards blended learning; 2) Adopt best
practice from a competitive market; 3) Increase attractive-
ness for participants from South-Eastern Europe (especial-
ly from the former Yugoslavia) and from abroad in general
(if English speaking); 4) Invest in bilateral agreements with
big organizations; 5) Organize focused publicity.

CONCLUSION

Integrated education including practice experience is a
key element to improve CME in Serbia. To follow-up on
this process there should certainly be more rigid control of
submitted courses by the Health Council of Serbia regard-
ing the timeliness of submissions, the completeness of data,
and the reporting of delivered CME. The key determinants
of change should be adapted accordingly as there are dura-
tion, credit points, price, and number/variety of lecturers.

The Faculty of Medicine of Belgrade has invested
considerable effort to stabilize and further develop the
system of CME between 2013 and 2017, and these stan-
dards should be enforced nation-wide for all providers.
Reorganization and adaptation to a changing environment
become mandatory if stagnation and outclassing of CME
should be avoided.
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CrarHauuja KOHTUHYMpaHe MeauLMHCKe eayKauuje y Cpbuju y nepuoay 2011-2017.
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2YHneep3uTet y beorpagy, MeguunHcki pakynrer, LLkona jaBHor 3gpaBsba 1 3ApaBCTBEHOT MeHalMeHTa, beorpag, Cpbuja;
*YHusep3uTet y bunedengy, LLkona jaBHor 3gpasrba, bunedeng, Hemauka;

4YHVBEP3UTETCKM KNMHUYKN LeHTap Cpbuje, KnuHuka 3a eHBoKprHonorujy, aujabetec n 6onectn metabonuama, beorpag, Cpbuja;
YHusep3uTet y beorpaay, MeanunHcku Gakyntet, UHCTUTYT 3a meguuuHcKy dusnonorujy, beorpag, Cpbuja

CAMETAK

YBop/Liwb KoHTUHYnpaHa meanumHcka eaykaumja (KME) npe-
Cy[aH je eNleMeHT 3a ofpXaBake HMBOA NPOPeCUOHANHOCTH
y TpU KibyuHe 065actyi MeguLmMHCKOr 06pa3oBarba: NPeTKu-
HWUYKOM, KNIMHUYKOM 1 jaBHOM 3apaBsby. Mpodun KME y Cpbuju
aHanu3upat je y nepuogy 2011-2017. roguHe.

Mertope Y nepriogy 2011-2017. roguHe NpeAato je Ha akpeau-
Taumjy 11.557 egykaunja KME, koje cy onucaHe ca 26 npome-
H/bUBWKX. 360r NpeBnagaBata HOMUHAMHUX NOJAaTaka KOpUC-
TWNIN CMO aHanu3y rnaBHUX KOMNOHeHaTa moMohy anropuTma
NIPALS pa 6ucmo 16 npomeHsbrBUX (Bapujabnu) nopehanu ca
NoTNyHUM MHbOPMaLIMjaMa Ha TakaB HAuMH [ja Ce HajyTULjHUjun
dakTopy Mory NpuKasaTtv 1 paHrupaTu. AHanmsa je ypaheHa ca
cTatucTnukum copreepom TIBCO.

Pesyntatn MeguuuHckn dakyntet y beorpapy 3ay3uma Bogehe
MecTo Mehy MegmumMHcKUM dakynteTuma y Cpbuju ca 569 Kyp-

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):334-342

ceBa unn 47,9% (n = 1187; 2011-2017), [ok cy Heobpa3oBHe
ycTaHoBe ca 86,2% (n = 11.514) HajAOMUHAHTHWje y OpraHu-
3aumjun KME kypceBa (kao npyxaouu ycnyra KME). KnuHnuke
obnactv gomnHMpajy ca 59,7%. Vamehy 2012. n 2017. roguHe
yKynaH 6poj KypceBa ce cmammo 3a 16,9%. Og 16 moryhux
fetepmuHanTy KME, npema aHanunsu rnaBHMX KOMMNOHEHaATa,
HajpeneBaHTHuje cy Tpajarbe, 6poj aobujeHrx 60A0Ba, LieHa
1 6poj Npeaasava.

3ak/byvaK ToKOM nocefrbe AeLeHuje MoXe Ce yOuuTy 3acToj
UM Yak HasadoBake Y pa3Bojy. Moce6Ho 61 MeguLMHCKN da-
Kyntetn y Cpbuju, Kao 1 apyrv 3HauajHu opraHusatopu (npy-
)aouu ycnyra), Tpebano Aa npencnutajy LenoKynHy CTPyKTypy
CBOje aAMUHNCTPATMBHE OpraHu3aLmje 1 NOKPeHy NHOBATVBHY
pa3Boj.

KrmbyuHe peum: KOHTVHYMpaHa MeANLIMHCKa efyKaLja; akpe-
AuTauwja; eBanyauuja; MeanumMHckn dakyntetu; Cpbuja
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Appendix 1. Continuing medical education, all health professions, 2017

Total continuing medical education accreditation results for four cycles
(January 2017, April 2017, Jul 2017, October 2017)

Professional | Coursesand | Congresses/ On-line Total Total Complains Total

Chamber meetings seminars symposiums testing proposals | complains | positively ota
- . accredited
S R S R S R S R submitted | submitted solved

Physicians 1493 72 683 77 239 10 305 49 2928 147 98 2818
Nurses 910 115 232 37 51 4 249 32 1630 88 42 1484
Pharmacists 105 19 44 3 3 / 29 23 226 13 12 193
Dentists 25 9 27 11 35 2 32 15 156 4 4 123
Biochemists 33 2 5 / 2 / / 7 49 2 2 42
Health professionals | - 5|3, | 49 | 1y 10 4 / 5 % 14 9 53
of other occupation
Total 2581 | 249 | 1010 | 139 | 340 20 615 | 131 5085 268 167 4713

S - submitted; R - refused as not appropriate;
Note: Success of accreditation - share of accredited proposals in total submitted

Appendix 2. Continuing medical education (CME) in Serbia, specified by field of education and year

R RE Fa%illtgyr:(fjgﬂ (ii/llg;‘e’ factljlltli:sn(}?\ccjll.c I?IIVI B) oé(_lglaor:izz:s NETAES ()
2011

Preclinical 19 42 279 321(18.06)
Clinical 61 149 947 1096 (61.68)
Public Health 14 37 323 360 (20.26)
TOTAL 2011 94 228 1549 1777
2012

Preclinical 24 45 310 355(19.77)
Clinical 45 128 944 1072 (59.69)
Public Health 8 14 355 369 (20.55)
TOTAL 2012 77 187 1609 1796
2013

Preclinical 23 40 365 405 (23.95)
Clinical 39 93 874 967 (57.19)
Public Health 12 19 300 319 (18.86)
TOTAL 2013 74 152 1539 1691
2014

Preclinical 27 43 272 315(20.22)
Clinical 41 88 811 899 (57.70)
Public Health 1 18 326 344 (22.08)
TOTAL 2014 79 149 1409 1558
2015

Preclinical 19 30 420 450 (26.49)
Clinical 49 108 956 1064 (62.63)
Public Health 17 17 168 185 (10.89)
TOTAL 2015 82 155 1544 1699
2016

Preclinical 27 59 355 414 (27.62)
Clinical 40 113 780 893 (59.57)
Public Health 11 14 178 192 (12.81)
TOTAL 2016 78 186 1313 1499
2017

Preclinical 30 46 396 442 (29.59)
Clinical 40 67 826 893 (59.77)
Public Health 15 17 142 159 (10.64)
TOTAL 2017 85 130 1364 1494
2011-2017

Preclinical 169 305 2397 2702 (23.47)
Clinical 315 746 6138 6884 (59.79)
Public Health 85 136 1792 1928 (16.74)
TOTAL 2011-2017 569 1187 10,327 11,514

Note: Courses with incomplete data are excluded (n = 43)
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Appendix 3. Principal component analysis (variables with a power = 0.99 are in bold)

Variable importance

. (Serbia 2011-2017) Variable group

Variable Number of components is 7
Variable number | Category value |  Power Importance

Type of education {international conference} 1 3 0.319052 15 1
Type of education {national courses} 1 2 0.270487 16
Type of education {national conference} 1 4 0.198262 19
Type of education {international courses} 1 1 0.067256 25
Field of education {public health} 2 3 0.017893 38
Field of education {clinical} 2 2 0.016812 39
Field of education {pre-clinical} 2 1 0.012881 41
e e I s loesas| n |
Organizational level of organizing institution {tertiary health care} 3 0.254120 17
Organizational level of organizing institution {primary health care} 1 0.115224 21
(C);gqak;i;:g}onal level of organizing institution {several levels 3 4 0.090667 24
(c);rgez;nizational level of organizing institution {secondary health 3 5 0.044299 29
Organizer of education {NGO} 4 6 0.948278 10 1
Organizer of education {health institute} 4 4 0.220569 18
Organizer of education {clinical center} 4 2 0.144493 20
Organizer of education {faculty or other educ. institution} 4 1 0.095727 22
Organizer of education {PHC} 4 5 0.064331 26
Organizer of education {other inst. of nat. interest} 4 7 0.042038 30
Organizer of education {gen. hospital / spec. hospital} 4 3 0.040430 31
Responsible educational institution {non-educational institution} 5 6 0.095597 23 1
Responsible educational institution {FM Belgrade} 5 1 0.036176 32
Responsible educational institution {FM Novi Sad} 5 2 0.026819 34
Responsible educational institution {FM Kragujevac} 5 3 0.020710 37
Responsible educational institution {other fac./educ. institution} 5 5 0.014485 40
Responsible educational institution {FM Nis} 5 4 0.009202 43
Status of course organizer {NGO} 6 4 0.949097 9 1
Status of course organizer {state inst.} 6 1 0.811897 11
Status of course organizer {private inst.} 6 3 0.029601 33
Status of course organizer {military inst.} 6 2 0.007268 44
Organization of course {In cooperation with others} 7 2 0.026309 35
Organization of course {one organizer} 7 1 0.026010 36
Organization of course {11} 7 1 0.000304 46
Place of organization {Central Serbia} 8 3 0.054656 27 1
Place of organization {Belgrade} 8 2 0.050961 28
Place of organization {Vojvodina} 8 1 0.010875 42
Number of domestic lecturers 9 0.999981 5 1
Number of international lecturers 10 0.999749 6 1
Credit points for lecturers 20 1.000000 3 1
Credit points for participants 21 0.991099 8 1
Duration of education (hours) 22 1.000000 1 1
Status of accreditation {reapplication} 23 2 0.625976 13 1
Status of accreditation {accepted with remark} 23 3 0.582916 14 1
Price per participant 24 1.000000 2 1
Hours per credit lecturer 30 1.000000 4 1
Hours per credit participant 31 0.991428 7 1
Number of variable groups included 16

NGO - non-governmental organization; PHC - primary health care; FM - faculty of medicine
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Appendix 4. List of variables provided

No. | Name of variable
1 | Type of education
2 | Field of education
3 | Organizational level of organizing institution
4 | Organizer of education
5 | Responsible educational institution
6 | Status of course organizer
7 | Organization of course
8 | Place of organization
9 | Number of domestic lecturers
10 | Number of international lecturers
11 | Type of participants
12 | Physicians
13 | Dentists
14 | Pharmacists
15 | Biochemists
16 | Nurses
17 | Technicians
18 | Others
19 | Number of participants
20 | Credit points for lecturers
21 | Credit points for participants
22 | Duration of education (hours)
23 | Status of accreditation
24 | Price A (per participant)
25 | PriceB
26 | Year
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CASE REPORT / MPUKA3 BOJIECHUKA

COVID-19 pneumonia complicated by late
presentation of bilateral spontaneous
pneumothorax, pneumomediastinum and
subcutaneous emphysema

Ivan Kuhajda'?, Svetlana Kasikovi¢-Leci¢'?, lvan Ergelasev'?, Danijela Kuhajda'?, Jelena Dokic!

'Institute for Pulmonary Diseases of Vojvodina, Sremska Kamenica, Serbia;
University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia

SUMMARY

Introduction Over the last few months the coronavirus disease 2019 (COVID-19) pandemic has cre-
ated overwhelming challenges for physicians around the world. While much has been described in the
literature about lung infiltrates and respiratory failure associated with infection of coronavirus 2 (SARS-
CoV-2), pneumothorax is reported as a rare (a rate of 1%) but a life-threatening complication of COVID-19
pneumonia. Late bilateral spontaneous pneumothorax has been described in few cases. The aim of the
report is to consider pneumothorax as a possible complication of COVID-19 pneumonia, which is also
one of the causes of respiratory deterioration and potentially fatal outcome in these patients.

Case outline This article describes the clinical course of the patient who tested positive for SARS-CoV-2 on
reverse-transcriptase polymerase chain reaction (RT-PCR) testing of nasopharyngeal and oropharyngeal
swab specimens and who presented with COVID-19 pneumonia complicated by bilateral, spontane-
ous pneumothorax, pneumomediastinum and subcutaneous emphysema. He had no underlying lung
disease nor risk factors for pneumothorax, except administered non-invasive ventilation/continuous
positive airway pressure during first hospitalization. The patient was successfully treated with surgical
(chest drainage, thoracoscopy and pleural abrasion) and non-surgical methods (by application of drugs
and other supportive therapies).

Conclusion This review demonstrates that the possibility of a late pneumothorax should be kept in mind
in patients with, or recovering from, COVID-19 disease with progressive dyspnea. The timely diagnosis

and management of pneumothorax will reduce COVID-19 associated mortality.

Keywords: COVID-19; complications; management

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has been recognized
as a worldwide pandemic [1]. COVID-19 is a
systemic infectious disease. This infection has a
broad spectrum of presentations that can range
from asymptomatic disease to fatal acute respi-
ratory distress syndrome (ARDS) with death
due to multi-organ failure [2].

Initial chest X-ray (CRX) may be normal but
patients may later develop radiological signs of
COVID-19 pneumonia. In critically ill patients
with marked respiratory symptoms, CRX can
be diagnostic for COVID-19 pneumonia. Some
patients with PCR confirmed COVID-19 infec-
tion had changes on initial computed tomogra-
phy (CT) and radiographs were false negative.
Therefore, these imaging methods can help
both in diagnosis and in the management of
COVID-19 patients [3, 4].

The important causes of sudden respiratory
deterioration associated with COVID-19 pneu-
monia are ARDS, pulmonary embolism and
pneumothorax. They need a prompt diagnosis
and intervention in order to reduce COVID-19

associated mortality [5, 6]. The aim of the re-
port is to consider pneumothorax as a possible
complication of COVID-19 pneumonia, which
is also one of the causes of respiratory deterio-
ration and potentially fatal outcome in these
patients.

CASE REPORT

We report a case of a 47-year-old white male
with no history of pulmonary disease, non-
smoker, weightlifter (BMI 30.7), who presented
with symptoms of muscle and joint pain, mal-
aise, and hemoptysis five days prior to hospi-
talization. On admission day, he developed a
fever up to 38°C (100.4°F) and dyspnea. CRX
revealed signs of bilateral pneumonia, O2 satu-
ration 94%, heart rate 80/minute, leucopenia
3.06 x 109 and C-reactive protein 65.7 mg/L.
Nasopharyngeal and oropharyngeal swab for
COVID-19 PCR testing were positive. On the
second day of hospitalization, he was trans-
ferred to Intensive care unit (ICU) due to re-
spiratory failure, where non-invasive ventila-
tion/continuous positive airway pressure was
administered. After detection of high levels of
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Figure 1. Chest computed tomography scan on admission; red ar-
rows show bilateral pneumothorax; blue arrow shows subcutaneous
emphysema

IL-6, tocilizumab was administered during the second
and third day of ICU treatment in doses of 8 mg/kg. Total
length of ICU treatment was 10 days. After stabilization
of respiratory function (arterial SO, 98% on 4/L min of
0,) COVID-19 PCR testing was repeated negative in two
samples. During the hospitalization he was treated with
dexamethasone 6 mg/24h for 10 days. Piperacillin/tazo-
bactam was discontinued on the 14th day. On the 20th
day of hospitalization, severe dyspnea was reported with
CRX showing signs of complete left sided pneumothorax.
Chest tube No. 22F was inserted and connected to water
seal and active suction of -20 cm H,O. After placement
of chest tube there were no signs of air leak, so the drain
was removed on the fifth day after placement, with fully
expanded lungs on CRX. He was discharged after 25 days
of hospitalization.

The day after he was discharged, the patient developed
signs of severe dyspnea. Chest CT showed complete bilat-
eral pneumothorax (Figure 1).

After admission to the thoracic surgery clinic, bilat-
eral chest drainage was performed with 22F chest tubes.
The chest tubes were connected to water seal and active
suction -20 cm H,O with severe bilateral air leakage and
hemorrhagic secretion up to 200 ml/24h in combination
with necrotic detritus. Initial CRX after drainage showed
complete lung expansion. Due to the prolonged air leak
on the right chest drain, control chest CT was performed
on day 11 of admission (Figure 2).

CT described a full expansion of the left lung, partial
right sided pneumothorax, subcutaneous emphysema,
mediastinal Maclin effect and signs of bilateral ground
glass opacity in regression. The left chest tube was clamped
for 24 hours on day 12 after no signs of air leak was pres-
ent for three days. Left sided chest tube was removed on
day 13. Right sided chest tube was connected to Medela
Thopaz pump -2kPa (Medela HQ., Baar, Switzerland) with
air loss measuring in range from 10-80 ml/min. On day
15, the air leak stopped, but CRX showed signs of complete
right sided pneumothorax. Inactive right sided chest tube,
blocked with necrotic detritus, was removed and drainage
was performed with chest tube No. 24F. Due to the pro-
longed and severe air leak after the drainage, accompanied

‘ DOI: https://doi.org/10.2298/SARH210219033K
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Figure 2. Chest computed tomography scan after bilateral chest tube
placement; black arrows show chest tubes; the blue arrow shows sub-
cutaneous emphysema; the red arrow demonstrates the Macklin effect

‘.U L  « TN
Figure 3. Video-assisted thoracoscopic surgery procedure; red arrows
show necrotic posteriors segments with bullae; the blue arrow shows
fibrin deposits on visceral pleura; the yellow arrow shows inflamed
parietal pleura

with the complete lung collapse on CRX, the patient was
operated in general anesthesia on day 15 of hospitalization.
Uniportal right sided video-assisted thoracoscopic surgery
was performed. During the operation signs of partial ne-
crosis of S2, S6, and S8-10 lung segments were detected,
with fibrin deposits on visceral pleura (Figure 3).

No obvious spots of air leak were detected. Complete
abrasion of parietal pleura was performed with placement
of two chest tubes No. 28F. Samples of parietal pleura were
sent to pathophysiology: acute purulent inflammation of
the pleura. On the first postoperative day there were no
signs of air leak. CRX showed fully expended lungs. On
the seventh postoperative day one chest tube was removed.
The following day the second chest tube was clumped for
24 hours. CRX showed signs of full lung re-expansion, so
the following day the last chest tube was removed. He was
discharged after 25 days of rehospitalization.

Three months after discharge control chest CT was per-
formed (Figure 4): No signs of pneumothorax and pneu-
momediastinum. Complete regression of ground-glass
opacification with few reticular intestinal lesions in regres-
sion. SARS-CoV-2 IgM and IgG antibodies were present.

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):343-347
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Figure 4. Control chest computed tomography scan three months
after discharge

Written consent to publish all shown material was ob-
tained from the patient.

DISCUSSION

Radiology frequently shows typical changes of COVID-19
pneumonia [4]. Chen et al. [7] first reported pneumo-
thorax as a rare radiologic feature in 1% of patients with
COVID-19. Late bilateral spontaneous pneumothorax
has not yet been widely reported in the literature [6, 8].
Patients can develop pneumothorax at different stages
of the COVID-19 disease course [9]. It is important to
consider the diagnosis of pneumothorax in COVID-19
patients, if there is a sudden increase in work of breathing,
decreased oxygen saturation, or the patient complains of
chest tightness. In case of sudden deterioration, urgent
CRX, ultrasound or computed topography scan should
be done, and expert help sought [6, 7, 8].

Like many other authors, we believe that the combina-
tion of severe inflammation and prolonged duration of
illness in COVID-19 patients contributed to the pulmo-
nary parenchymal injury (degenerative changes in the lung
parenchyma) in patients with the development of air leaks
leading to pneumothorax, and/or pneumomediastinum,
and subcutaneous emphysema [10, 11, 12]. The lungs of
patients with COVID-19 who have significant intersti-
tial involvement appear physiologically small, with low
compliance and reduced elasticity. This thickened, stiff
tissue makes it difficult for the lungs to work properly, and
sustained-pressure ventilation may be necessary to obtain
acceptable gas exchanges. In this setting, parenchyma is
prone to rupture, with consequent risk of pneumothorax
[10]. In some cases, progression to ARDS causes diffuse
alveolar damage and a pro-inflammatory cytokine storm,
which can induce alveolar rupture and the development a
new lesion - pneumatoceles and pneumothorax [13, 14].
Likewise, severe airway inflammatory damage from the
release of cytokines in COVID-19 can lead to weakening
of the bronchial walls [15].

The most common causes of pneumothorax in respi-
ratory infection have been associated with barotraumas
in mechanically ventilated patients or increased airway

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):343-347

pressure due to ARDS. Pneumothoraxes that developed in
patients with COVID-19 and ARDS have been attributed
to the same etiologies [5, 16]. Endotracheal intubation
and mechanical ventilation are known to cause iatrogenic
pneumomediastinum, subcutaneous emphysema, and
pneumothorax [5, 16]. Our patient did not have ARDS
based on criteria and was not intubated. He developed
both a severe pneumonia and unilateral pneumothorax,
and later in the course of the disease bilateral pneumotho-
rax, which may be a consequence not only of COVID-19
pneumonia, but also as a consequence of non-invasive
ventilation/continuous positive airway pressure applica-
tion. Although pneumothorax can be a complication of
positive airway pressure in patients with ARDS receiving
mechanical ventilation, most of the COVID-19 patients,
did not receive any form of ventilation pneumothorax [5].
The diffuse alveolar damage seen in both ventilated and
unventilated COVID-19 patients may cause development
of bullae and create predisposition for pneumothorax in
different stages of disease [5, 9, 17].

The pathogenesis of pneumomediastinum follows the
so-called “Macklin effect”. The Macklin effect seen on tho-
racic CT suggests that air leakage is caused by rupture of
the alveoli and rupture of the mediastinal pleural traces
along the broncho-vascular sheath to the mediastinum,
and then to the subcutaneous tissue and in the pleural
space. This is likely to happen in patients with COVID-19
due to cough, which is known to increase intra-alveolar
pressure [18].

The appearance of pneumothorax in patients with
COVID-19 pneumonia might be caused by underlying
pulmonary diseases. Patients with chronic obstructive pul-
monary disease and pulmonary emphysema are at higher
risk of pneumothorax when infected with SARS-CoV-2
[19]. Signs suggestive of potential comorbidities on CRX
might be obscured by signs of COVID-19 pneumonia [20].
However, in some cases, COVID-19 pneumonia changes
might be so widespread that features suggestive of comor-
bidities are obscured.

It was found that pneumothorax can occur in pa-
tients with COVID-19 pneumonia without preexisting
lung disease [12]. Our patient did not have a history of
pneumothorax, underlying pulmonary disease and had
no history of smoking. Therefore, it is our opinion that
the development of these pneumothoraxes are results of
advanced alveolar damage, bronchiolar distortion lead-
ing to pulmonary bullae formation and tissue necrosis,
predominantly of posterior lung segments. Moreover, the
severe cough associated with viral infections increases the
intrapulmonary pressure. This may precipitate bullae rup-
ture and pneumothorax formation [18].

When pneumothorax occurs in COVID-19 patients,
chest drainage represents first-line of treatment [21].
Managing pneumothorax in these patients is crucial to
prevent the development of life-threatening tension pneu-
mothoraxes. We note that the initial treatment of unilat-
eral pneumothorax with a tube thoracostomy provided a
satisfactory but temporary outcome, most likely due to
massive pulmonary changes in our patient. It is our belief
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that the final outcome of pneumothorax in patients with
COVID-19 pneumonia depends on the severity (and pro-
gression) of lung disease, and therefore prompt surgical
treatment of pneumothorax in these patients provides ap-
propriate outcomes. The patient was treated with steroid
therapy based on institutional policy for severe disease.
Therefore, we believe that the use of drugs and other sup-
portive therapies has also contributed to a favorable treat-
ment outcome. After chest tube placement, a wait-and-see
strategy was preferred over the aggressive pleurectomy or
pleural abrasion because of doubts about the effectiveness
of the procedure. However, in case of persistent or repeat-
ing pneumothorax, thoracoscopy and pleurectomy/pleural
abrasion or even apical blebs resection (when present)
can be feasible options to reduce air leakage and improve
ventilation [21, 22]. The ideal timing of minimally invasive
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treatment (video-assisted thoracoscopic surgery) is un-
clear. Even in cases of repeated and persistent pneumotho-
rax in patient with COVID-19 pneumonia, we recommend
delaying thoracoscopic operative management in the light
of uncertain course of the disease and potential progres-
sion of lung tissue damage. While operative management
in this patient had a good outcome, it seems that prolonged
management with chest tubes is needed for resolution of
air leaks from injured and fibrotic pulmonary parenchyma.

The worsening status of patients infected with SARS-
CoV-2 should not always be attributed to disease progres-
sion, but also pneumothorax. Early diagnosis and timely
treatment of this complication can improve the therapeutic
effect and reduce mortality [23].
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COVID-19 pneumonia complicated by late presentation of bilateral spontaneous pneumothorax, pneumomediastinum and subcutaneous emphysema

Ynana nayha usassaHa 6onewhy COVID-19 Koja je KOMNIMKOBAHA KaCHOM
nojaBom 060CTPAHOr CNOHTAHOT MHEYMOTOPAKCa, THEYMOMEMACTUHYMA U

NOTKOXHOTr empusema

WBaH Kyxajpa'? CeetnaHa Kawmkosuh-Jleunh'2, eaH Eprenawes'?, laHujena Kyxajpa'? JeneHa Hokuh'

MHcTuTyT 33 nnyhHe 6onectn Bojeogute, Cpemcka Kamernua, Cpbuja;
*YHnnsepautet y Hosom Cagy, MeguumHckm dakyntet, Hosu Cag, Cpbuja

CAXETAK

YBopg ToKOM Mocneamrix HEKONMKO MeceLm naHaemmja 6one-
CTN n3a3BaHe BMpPYcom KopoHa 2019 (COVID-19) ctBopuna je
Be/viKe 13a30Be 3a leKape W1pom cBeTa. ako je y nutepatypu
MHOFO M1caHo o NyRHUM MHOUATPATUMA 1 PECNIMPATOPHO] UH-
cyburumjeHLmju Koju cy Y Be3u ca MHOEKLMjOM BUPYCOM KOPOHa
2 (SARS-CoV-2), nTHeyMOTOPaKC je MpujaB/beH Kao peTka (cTo-
Ma of jefHOT NPOLeHTa) anw Mo »KMBOT ONacHa KoMMNanKauuja
6onectn COVID-19. KacHa nojaBa o60cTpaHOr NHeyMoTopakca
OMucaHa je y camo HeKOJIMKO CiyyajeBa.

Linsb nprKkasa je fa ce pa3moTpy MHEYMOTOPAKC Kao moryha
Komnnvkauwja ynane ninyha nsassaHe 6onewwhy COVID-19, koju
je 1 jepaH of y3poKka pecnmpaTopHOr noropiuaka 1 moryher
CMPTHOT NCXOfa Ko, OBUX 60necHUKa.

Mpuka3 6onecHnKa YnaHak onucyje KNMHWYKM TOK 6onec-
HVKa unju je 6puc HazopapuHKca 1 opodpapuHKca MCNUTUBAH
meTofoM RT-PCR 6vo no3nTuBaH Ha SARS-CoV-2. OH je pa3Buo
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ynany nnyha n3assaHy 6onewhy COVID-19 Koja je KomnauKo-
BaHa 060CTPaHUM, CMOHTaHUM NMHEYMOTOPAKCOM, MHEyMoMe-
AVACTHYMOM U NMOTKOXHVM eMdu3emoM. bonecHUK Huje umao
paHujy 6onect nnyha HATK GpaKTope pu3iKa 3a MHeYyMOTOPaKC,
OCMM MPYIMEHE HEMHBA3NBHE BEHTUaLIMje/KOHTYHYPaHOT
MO3WUTUBHOT MPUTKCKA Y ANCajHNM NyTEBMMA TOKOM NPBe XOC-
nuTanu3auyje. YCNeLwHo je n3neyeH XMpypLiKnm (4peHaxom
TPYAHOT KOLLIA 1 TOPaKoCKoNcKoM abpaswjom nnyhHe Mmapamu-
Lie) M HeXMPYPLUKMM MeTofjama (MPUMeHOM JIeKoBa 1 [pyrux
CynopTUBHUX Mepa).

3aksbyyak OBaj cilyyaj nokasyje fa Tpeba nmat Ha ymy moryh-
HOCT MHeyMoTopakca Ko 6onecHuKa ca 6onewhy COVID-19 n
OHVX y $pa3un onopaska of 601ecTu a Koju NMajy NPorpecuBHy
avcnHejy. NpaBoBpemeHa AnjarHoCTVKa 1 fleYere NMHeyMoTo-
paKkca Mmoxe Aia fONPUHECe CMatbetby MopTanuTeTa Koju je 'y
Be3u ca 6onewhy COVID-19.

KmyuHe peun: COVID-19; komnavkauuje; neyerbe
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Spontaneous coronary artery dissection as a cause
of acute myocardial infarction with ST elevation
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'University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia;
ZInstitute of Cardiovascular Diseases of Vojvodina, Clinic of Cardiology, Sremska Kamenica, Serbia

SUMMARY

Introduction Spontaneous coronary artery dissection (SCAD) is defined as a dissection that has not
occurred with atherosclerosis, trauma, or has not developed iatrogenically.

Case outline A 53-year-old man was admitted to the hospital due to chest pain and ischemic electro-
cardiographical changes. Coronarography was performed and 85% of the stenosis of the first diagonal
branch (D1) was registered. During percutaneous coronary intervention (PCl), one drug-eluting was
directly implanted into the D1. About three hours after the intervention, the patient developed an acute
myocardial infarction with ST elevation (STEMI) and recoronarography was performed. The previously
implanted stent in D1 was patent without thrombi. The subocclusive stenosis of the left anterior descend-
ing artery (LAD) was registered and PCl was performed. After implantation of the stents into the LAD,
propagation of dissection towards left circumflex artery (LCx) was creating significant stenosis. Following
the registration of the stenosis, PCl was performed on this branch. In order to determine the cause of
acute STEMI, intravascular imaging was performed, seven days after last PCI. Optical coherence tomog-
raphy showed an excellent stent apposition and expansion. In the area under the stents, in the proximal
segment of LAD and LCx, showed duplication in the blood vessel wall. This duplication represents an
unresorbed intramural hematoma as a consequence of SCAD.

Conclusion When performing coronarography on younger patients, on women in the peripartum and
on patients with connective tissue, SCAD disorders should be kept in mind. The use of intravascular
imaging could reduce the number of unrecognized SCAD.

Keywords: spontaneous coronary artery dissection; acute myocardial infarction with ST elevation; opti-
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INTRODUCTION

Spontaneous coronary artery dissection (SCAD)
represents a dissection that occurred without
atherosclerosis, trauma or has not developed
iatrogenically. There are two theories which de-
scribe how SCAD develops [1, 2]. According to
the first theory, endothelial injury is accompa-
nied by consequent penetration of blood, into
the blood vessel wall [1]. According to the sec-
ond theory, the primary event is the spontaneous
bleeding from the vasa vasorum into the blood
vessel wall [2]. SCAD causes 1-4% of all acute
coronary events [3]. However, the true incidence
and prevalence of SCAD are unknown, because
they are often unrecognized. SCAD most com-
monly occurs in patients who do not have tra-
ditional risk factors for cardiovascular diseases
[4]. The association with female sex, pregnancy,
and oral contraceptives has been described [4,
5]. Systemic arteriopathies are also a predispos-
ing factor and SCAD is most commonly associ-
ated with fibromuscular dysplasia. The trigger
for the development of SCAD can be intense
physical and emotional stress. The first step
in the diagnostic algorithm is coronarography,
which should be carefully performed to avoid
the extension of dissection. In uncertain cases,
intracoronary imaging may be helpful.

We present a case of a patient who devel-
oped acute myocardial infarction as a conse-
quence of spontaneous dissection of the left
anterior descending (LAD) branch of the left
coronary artery.

CASE REPORT

A 53-year-old man was admitted to the
emergency department due to chest pain
and ischemic electrocardiographical (ECG)
changes. Cardiovascular risk factors (smok-
ing and obesity) were present, while physical
examination did not show any irregularities.
Electrocardiogram showed negative T wave in
DI, aVL and V5-V6. High-sensitivity troponin
was within the reference values. Transthoracic
echocardiography initially and after trans-
pulmonary contrast agent administration
(Optison; GE Healthcare, Chicago, IL, USA)
showed reduced systolic function with regional
wall motion abnormalities (medio-apical seg-
ments of antero-lateral wall). Dual antiplatelet
therapy per protocol for acute coronary syn-
drome was administered. Coronarography
was performed and 85% stenosis of the first
diagonal branch (D1) was registered (Figure
1A), while other coronary arteries were without
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Figure 1. A: Significant stenosis of the first diagonal branch; B: the an-
giographic result after stent implantation on the first diagonal branch;
C: the angiographic result after stent implantation on the first diagonal
branch

Figure 2. A: There is no significant stenosis on the right coronary ar-
tery; B: there is no significant stenosis on the left circumflex coronary
artery

significant stenosis (Figures 2A and 2B). During percuta-
neous coronary intervention (PCI), one drug-eluting stent
of 15 x 3.5 mm (XienceXpedition; Abbott Laboratories,
Chicago, IL, USA) was directly implanted into the D1
(Figures 1B and 1C). About three hours after the inter-
vention, the patient developed chest pain. On electro-
cardiogram, ST segment elevation V1-V5 was registered
(Figure 3). Because the patient had cardiac decompen-
sation, he was sedated, endotracheally intubated, and in-
vasively mechanically ventilated. Due to suspected acute
stent thrombosis, urgent recoronarography was performed,
which showed patent previously implanted stent in D1,
without thrombi (Figure 4A). However, a subocclusive
stenosis was registered in the medial segment of the LAD,
approximately 3.5 cm distal to the origin of the first diago-
nal branch (Figure 4A). During the PCI, two drug-eluting
28 x 3 mm and 28 x 3.5 mm stents (Synergy, Boston, MA,
USA) were implanted, with the overlap technique, in the
LAD, with optimal angiographic result (Figure 4B). After
implantation of the stents into the LAD, significant ste-
nosis of the circumflex branch of the left coronary artery
(LCx) was registered (Figure 4B). This stenosis had not
appeared during the previous coronarography and was
not due to spasm. Drug-eluting 15 x 3 mm stent (Resolute;
Medstronic, Dublin, Ireland) was implanted into the proxi-
mal segment of the LCx, with the optimal result (Figure
4C). In order to determine the cause of acute STEMI,
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Figure 4. A: Angiography of the left coronary artery showing suboc-
clusive stenosis in the medial segment of the left anterior descending
artery (LAD); previously implanted stent in D1 was without thrombosis;
B: after implantation of the stents into the left anterior descending
artery, significant stenosis of the left circumflex artery was registered;
C: the optimal result after percutaneous coronary intervention on the
left circumflex artery (LCx)

Figure 5. A: After seven days, optimal result in the area of implanted
stents in D1 and left anterior descending artery (LAD); B: after seven
days, optimal result in the area of implanted stents in D1, the left an-
terior descending artery, and the left circumflex artery (LCx)

intravascular imaging was performed, seven days after
the previous PCI. Optimal result in the area of implanted
stents in LAD and LCx were registered on coronarography
(Figure 5). Optical coherence tomography (OCT) showed
an excellent stent apposition and expansion, but also the
duplication in the blood vessel wall in the area below the
implanted stents, in proximal LAD and LCx. This duplica-
tion represents an unresorbed intramural hematoma as a
consequence of SCAD (Figure 6). Since the cause of acute
myocardial infarction was SCAD, the patient was switched
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Figure 6. Optical coherence tomography under the stents in the proximal segment of the left anterior descending artery and the left circumflex
artery reveals a duplication in the vessel wall; this duplication represents unresorbed intramural hematoma as a consequence of spontaneous

coronary artery dissection

SCAD Classification

Z

Atherosclerotic
type lesion

Radiolucent
dissection flap

Abrupt change
in calibre

Type 1

Type 2

Type 3

Figure 7. Angiographic spontaneous coronary artery dissection clas-
sification system

to clopidogrel, according to recommendations [6]. After
six months, exercise stress testing on treadmill (Bruce
protocol) was performed. The patient achieved maximal
effort (up to 10 METs), without clinical and ECG signs of
coronary flow reduction.

Written consent to publish all shown material was ob-
tained from the patient.

DISCUSSION

There are three types of SCAD (Figure 7) [7]. Type 3 is
the rarest angiographic manifestation of SCAD, occurring
in 3.4% of patients, while the most common is type 2, in
about 67.5% of patients [3]. In uncertain cases, intravascu-
lar imaging may be helpful. Despite the great importance of
intracoronary imaging, caution is needed because of pos-
sibility for extension of coronary dissection by using a wire
or diagnostic catheter. Seven days after the first coronary
event we performed OCT. In the area below the implanted
stents in the proximal LAD and LCx, we recognized du-
plications in the blood vessel wall corresponding to the
unresorbed hematoma as a result of SCAD. The lesion in

D1 was not recognized as a SCAD type 3. The stent was
implanted into the proximal part of D1 and thus prevented
the spread of the intramural hematoma further into the
diagonal branch. Intramural hematoma propagated in the
LAD distal to the first diagonal branch. After the first stent
was implanted into the medial part and then the second
one into the proximal part of the LAD, intramural hema-
toma was pushed proximally to the ostium of LCx.

A Spanish multicenter prospective SCAD registry, in-
cluding 318 patients with SCAD, showed that the artery
most frequently involved was the LAD (44%), predomi-
nantly affecting the distal segments (39%) and its branches
(54%) [8]. In our case, the LAD was also affected by SCAD.

Patients with SCAD were divided into four groups. The
first group consisted of patients with hereditary connective
tissue disorders associated with arterial wall defect (Marfan
syndrome) [9]. The second group represented patients with
underlying atherosclerosis, especially men at an average
of 55 years [9]. The third group included women in the
peripartum period, while the last group consisted of pa-
tients with idiopathic SCAD [10, 11]. According to this
classification, our patient can be classified into the second
group - he is a male, 53 years old, obese, and smoker. It is
also important to emphasize that SCAD can be associated
with exposure to physical effort, chest trauma, and certain
drugs (cocaine, cyclosporine, 5-fluorouracil, and oral con-
traceptives) [11]. Our patient on the day of the hospital
admission was exposed to hard physical effort. Treatment
of SCAD includes medical treatment, PCI, and surgical
myocardial revascularization. Considering the high risk
of complications during PCI, conservative treatment is
favored. Also, because of the spontaneous healing of SCAD
and the resorption of intramural hematoma in about 70-
97% of patients, conservative treatment is advised [12]. A
Canadian SCAD cohort study was a multicentric, prospec-
tive, observational study of patients with non-atheroscle-
rotic SCAD from 22 centers in North America [13]. The
majority of these patients (84.3%), who were being treated
conservatively, had good survival rate. However, patients
with ongoing ischemia and hemodynamic instability are
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to be treated with PCI. In our case, acute STEMI com-
plicated with progredient heart failure indicated primary
PCI, which was performed with optimal angiographic re-
sults. Data from the literature states that successful PCI is
associated with (1) implantation of long stents covering
the 5-10 mm proximal and distal edge of the intramural
hematoma, (2) direct stent implantation without prior
balloon predilatation, (3) balloon dilatation without stent
implantation, (4) fenestration of the intramural hematoma
by cutting the balloon and decompression of the false lu-
men, (5) multistent approach by firstly sealing distal and
proximal ends with stents, before stenting the middle, and
(6) use of bioresorbable stents [14, 15, 16]. Balloon dilation
with low-pressure (up to 4 atm) inflations should be used
to decrease the risk of perforation [17]. Coronary artery
bypass grafting has been described as a treatment strategy
for SCAD in patients with left main stenosis and also after
technical failure of attempted PCI. According to experts,
the basis of medical therapy are acetylsalicylic acid and
beta-blockers. Administration of the P2Y12 inhibitors is
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controversial for patients not treated with PCI. In patients
treated with PCI, dual antiplatelet therapy with clopido-
grel is recommended [18]. After OCT analysis, which con-
firmed the SCAD of the LAD, our patient was switched
to clopidogrel. Intrahospital survival of these patients is
good; however, recurrent spontaneous coronary artery dis-
sections are common. During the follow-up period, our
patient was without symptoms of angina. After six months,
exercise stress testing on treadmill (Bruce protocol) was
performed and the patient achieved maximal effort (up to
10 METs), without clinical and ECG signs of coronary flow
reduction. When performing coronarography on younger
patients, women in the peripartum and patients with con-
nective tissue disorders, SCAD should be kept on mind,
especially if the angiographic finding indicates a possible
type 2 or 3 spontaneous dissection. In the future, intravas-
cular imaging could reduce the number of unrecognized
and inadequately treated SCAD.
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CnoHTaHa AuceKuMja KOPOHaPHE apTepuje Kao Y3pOoK akyTHOT MHPAPKTa MUOKapaa

ca ST eneBauujom

Bnagumup MBaHoBuh'?, [paraHa Ja6osuh? MunosaH Metposuh'?, Urop MBaHoB'?, Mapuja bjenobpk'2

'YHusep3utet y HoBom Capy, MegnumHcku dakyntet, Hosu Cag, Cpbuja;
2/HCTUTYT 3a KaparoBacKynapHe 6onectn BojeoaynHe, KnHuka 3a Kapguonorujy, Cpemcka Kamenuua, Cpbuja

CAMETAK

YBog CrioHTaHa gucekumja KopoHapHe apTepuje (COKA) nedu-
HMCaHa je Kao AuceKLmja Koja Huje MoBe3aHa ca aTepocKiepo-
30M, TPayMOM, HUTY je HacTana jaTporeHo.

Mpukas 6onecHnka MyluKapal, CTapocTu 53 roguHe je npu-
MJbeH y 6onHuLy 360r 60/10Ba y rpyaMMa 1 eNeKTpoKapamno-
rpadCcKy PermcTpoBaHKX MCXEMUJCKMX MpoMeHa. YpaheHa je
KopoHaporpaduja 1 HaheHo je 85% cyxerbe NpBe AujaroHanHe
rpaHe. Y NCTOM aKTy je ypaheHa nepKyTaHa KOpOHapHa NHTep-
BEeHLWja, ca MPEKTHOM MMMaHTaLMjoM IEKOM 06I0XKeHOor
CTeHTa y NpBY AujaroHanHy rpaHy. Oko Tpu caTta nocne nHTep-
BeHLMje Kof 6onecHyIKa ce pa3Buno akyTHY MHOAPKT MMOKapaa
ca ST eneBauujom 1 ypaheHa je kopoHaporpaduja. MpeTxogHo
VMMIaHTUPaHU CTEHT Y NPBOj AWjaroHanHoj rpaHu 6o je 6e3
Tpombo3e. HaheHa je cybokny3uBHa cTeHO3a NeBe Npeftbe cu-
nasHe apTepuje Te je ypaheHa nepKyTaHa KOPOHapHa NHTep-
BeHUWja. Mocne nMnnaHTaumje CTeHTa y IeBy NPeAy cunasHy
apTepujy PerucToBaHo je CyXketbe Ha N1eBoj LMPKyMQIeKCHOj

DOI: https://doi.org/10.2298/SARH200519035I

apTepuju Kao nocsieamLa nponarayyje gucekuuje. YpaheHa je
nepKyTaHa KOpPOHapHa MHTEPBEHLMja U Ha OBOj rpaHu. Mocne
cepam daHa, y umby geduHncama y3poka akyTHOT MHpapK-
Ta M1oKappa ca ST eneBauujom, ypaheH je MHTpaBacKynapHu
UMnLMHE. ONTUYKa KoxepeHTHa Tomorpaduja nokasana je oa-
NINYHY ano3ununjy 1 eKCnaH3unjy CTeHToBa. Y nogpyyjy Ucrnog
CTEHTOBA Y MPOKCUMAITHOj IEBOj MPEeAH0j CUIAa3HOj apTepuju 1
NeBOj LMPKyMNeKCHOj apTepujyi perncTpyje ce Aynnukatypay
3uay KpBHor cyfa. OBa aynnukatypa npefcrasba Hepecopbo-
BaHV MHTpaMypaHu xeMaTtom Kao nocnegmuy COKA.
3akmyuak Kaga ce nssogum kopoHaporpaduja, Kog Mnagmx
JbyAV, XeHa Y nepunapTanHom nepropy 1 6onecHuKa ca 6o-
NecTMa Be3UBHOT TKMBa Tpeba mucnntn Ha CAKA. Y3 nHTpa-
BaCKyNnapHU UMULIMHT, Tpeba HacTojaTuh Aa ce cMaru 6poj He-
npeno3Hatux CAKA.

KrbyuHe peum: cnoHTaHa Anckelmja KOpOHapHe apTepuje;
aKyTHW HPaPKT MoKapaa ca ST eneBaLnjoM; ONTUYKA KOXe-
peHTHa Tomorpaduja
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SUMMARY

Introduction Benign tumors of the liver are rare. Liver angiomyolipoma is a rare benign mesenchymal
tumor that usually occurs in adult female patients. There are four types of hepatic angiomyolipoma: ()
hybrid; (I) myoma type; (lll) lipoma type; and (IV) hemangioma type.

Case outline We present a 44-year-old female without symptoms, admitted to the Department of Surgery
due to the lesion of the third segment of the liver, measuring 35 X 30 x 15 mm. Tumor was totally excised,
and the margins of resection were clean. The differential diagnosis based on radiological findings might
be difficult. There are many liver disorders with fatty components, both benign and malignant, e.g.,
hepatic steatosis, adenoma, lipoma, hepatocellular carcinoma or liposarcoma.

Conclusion Its prognosis is good and the recommended treatment is surgical resection.

Keywords: angiomyolipoma; hepatic tumor; surgery

INTRODUCTION

Benign tumors of the liver are rare with the
exception of cavernous hemangioma [1]. Liver
angiomyolipoma is a rare benign mesenchymal
tumor that usually presents in adult female pa-
tients; nonetheless, several cases have also been
reported among males [2, 3]. Angiomyolipoma
most frequently occur in the kidney, with the
liver being the second most common site of
involvement [3, 4].

CASE OUTLINE

A 44-year-old symptomless female was admit-
ted to the Department of Surgery in order to
have a lesion resection of the third segment of
the liver. The patient suffered from posterior
mitral valve prolapse with mild regurgitation
(no medications) and underwent bilateral knee
arthroscopy. Her grandmother has a liver tu-
mor of unknown origin. Ultrasound abdominal
examination revealed the liver lesion. Magnetic
resonance imaging (MRI) showed the sharply
contoured lesion of 30 mm (transverse) x 20
mm (anteroposterior) X 10 mm (craniocaudal),
located in dorsal part of the third hepatic seg-
ment. The tumor manifested a slight T2 signal
hyperintensity and fat-containing component,
which quenched in the MRI p-phase. After ad-
ministration of contrast agent, it was demon-
strated that the lesion was heterogenous with
enhancing linear partitions inside. In the hep-
atotropic phase the lesion was not enhanced.

The MRI report was ambiguous, and the lesion
might be: adenoma, lipoma, hepatocellular car-
cinoma or angiomyolipoma. The retroperito-
neal lymph nodes were within normal limits.
The biochemical tests, the tests for hepatic
viruses and tumor markers were determined.
No active liver disease nor impairment of the
synthesizing function of the hepatocytes was
revealed. The presence of anti-HBC total was
confirmed in repeated tests. However, the other
markers of hepatitis B infection were negative.
The tumor markers were within normal limits:
CA19-9 - 13.73 U/ml and CEA - 0.70 ng/ml.
Due to inconclusive additional tests the patient
was qualified for laparotomy with surgical re-
section of the lesion. Intraoperatively the soft
tumor of the third hepatic segment measuring
35x30x15 mm was confirmed. Tumor was ex-
cised totally, and the margins of resection were
clean (RO resection). The intraoperative ultra-
sound did not show any other lesions within
the liver (Figure 1 and 2). The postoperative
course was uneventful. A drain from the sub-
hepatic area was removed on the second post-
operative day. The patient has been regularly
followed up in the out-patient department.
Gross examination showed solid hepatic
tumor. The tumor was gray-yellowish on
cut surface. It did not have a capsule but it
was well demarcated from liver parenchyma.
Histologically, tumor was composed of large,
epithelioid smooth muscle cells intermixed
with few dispersed mature adipocytes. Smooth
muscle cells had epithelioid morphology and
abundant, clear to eosinophilic cytoplasm.
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Figure 1. The intraoperative ultrasound view of liver
angiomyolipoma mm

Many blood vessels were also observed, some of them
were thick walled. No necrosis, cellular atypia or mitot-
ic figures were noticed. Smooth muscle cells presented
characteristic co-expression of muscle markers (smooth
muscle actin and focally Desmin) and melanocytic marker
HMB45. Histological and immunohistochemical features
were consistent with diagnosis of hepatic angiomyolipoma
(Figures 3 and 4).

The study was approved by the Commission of Bioethics
at Military Medical Chamber in Warsaw (no 173/20), and
written informed consent in Polish was obtained from the
patient for the publication of this paper.

DISCUSSION

Primary hepatic angiomyolipoma is a rare tumor. The first
case was reported by Ishak [5] in 1976. Hepatic angiomyo-
lipoma can be divided into ten groups based on the tissue
components and type of dominant tissue:

(I) hybrid: typical and most common, contains similar
proportions of each tissue components within the
tumor;

(II) myomatous: smooth muscle cells are the dominant

tissue type within the tumor;

(IIT) lipomatous: adipose tissue is the dominant tissue

type;

(IV) angiomatous: vascular tissue is the dominant type;

(V) angiomyomatous;

(VI) myoangiomatous;

(VII) myolipomatous;

(VIII) lipomyomatous;

(IX) lipoangiomatous;

(X) angiolipomatous [6].

The origin of the liver angiomyolipoma is not clearly
defined. Angiomyolipoma is associated with tuberous scle-
rosis in some cases [7]. The differential diagnosis based on
radiological findings might be difficult. There are many
liver disorders with fatty components, both benign and
malignant, e.g., hepatic steatosis, adenoma, lipoma, hepa-
tocellular carcinoma or liposarcoma. Those lesions might

‘ DOI: https://doi.org/10.2298/SARH2006 160365

Figure 2. The intraoperative view of the lesion: the ocher tumor measuring 35x30x15

i W S e S *
Figure 3. Hepatic angiomyolipoma; the tumor is well demarcated
from liver parenchyma (L) and is composed of admixture of epitheli-
oid smooth muscle cells (thin black arrow), mature adipocytes (thick

black arrow) and blood vessels (white arrow) (hematoxylin and eosin
stain, magnification 400x)

Figure 4. Positive cytoplasmic HVIB45 staining of smooth muscle cells
(magnification 400x)
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Liver angiomyolipoma

be shown in ultrasound or computed tomography scan, but
the MRI is the most sensitive tool [8]. Angiomyolipoma
usually occurs as solitary tumor however, some multiple le-
sions have been described in literature [9]. In the presented
case the diagnostics was extended to abdominal MRI with
contrast, which allow to qualify whether the patient is for
surgery. In MRI with contrast, angiomyolipoma tumors
might be enhanced depending on the ratio of their fatty
to vascular components. The complete lack of contrast
enhancement may suggest liver lipoma [9].

Despite the fact that it is a benign neoplasm, malignant
features such as infiltration of surrounding tissues, relapse
after resection or distant metastases have sometimes been
observed. The main predictor of malignancy is not so
much the tumor size as its growth rate and the presence
of atypical cells [10]. This rare, but non-negligible, po-
tential for malignancy makes hepatic angiomyolipoma an
even greater clinical problem. It is considered, that surgical
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AHrvomuonunom jerpe

management is suggested to patients with the following
criteria: tumor size greater than 5 cm, with clinical symp-
toms, faster tumor growth, the tumor located at the first,
fourth, fifth or eighth segment of the liver [11]. In case of a
decision on conservative treatment, it is necessary to regu-
larly monitor patients in order to observe the dynamics of
the growth of the lesion and early detection of symptoms.
However, sometimes large tumors may rupture and bleed.
This causes the patient to develop acute abdominal symp-
toms and urgent surgery is required [12].

In conclusion, liver angiomyolipoma is a rare benign
tumor, usually asymptomatic, and detected during routine
radiological tests. The differential diagnosis with other he-
patic tumors by means of radiological tests is very difficult
and sometimes impossible. Its prognosis is good and the
recommended treatment is surgical resection.
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CAXETAK

YBop beHnrHm Tymopu jetpe cy petkul. AHTMOMUOANMOM jeTpe
je pefak 6eHNIrHN Me3eHXMMCKI TYMOP Koju ce 061YHO jaBrba
Kop ofpacnux bonecHrka. lMoctoje YeTnpm BpCTe aHrMOMU-
onunoma jetpe: (1) xnbpugnw; (Il) Tun mroma; (Ill) Tun nunoma
n (IV) Tun xemaHruoma.

Mpukas 6onecHuKa Mpeacrasbamo xeHy of 44 roguHe, 6e3
CMMMNTOMa, KOja je MpUMIbeHa Ha ofierberse XMpypruje 36or ne-
3uje Tpeher cermeHTa jeTpe, ArMeH3uja 35 X 30 X 15 munrmerta-
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pa. Tymop je y NOTNYHOCTU YKJIOHEH, @ MaprMHe pecekuuje cy
6une uncte. JudepeHupjanHa gujarHosa 3acHoBaHa Ha paau-
OJIOLIKMM Hanasnma Moxe 6uty Tewwka. Moctoje MHOMM nope-
Mehaju jeTpe ca MacCHUM KOMMOHEHTaMa, 1 GEHVUTHU 1 MasnTHY,
HMP. XenaTnyKa cTeaTto3a, afeHoM, IMMOMa, XxenaToLenynapHm
KapLMHOM UK ANNOCaPKOM.

3aksbyuak [lporHo3a je fo6pa, a NnpenopyyeHn TpeTMaH je
XMpYpLLKa peceKkuyja.

KrbyuHe peuu: aHrMomMmonmnoma; TyMop jeTpe; Xxupypruja
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SUMMARY

Introduction Extra-pancreatic complications of acute and chronic pancreatitis that do not relate to vital organs
are rare. The most common include subcutaneous paniculitis, arthritis, bone marrow fat necrosis, and vasculitis.
These associated conditions have been termed pancreatic disease syndrome (PDS), which can occur not only
with pancreatitis but also in other pancreatic diseases. PDS is believed to be caused by circulating pancreatic
enzymes, which can occur when the pancreas is in direct communication with the circulation. Pancreatic
pseudocyst erosion into the superior mesenteric and portal veins is extremely rare; and there have only been
22 previously reported cases in literature. The authors endeavoured to describe a manifestation of PDS with
formation of a pseudocystic-portal fistula, its complications, and propose adequate surgical management.
Case outline We present a 37-year-old man with chronic alcoholic pancreatitis and a pancreatic pseudocyst
within the head of the pancreas which communicated with the main pancreatic duct on one side and eroded
into the superior mesenteric and portal veins on the other, causing erythema nodosum-like vasculitis, and
polyarthritis. The patient was initially treated conservatively, but subsequently required multiple arthrotomies
and finally underwent pylorus preserving duodenopancreatectomy and direct repair of the affected veins.
Conclusion The majority of cases required aggressive surgical intervention due to heightened risk of
hemorrhage. In patients who develop disseminated fat necrosis, an earlier surgical intervention can be
justified. The authors would recommend that, where practical, a pylorus-preserving pancreaticoduode-
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nectomy should be performed.

Keywords: pancreas; pseudocyst-portal vein fistula; pancreatic disease syndrome

INTRODUCTION

Pancreatic pseudocysts often follow acute pan-
creatitis, and though they can resolve spontane-
ously, they can also be associated with potential
complications. These include bleeding [1, 2],
ruptures into the abdominal cavity [3], splenic
vein obstruction [4], portal vein thrombosis
[5, 6], and the formation of fistulae into the
surrounding organs [6, 7, 8] and the inferior
vena cava [9]. Erosion of a pancreatic pseudo-
cyst into the portal vein to create a pancreas
duct - portal vein fistula (PPF), however, is
extremely rare, with only 22 other previously
reported cases [5, 6, 10-28].

CASE REPORT

A 37-year-old man, with a 15-year history of al-
coholism, presented with worsening epigastric
pain requiring admission to a peripheral hospital.
On examination he was found to have a tender

upper abdomen and had a hematest-positive
melaena stool. Apart from a moderate leucocy-
tosis, other laboratory tests were within normal
limits. An upper endoscopy revealed a hiatus
hernia and Helicobacter pylori gastropathy. An
ultrasound (US) scan defined a 5 x 4.5 cm hy-
poechogenic lesion within the uncinate process
of the pancreas, which on computed tomography
(CT) scan appeared to be inhomogeneous with a
2 cm central hypodense area. A US-guided fine
needle aspiration of the lesion produced a dark
green-rusty dense fluid, with a high pancreatic
enzyme content. Though anti-Helicobacter pylori
treatment gave only mild relief of his symptoms,
he refused operative drainage of the pancreatic
pseudocyst, taking his own hospital discharge.
Two weeks later he was admitted to a second
hospital with worsening abdominal pain, and
four days later developed erythema nodosum-
like cutaneous lesions on the front and sides of
both his lower legs. Within two weeks, he had
developed a moderate fever, raised serum and
urine amylase, generalized arthralgia, restricted



Pseudocyst-portal vein fistula

Figure 1. Computed tomography showing contrast within the central
area of the cyst - C;
SV - splenic vein; SMA - superior mesenteric artery

active and passive joint motion, and swelling of all the
major joints.

He was transferred to our institution because of a clinical
deterioration, and on admission was found to be pale and
lethargic, with generalized arthralgia, large joint effusions,
and abdominal pain. His fibrinogen was 10.4 g/L, white
blood cell count 25 x 10°/L, and erythrocyte sedimentation
rate 110/1h. The cyst within the head of the pancreas had
recollected on repeat CT, and now demonstrated a central
contrast-enhancing area (Figure 1). He passed further me-
laena stool after admission, but a repeat upper endoscopy
once more showed no active bleeding site.

Over the next 24 hours, he developed spontaneous dis-
charge of a dense, viscous, light-brown pus-like material
from his swollen left knee. Surgical arthrotomies of his
other large joints were performed, after which his joint
pains and swellings resolved. Neither direct examination
nor cultures of the joint samples were positive for bacteria,
and histology found only non-specific aseptic inflamma-
tion of the synovial membranes and joint capsules.

Despite a general improvement in his condition, the
patient’s epigastric pain continued and the decision was
made to operate on the pancreatic pseudocyst. At lapa-
rotomy, a cyst-like lesion was found within the head of
the chronically inflamed pancreas, close to the mesenteric
vein. No fat necrosis was found within the abdomen. Cyst
aspiration was performed and blood-like aspirate obtained;
containing 58,040 U/L of amylase on laboratory analysis.
The cyst was formally opened with the aim of perform-
ing a cystojejunostomy, particularly as there was a chance
that the blood that had been aspirated might have been
from an accidentally punctured blood vessel. Following
exploration, the bleeding became more brisk, requiring
tamponade, and fearing an arterial aneurysm, a pylorus
preserving pancreatic head resection was performed.

After pancreatic transection, the head was slowly and
carefully dissected from the very adherent superior mes-
enteric and portal veins. Unfortunately, the brisk bleeding
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Figure 2. Diagram showing operative findings;
C - pancreatic pseudocyst; PV - portal vein; SV - splenic vein; PD - pan-
creatic duct; CPF — cyst portal fistula; CPDF - cyst pancreatic duct fistula

Figure 3. The intra-operative specimen;
C - pancreatic pseudocyst; PD - pancreatic duct; CPDF - cyst pancre-
atic duct fistula; VP - Vater’s papilla; CBD - common bile duct

continued, and the bleeding source was established as a
2.5 x 0.5 cm communication between the cyst cavity and
the portal vein (Figure 2). A temporary clamp was placed
to control the bleeding and the fistula was oversewn, mak-
ing use of the thickened cyst wall.

Pathological analysis of the resected specimen con-
firmed a broad fistula between the cyst (and the superior
mesenteric) and portal veins; an additional fistula was
also identified between the cyst and the pancreatic duct
(Figure 3).

The patient’s postoperative recovery was uneventful,
with an almost immediate resolution in his abdominal
symptoms. After a rehabilitation programme and intense
physiotherapy, the patient regained most of his muscu-
loskeletal function, remaining ambulatory and well at a
recent six-year review.

This case report was approved by the institutional eth-
ics committee, and written consent was obtained from the
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357



358

patient for the publication of this case report and any ac-
companying images.

DISCUSSION

The precise mechanism of PPF formation remains un-
known [10]. Pancreatic enzymes activated by intestinal
enterokinases are thought to be responsible for the ero-
sion into the neighbouring blood vessels [14]. Any venous
thrombosis in these vessels is then likely to be dissolved by
these same enzymes, thereby allowing their free flow into
the blood circulation, causing PDS [18].

There have been 22 previously documented cases of
PPF, almost all being single-case reports [5, 6, 10-28].
Including this currently reported case, these have been
predominantly male patients (82% or 19/23 patients), with
a mean age of 50 years (range 29-82 years) at presenta-
tion and most had a history of chronic alcohol abuse and
chronic pancreatitis. The majority presented with abdomi-
nal pain and of those tested all had a raised serum amylase
[22]. One patient had recurrent gastrointestinal bleeding
and pain [18].

Fifteen (65%) had pseudocyst formation in the head of
the pancreas (in close proximity to the portal vein), and
four patients had pseudocysts involving the tail. Including
the current case, 10 (43%) were suffering from PDS [14, 17,
22], erythema nodosum was evident in eight (35%) [10-16,
22], polyarthritis in seven (39%) [11-17], and disseminated
fat necrosis in five (28%) patients [17, 22].

Conventional invasive and noninvasive imaging can
often (though not always consistently) identify a PPF [22].
Contrast-enhanced CT scan can demonstrate a throm-
bus within the portal vein in PPF patients, though does
not typically demonstrate the fistula. Magnetic resonance
and magnetic resonance cholangiopancreatography (MRI/
MRCP) can demonstrate an increased fluid signal in the
portal vein, assess the pancreatic ductal system, and iden-
tify other extrinsic pathology. US can also demonstrate
absent portal vein flow from thrombus formation, but not
necessarily the fistula formation. Endoscopic retrograde
cholangiopancreatography (ERCP) will demonstrate a
fistula but only if the pseudocyst directly connects to the
pancreatic duct. Percutaneous transhepatic portography
(PTP) by definition directly visualizes the portal system
and can also yield portal vein fluid for analysis [22]. Image-
guided (CT or US) cystography and angiography can also
be useful.

Of the (now 23) reported PPF cases, four (17%) were
diagnosed through ERCP [5, 6, 23, 24], four (17%) through
cystography [19, 20, 27], three (13%) through PTP [18, 21,
22], two (11%) through MRI/MRCP [25, 26], one through
CT [28], and one (4%) through angiography [11].

In this particular reported case, despite having had
two upper endoscopies, an US, and two CT scans, the di-
agnosis of a PPF was only actually made during surgery
and then confirmed through histopathological analyses.
Of the remaining reported PPF cases, two were similarly
diagnosed during surgery [12, 17], while five (22%) were
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only discovered at post mortem [10, 13-16]. Thus, despite
multimodal diagnostics, eight (35%) patients had their di-
agnosis established either at surgery or at post mortem.

The majority of these patients can be managed expec-
tantly, and PPF have been known to close spontaneously
[23]. However, prompt surgical intervention is indicated
where dessminated fat necrosis develops or when there
is a significant clinical deterioration, as these are associ-
ated with significantly poorer outcomes, and even death
[6, 15, 25].

Nine of the 23 PPF patients underwent surgery. A pylo-
rus preserving pancreaticoduodenectomy was performed
in two patients [12, 22], similar to the procedure which
our patient also underwent, resulting in the immediate
resolution of the PDS. Another patient underwent sur-
gical ligation of the incoming vessels with no symptom
improvement. A Whipple’s procedure was then performed
at a second sitting, which resulted in the disappearance of
the “PDS” [11]. A fifth patient underwent local pancreatic
resection and panceaticojejunostomy; unfortunately, this
patient had a recurrence of subcutaneous fat necrosis, but
fortunately responded to steroids [17]. An unusual sixth
patient with three cysts underwent splenectomy and a
partial left pancreatectomy. Following this, the dilated
pancreatic duct and the pancreatic pseudocyst walls were
opened longitudinally and a “Y” side-to-side pancreatico-
jejunostomy was performed. A catheter was then inserted
through the splenic vein into the portal tree to drain it
externally and to prevent portal hypertension during the
postoperative period. The catheter stopped draining pan-
creatic juice after a few days and the drain was removed
15 days postoperatively [20]. This patient was doing well
at the time of publication two years after surgery. A sev-
enth patient had simple operative drainage of their asci-
tes and after three months was discharged from hospital.
They were noted to be well at the time of publication [19].
However, no time period for this was stated. One further
patient underwent pancreaticojejunostomy [18], another
a pancreaticoenterostomy [25].

Despite the successful closure of the PPF, some of these
surgically managed patients continued to suffer serious
disability from ongoing recurrent extrapancreatic disease.

Our patient clearly suffered from chronic alcoholic pan-
creatitis with an associated pseudocyst. However, we failed
to recognize that the pre-operative dark brown aspirated
fluid and the presence of contrast within the central area
of the cyst on CT indicated a probable communication of
the cyst with a neighbouring blood vessel. In retrospect,
these findings obviously warranted angiographic imaging.
The absence of contrast within the peripheral area of the
cyst should also have been recognized as resulting from
thrombosis. The laboratory findings of high concentrations
of amylase from the intraoperative blood aspirated from
the cyst would have also indicated a possible cyst—portal
fistula. The upper gastrointestinal bleeding with a normal
upper endoscopy can also be explained by the pathology
finding of a communication between the pancreatic pseu-
docyst and the pancreatic duct; and this could have been
identified earlier by ERCP. The direct emptying of the
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pancreatic enzymes into the mesenteric and portal veins
was probably the cause of PDS, which completely resolved
after surgery.

The authors would recommend that, where practical,
a pylorus-preserving pancreaticoduodenectomy should
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ducTyna naHKpeacHe NceyAoLUCTe Ca FOPHOM ME3EHTEPUYHOM U NOPTHOM BEHOM
Koja je AoBena A0 HOAO3HOT epuUTEMA M aCENTUYHOT NONIMAPTPUTMCA — NPUKA3

6onecHuKa v nperneg nutepatype

Huvikmua Tpy6op’, Pagoje Yonosuh?, Yegomup Byuetnh?, Anekcangap [. HuHuh'!, XeHpu Jywan AtkuHcoH*
'YHuBep3uteT y beorpagy, MeanumHck dakynTeT, YHIBep3UTeTCKI KNMHUYKM LieHTap Cp6uje, MpBa xvpypLuka knuHuka, beorpag, Cpbuja;

Ynusepautet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*YHnBep3uTeTCKu KNUHUYKK LieHTap Cpbuje, KnuHuka 3a opToneacky xupyprujy n paymatonrujy, beorpag, Cpbuja;
*YHuBep3uTeTcka 6onHnua GoHaaumje HaunoHanHe 3gpasctBeHe cyx6e Ceepenn Muancekc, Oncek 3a Xupyprujy 1 oHKkonorujy, JIoHaoH,

YjeanrbeHo KparbeBCTBO

CAMETAK

YBop EkcTpanaHKpeaTnyHe KOMNAKaLmje akyTHOT 1 XPOHWNY-
HOT MaHKpeaTUTMCa Koje ce He OfHOCE Ha BUTaiHe OpraHe cy
BeoMa peTKe. Hajuelrhe komnavKawmje cy CynkyTaHW NaHUKY-
JINTNC, aPTPUTNC, MacHa HEKPO3a KOCHE CPXM 1 BaCKYNTUC.
OBa acouypaHa CTama ce jeAHUM IMEHOM Ha3uBajy CUHAPOM
60necTyi NaHKpeaca 1 Mory ce jaBUTK He CaMo Y3 NMaHpeaTUTUC
Beh 1y gpyrum 6onectrima naHKpeaca Kao WTo cy TYMopH,
Tpayma v ITuja3a naHKpeaTnyHux KaHana. CuHgpom bonectu
naHKpeaca je BepoBaTHO Y3pOKOBaH LMPKynuLyhvim eH3uMrma
naHKpeaca (KOHKPETHO N1nase) Kafja je NaHKpeac y ANPeKTHO)
KOMYHMKaLmju ca KpBOTOKOM. Epo3mja nceygoumcTe naHkpeaca
Yy FOphby ME3eHTEPUYHY 1 NMOPTHY BEHY je BeoMa pefak forahaj;
nocToje caMo 22 NPeTXOAHO 0bjaBsbetba Clyyaja maHKpeaTny-
HO-MopPTaHMX BEHCKMX drCTyna y nutepatypu. AyTopu cy Ha-
CTOjanyvi NpeacTaBUTY 060/bEHE KOje HacTaje Kof CMHAPOMa
60necTn naHKpeaca peTkuM GopmmparbeM NceynoLyCcTNYHO-
nopranHe ¢uctyne, moryhe Komnnukauuje, y3 npenopyky o
aAEeKBaTHOM XMPYPLIKOM TPETMaHy ca AeTa/bHIM MNperiefom
CBeTCKe SinTeparype.
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Mpuka3s 6onecHnKa MpeactaB/baMo HeobnyaH cnyyaj Tpuae-
ceTceMOrofnLLber YOBEKa Ca XPOHUYHNM afIKOXOSTHUM NaH-
KpeaTuT1COM 1 NCey[oLMCTOM raBe NaHKpeaca Koja jeJHOM
CTPaHOM KOMYHMLMPa Ca MMaBHUM NaHKpeaTUyHUM BOJOM, a
APYroMm je LMPOKOM epO31joM Y KOHTaKTY ca rOpHOM Me3eH-
TEPUYHOM U MOPTHOM BEHOM, U3a31Bajyhn BaCKYNUTAC HAaNMK
Hopo3HoMm eputemy (Erythema nodosum) v nonuaptputuc. AHu-
LmjanHo, 60NIeCcHUK je IeYeH KOH3epPBaTUBHO, anu Cy HaKHagHO
ypaheHe MHOrocTpyKe apTpoToMMje Kafa je Y Kpajrem aKTy
ypaheHa nunopyc-npesepsrpajyha fyoaeHonaHKpeaTekToMmuja
1 BMpPEKTHa PeKOHCTPYKLWja owTeheHunx BeHa.

3aksbyuak BehiHa cnyyajeBa 3axTeBarna je arpeciBHO XUpYpLU-
KO Nleyerse, jep je onacHOCT of KpBapetba Bennka. PaHnja xu-
pypLUKa MHTEPBEHLMja MOXKe 6UTK onpaBaaHa 1 ako ce Kog, 6o-
NeCHMKa pa3Buja AMCEMUHOBaHA HEKPO3a MacTu Koja AoAaTHO
roropLuasa ncxoA. Aytopu npenopyuyjy Aa ce y Npakcy y4nmHu
nunopyc-npesepsupajyha naHkpeaTnkogyoaeHeKToMMja.

KrbyuHe peun: naHKpeac; NceyAoLMCTUYHO-NIOPTaHa BEHCKa
ucTyna; cuHapom bonecTu NaHKpeaca
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Super-refractory status epilepticus and
pharmacoresistant epilepsy in an infant with
hemorrhagic shock and encephalopathy syndrome
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SUMMARY

Introduction Hemorrhagic shock and encephalopathy syndrome (HSES) is a rare disorder with prevalence
at an early age. The main features of HSES are acute diarrhea, shock, disseminated intravascular
coagulation, multisystem impairment, and encephalopathy. The prognosis is very poor, with high
mortality, especially in cases with status epilepticus.

Case outline The presented infant had typical features of HSES associated with super-refractory status
epilepticus as de novo epileptic event, followed by pharmacoresistant epilepsy. Clinical course of the
disease was very severe and required urgent circulatory and respiratory support, and simultaneous
management of super-refractory status epilepticus by continuous intravenous infusion of midazolam,
barbiturate, and levetiracetam. The outcome was very poor with serious neurological consequence and
resistant epileptic seizures.

Conclusion The treatment of the presented patient with HSES was very challenging due to a life-
threatening condition associated with super-refractory status epilepticus, and further pharmacoresistant
epilepsy. Additionally, the choice of antiepileptic drugs is limited due to multisystem impairment and
adverse effects which might worsen the already severe course of the disease.

Keywords: status epilepticus; hemorrhagic shock and encephalopathy syndrome; pharmacoresistant

epilepsy

INTRODUCTION

Hemorrhagic shock and encephalopathy syn-
drome (HSES) was described by Levin et al.
[1] as a new syndrome in 1983. Few series or
case reports of patients with HSES have been
presented over the last 30 years. The authors
described a very severe clinical course of the
disease, with poor prognosis [2]. Nine criteria
for HSES have been defined: shock; coma and/
or seizures; diarrhea; disseminated intravascu-
lar coagulation; fall of hemoglobin and platelet
count; elevated liver enzymes; renal dysfunc-
tion; acidosis; negative blood and cerebrospinal
fluid cultures. Diagnosis of HSES is definitive
if all nine criteria are satisfied, while probable
HSES is if either eight criteria are satisfied, or at
least seven with no information on the remain-
der. The initial manifestation of the disease is
acute diarrhea with very rapid development of
circulatory shock, encephalopathy associated
with epileptic seizures, disseminated intra-
vascular coagulopathy with multisystem im-
pairment including liver and kidneys [1, 2, 3].
Status epilepticus (SE) in children with HSES
frequently emerged in preceding etiologies with
augmented neuronal excitability by distinct
pathomechanism from the “cytokine storm”-
mediated acute seizures during childhood [4].
Super-refractory status epilepticus (SRSE) is
defined if SE continued or recurred 24 hours

or more after the onset of anesthetic drugs in
continuous infusion, and is associated with
morbidity and mortality [5]. The main neu-
roradiological feature during the first phase of
the disease is cerebral edema, followed by brain
atrophy [6]. Treatment of HSES is very urgent
and includes intensive care therapy with mul-
tidisciplinary approach. Despite prompt and
adequate treatment, morbidity and mortality
are still very high [2, 3].

The literature data about characteristics
of epileptic seizures in infants with HSES are
insufficient, and there is no data about the as-
sociation with SRSE.

The aim of our case presentation is to point
out the challenge in diagnosis and treatment in
infant with HSES, particularly if it is associated
with SRSE and epileptic seizures

CASE REPORT

We present an infant aged three months with
a severe course of HSES, SRSE, and resistant
epilepsy. Somnolence with progression to coma
started in the morning of the admission day;,
with signs of cyanosis and periods of apnea,
together with jerking of the right side of the
body for hours, followed by secondary gener-
alization of the seizure. The data about previ-
ous history were insufficient, but we found out
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Table 1. Initial laboratory findings

Analyses Results Ci?g};ﬁgigﬁ:ﬂ?g
White blood cell count 10.4 Normal
Hemoglobin (g/L) 117 Decreased
Platelets 86 Decreased
C-reactive protein (mg/I) 0.9 Normal
Blood pH 7.27 Decreased
Base excess -10.7 Increased
Bicarbonate (mmol/l) 13 Decreased
Glycaemia (mmol/l) 1.6 Decreased
Urea (mmol/I) 13.7 Increased
Sodium (mmol/I) 133 Decreased
Potassium (mmol/I) 1.6 Decreased
Calcium total (mmol/I) 1.83 Decreased
Lactate dehydrogenase (U/1) 4622 Increased
Creatine phosphokinase (ug/l) 5705 Increased
Bilirubin total (mg/dl) 12.2 Decreased
Ammonium (umol/L) 44 Normal
Uric acid (umol/L) 1156 Increased
Albumin (g/1) 29 Decreased
Liver enzymes

AST (1U/1) 603 Increased
ALT (1U/1) 343 Increased
Prothrombin time (s) (%) 47.4(13) Prolonged
Partial prothrombin time (s) 53.8 Prolonged
D-dimmers 5100 Increased

AST - aspartate aminotransferase; ALT - alanine transaminase

that the infant was the third child in the family, from an
uneventful pregnancy and delivery.

The infant was admitted to the pediatric intensive care
unit of our institute due to coma and generalized SE with
irregular respiration. The patient was febrile, pale with
perioral cyanosis, extremely dehydrated, with signs of
circulatory shock associated with numerous watery diar-
rheas. Hart rate was increased, 180-200 beats/minute for
the first three days, while blood pressure was decreased.
Oliguria to anuria lasted two days despite hydration, circu-
latory support, and diuretics. During the first five days in
the hospital, the infant suffered severe watery and bloody
diarrhea, with more than 15 stools per day. The results
of biochemical and hematology analyses are presented in
Table 1. Focal onset seizures with secondary generalization
repeated frequently for seven days despite anticonvulsive
treatment and hemodynamic stabilization. The signs of
right hemiparesis were noted after seven days when the
child became more active with spontaneous movements.
Imaging chest X-ray and abdomen ultrasound were nor-
mal. Microbiological and serological analyses of the blood,
urine, stool, and cerebrospinal fluid were negative for
bacteria and viruses (herpes simplex virus, enterovirus,
adenovirus, and rotavirus). Initial computerized tomog-
raphy (CT) showed a significant brain edema (Figure 1),
especially above the posterior regions, which was the cause
of postponing the lumbar puncture.

Initial treatment included intensive care measures of
circulatory and respiratory support, rehydration, correc-
tion of acidosis and electrolyte disturbances, diuretic stim-
ulation and antibiotics, antiedematous therapy (mannitol,
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Figure 1. Brain computerized tomography scan at the level of the
lateral ventricles showing a severe cerebral edema with obliteration
of the lateral ventricles, loss of differentiation of the gray/white matter,
and cortical sulci and gyri

dexamethasone) started after brain edema CT scan evi-
dence and was administered for seven days. During the
tirst few days, the function of circulatory and respiratory
systems, the kidney, and the liver was improved. Despite
circulatory and respiratory stabilization, the condition of
the infant was very critical due to coma and frequent and
prolonged epileptic seizures, mostly with jerking of the
right side of the body, with spreading to the left side and
generalization. The seizures were resistant to the high dos-
age of intravenous bolus of benzodiazepines (midazolam
0.2 mg/kg), phenobarbital (20 mg/kg), and levetiracetam
(60 mg/kg). Since the failure of the first and second an-
tiseizure drugs, anesthesia with continuous intravenous
infusion of midazolam was started and the dosage was
increased up to 0.4 mg/kg/h. Every withdrawal of anesthe-
sia was associated with recurring seizures, and continuous
infusion of midazolam lasted eight days. After the ces-
sation of generalized tonic-clonic SRSE, and midazolam
withdrawal, the infant continued to suffer frequent focal
onset seizures with aversive head-turning, and jerking of
the right side of the body, with secondary generalization.
Valproate was started as soon as the liver enzymes were
normalized. Since the infant suffered episodes of irrita-
bility, agitation, and long-lasting monotone crying, clon-
azepam was added to valproate. Serial video electroen-
cephalography (EEG) showed very slow and low amplitude
background activity with multifocal epileptic discharges.
The focal seizures were resistant to the combination of val-
proate and clonazepam, so carbamazepine was introduced.
After seven days, when the dosage was increased up to 15
mg/kg, the infant started having terrible myoclonic jerks.
Ictal video EEG showed multiple spikes and poly-spikes
and waves synchronized with myoclonic jerks. Since car-
bamazepine might provoke myoclonic jerks, the drug was
stopped and topiramate was introduced. With increasing
the dosage of topiramate up to 5 mg/kg/day, the frequency
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Figure 2. Brain computerized tomography scan at the level of the
lateral ventricles showing structural changes: encephalomalacia, brain
atrophy, hydrocephalus ex vacuo with sparing of the basal ganglia,
cerebellum, and brain stem

of seizures decreased and further good control of seizures
was achieved. We noticed improvement in seizure control,
but not in neurological status. After 70 days of hospitaliza-
tion, the infant was discharged and referred to a regional
hospital with very severe neurological consequences pre-
sented as: cortical blindness, right spastic hemiparesis, in-
creased muscle tone of extremities with bilateral positive
Babinski sign and feet clonus, the only voice was in the
form of monotonic crying, the feeding was through naso-
gastric tube because of loss of sucking and swelling reflex.
CT scan during hospitalization showed progressive brain
atrophy (Figure 2). During two years follow-up period, the
child was seizure free, while neurological consequences
were severe including blindness, microcephaly, and right-
sided hemiparesis, unable to sit, stand and walk.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Written consent to publish all shown material was ob-
tained from the patient’s caregiver.

DISCUSSION

HSES is a very severe complication of gastroenteritis
with high mortality of 60%, and with severe neurologi-
cal consequences in survived patients [2]. Predictors for
poor prognosis are SE, prolonged coma, and biphasic
course of the disease [2]. Our patient had two of the three
predictors for poor outcome - SE and prolonged coma.
Neuroradiological finding was typical for HSES in our
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case, showing severe brain edema at the onset, and later
progressive brain atrophy. Literature data also suggest a
correlation between the severity of neuroradiological brain
abnormalities and poor outcome, as was in our case [2,
6, 7]. Pathogeneses of the neurological manifestations of
HSES is still unknown, so there are several hypotheses.
According to some of them, ischemia and hypoxia have
the main roles due to circulatory impairment, while hy-
perthermia is less probable. Direct bacterial or viral neu-
rotoxicity is also possible in pathogenesis of HSES [8, 9]. A
very recent study supports “cytokine storm” pathogenesis
of HSES, showing significant increases in levels of most
inflammatory cytokines and all chemokines in six patients
with HSES but no significant difference in levels of some
cytokines (IL-2, IL-4) within 24 hours of symptom onset
[10]. Similar to other reported studies, there is no effect
on mortality when immunomodulatory treatments, such
as corticosteroids, are used [10, 11].

The treatment of seizures including SE is a very chal-
lenging part of therapeutic approach in HSES. Literature
data presented that SRSE was associated with resistance
on antiseizure medication and high case-fatality rate
(21.3%) [12, 13]. In a new-onset seizure presenting as de
novo refractory SE, it is very important to explore the un-
derlying etiology, especially the central nervous system
inflammation, as well as to start appropriate etiological
treatment early [13]. We showed that continuous infusion
of midazolam in high dosage with careful monitoring of
the vital signs could be a good choice for treatment of SRSE
in patients with the HSES. The subsequent episodes of
excitability and crying in our case might have been caused
by midazolam withdrawal and/or were the manifestation
of the disease. Nevertheless, the treatment by clonazepam
was effective in those episodes. There is no data on patients
with HSES having myoclonic jerks spontaneously, but we
observed myoclonus in our patient provoked by carbam-
azepine. Topiramate in combination with clonazepam was
very successful in our patient for the long-term seizure
control and irritability. Prognosis in most children with
HSES is poor and associated with high mortality and mor-
bidity rate, although a recent publication on HSES in sev-
eral adult patients suggested a favorable outcome [14, 15].

In conclusion, encephalopathy and epileptic disorders
might exist during and after the recovery of multisystem
impairment in patients with HSES. In our patient, SRSE
and epileptic seizures were dominant and long-lasting fea-
tures of the disease. Some antiepileptic drugs are limited
due to multisystem impairment and adverse effects which
might worsen already severe course of the disease. SE in
HSES has a predictive value, and despite adequate treat-
ment, SRSE contributed to poor prognosis in our case.
Multicenter studies are recommended to achieve better
understanding of pathogenesis including epileptogenesis,
and treatment of this rare disorder.

Conflict of interest: None declared.
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CyneppedpaKkTapH1 enunenTUYKK CTaTyc U GapmMaKope3nCTEHTHA enuaencuja Koa
0A0jueTa ca CUHAPOMOM XeMOPArujCKor WoKa U eHuedanonatuje

Pyxuua KpasmaHau'? Mapuja Hakosuh', burbana Byuetnh-Taguh'?, Hophe KpasrbaHau'
"MHCTUTYT 33 3APaBCTBEHY 3aLTUTY Majke 1 AeTeTa Cpbuje,[p Bykan Yynuh', beorpap, Cpbuja;

2Ynneepautet y beorpagy, MegnunHcku akyntert, beorpag, Cpbuja

CAMXETAK

YBop CvHAPOM XeMOpParujcKor LWoKa 1 eHuedanonatuje pefak
je nopemehaj kojv ~Ma NpeBaneHUKjy y paHoMm y3pacty. [naBHa
obenexja 0BOr CHAPOMA Cy aKyTHW NPONWB, AVCEMMHOBaHA
MHTPaBacKynapHa Koarynauuja, MynTucrcteMcko owTtehere
1 eHuedanonatuja. lMporHosa 6onecty je nowa v yapyxeHa je
€a BUCOKNM MOPTaIMTETOM, HAPOUMTO aKO je TOK KOMMANKOBaH
enunenTUYKUM CTaTyCoM.

Mpuka3 6onecHukKa lNprikasaHo je ofojue ca TUMNYHUM Ka-
paKTepucT1Kama CHAPOMa XeMOoparujcKkor LWoKa v eHueda-
nonartuje yapyXeHnuMm ca cyneppeppakTopHUM enUenTUYKAM
CTaTyCOM Kao HOBUM eNuienTUYKym gorahajem, Koju je npahex
dapmakopesncteHTHOM enunencujom. KnuHnyky Tok 6onectu
je 610 Beoma TeXak, a ofjojue je 3axTeBano XUTHY pecnupa-
TOPHY 1 LIMPKYNATOPHY MOTMNOPY, @ Y CTO BpemMe 36putbaBatbe
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cyneppedpaKkTapHOr enunenTUYKor ctatyca NPYMeHOM KOHTU-
HynpaHe nHdy3uje Mpasonama, bapbutypata 1 nesetmpatie-
Tama. Micxop 60necTy je HeMoBOJbaH, Ca TELLKNM HEeYPOOLLKIM
cekBenama n GapmakopesvCTEHTHOM enuaencujom.
3akspyuak Jleyere nprikasaHor 6onecHrKa ca CMHAPOMOM
XeMOoparunjckor Woka 1 eHuedanonaTuje je BENNKM 13a30B
360r XMBOTHO yrpoxaBajyher cTatba Koje je yapy»eHo ca cy-
neppedpakTapH/M eNUAENTUYKUM CTaTyCOM U PE3UCTEHTHOM
enunencujom y KacHujem Toky 6onectu. OtexaBajyha okonHocT
je orpaHnyeH n36op aHTMeNUNEeNTUYKNX JieKoBa 360r MynTu-
cnctemckor owTehera 1 HexembeHUx epekata, Koju AO[aTHO
MOTY MOrOPLLIATU MOHAKO TeXakK TOK 6onecTu.

KmbyuHe peun: status epilepticus; cMHAPOM XeMOoparujCKor LWokKa
1 eHuedanonatuje; bapmakopesncTeHTHa envnencuja
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SUMMARY

Introduction Primary hyperparathyroidism is rare pathology in children (2-5:100,000). In more than 85%
of patients, a single adenoma is present, and its extirpation is usually the only treatment a patient requires.
In approximately 15-80% of cases, ectopic mediastinal parathyroid tissue can be found inside the thymus.
Case outline Our patient was a 13-year-old boy, who presented with multiple bone fractures in the previous
period of time, and fatigue. Parathyroid hormone levels preoperatively were extremely high (1320 pg/ml
- more than 19 times higher than normal). Serum calcium was also elevated (total 3.55 mmol/l; ionized
1.41 mmol/l). He was examined and diagnosed as primary hyperparathyroidism by a pediatric endocri-
nologist. Imaging procedures for the preoperative localization of parathyroid adenomas were done (*™Tc
sestamibi scintigraphy and magnetic resonance imaging suggested ectopic mediastinal parathyroid
adenoma). The patient underwent video-assisted thoracoscopic surgery procedure. After exploration of
the mediastinum and chest, no ectopic parathyroid tissue was found, so total thoracoscopic thymectomy
was performed. Final pathological section confirmed parathyroid adenoma inside the thymus.
Conclusion We believe that if no parathyroid tissue is found during surgical exploration of mediastinum,
in a child with preoperatively detected parathyroid adenoma in anterior mediastinum, recommendation
is to think about possible intrathymic localization and consider removing the thymus. Greater sample
size is necessary for higher reliability of this statement.

Keywords: primary hyperparathyroidism; video-assisted thoracoscopy; thymectomy; Tc-99msestamibi

parathyroid scan; children

INTRODUCTION

Primary hyperparathyroidism (PHPT) is rare
in pediatric patients (2-5:100,000) and only
about 200 cases have been reported [1]. Clinical
presentation can include unspecific symptoms
of gastrointestinal, musculoskeletal, renal, and
neurological systems, but also very specific such
as pathological bone fractures, kidney stones, or
pancreatitis [2]. It is usually diagnosed by an en-
docrinologist, however appropriate treatment for
insufficiently controlled PHPT is mainly surgi-
cal. PHPT is principally caused either by adeno-
ma or hyperplasia of parathyroid glands. In more
than 80% of patients, a single adenoma is pres-
ent, and its extirpation is usually the only treat-
ment a patient needs [3, 4, 5]. Preoperatively, it
is necessary to detect hypersecreting gland(s) or
to locate adenoma. This can be achieved using
ultrasound, magnetic resonance imaging (MRI),
computerized tomography (CT) or radioisotope
scan. Also, intraoperative monitoring of para-
thyroid hormone (PTH) levels, frozen section
biopsy, handheld gamma probe or methylene

blue infusions should be used as a direct control
of the adequate extirpation [6]. The goal of the
surgical treatment is to identify and remove all
abnormal parathyroid tissue.

The purpose of the study was to present our
first experience in such a rare pathology, and to
consider treatment options when pre- and/or
intra-operative mass detection is inconclusive.

CASE REPORT

Our patient was a 13-year-old boy, who present-
ed with multiple bone fractures in the previous
period and fatigue. He was examined and diag-
nosed as PHPT by a pediatric endocrinologist.
PTH levels were extremely high (1320 pg/ml -
more than 19 times higher than normal). Serum
calcium was also elevated (total 3.55 mmol/l;
ionized 1.41 mmol/l), serum phosphorus was
low (0.45 mg/dl), alkaline phosphatase was nor-
mal, 25-hydroxyvitamin D (250HD) was low
(29 nmol/l) and biochemical markers of bone
turnover were also high (CrossLaps 2895 pg/ml
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Figure 1. Preoperative diagnostics - 99mTc-sestamibi
scan showed intensive focal uptake in mediastinum

and PINP > 1200 ng/ml). Urinary excretion
of calcium was high with urinary calcium/
creatinine ratio of 2.1. We did biochemical
screening for hyperparathyroidism and the
other multiple endocrine neoplasia type 1
(MENT1) -related tumors, and it was negative.

Standard X-ray images of target bones
were taken (distal part of the left humerus
with reduced bone density, in its proximal
and middle parts were seen pseudocystic
resorption zones, similar changes in distal
part the right humerus and proximal right radius and ulna,
reduced bone density of both femurs and right tibia).

Ultrasound of the neck was unspecific. Neck CT marked
suspicious hyperplastic parathyroid tissue (5 mm) in the
inferior aspect of the left thyroid lobe. Chest MRI showed
some suspicious masses in close relation to both brachio-
cephalic trunks, which had characteristics of ectopic para-
thyroid tissue, lymphatic or fatty tissue.

#mTc-sestamibi scintigraphy including single-photon
emission computed tomography study of the neck and
mediastinum showed focal intensive uptake in the ante-
rior part of the right mediastinum, which refers as ectopic
adenoma or parathyroid gland hyperplasia (Figure 1).

Initially, the patient was treated conservatively with sa-
line rehydration and diuretics, once with bisphosphonates
infusion, and vitamin D supplements. Calcium level was
normalized preoperatively.

After consultations with endocrinologists, adult gen-
eral surgeons, otolaryngologist, adult thoracic surgeon
and pediatric cardiothoracic surgeon, minimally invasive
surgery was planned. The original plan included preop-
erative low dose methylene blue infusion, which should
have accumulated into the ectopic parathyroid tissue and
stained it blue. Unfortunately, intravenous methylene blue
solution in our country was not available. Our decision
was to perform surgery without intraoperative adenoma
marking on. Intraoperative PTH levels monitoring and

‘ DOI: https://doi.org/10.2298/SARH200529042)

Figure 2. Intraoperative details — suspicious mass (without parathyroid tissue) extirpation
(upper row) as well as initial and final step of thoracoscopic thymectomy (lower row)

Figure 3. Final pathological section (50x and 100x magnified) — the nodule consisted
of regular-looking parathyroid tissue surrounded by regular thymic tissue

intraoperative localization with hand-held gamma counter
probe were technically impossible as well. At last, frozen
section biopsy was planned as intraoperative confirmation
of parathyroid tissue removal.

Video-assisted thoracoscopy was performed under gen-
eral anesthesia with supine positioned patient. Camera port
of 5 mm was located in the fifth right intercostal space in
the midaxillary line. Two working 5 mm ports were placed
into the fourth and sixth right intercostal space in the ante-
rior axillary line. A single suspicious mass was extirpated,
but frozen section confirmed presence of regular thymus
parenchyma and reactive lymph node inside the fatty tissue,
without parathyroid tissue. Total thoracoscopic thymectomy
was performed (Figure 2). Resected thymus had dimensions
10 x 4 x 3 cm and weighed 34.4 g. The capsule was thin and
smooth. On cut surface, the regular thymic tissue was gray-
ish to whitish, elastic, soft, lobular. In the upper pole of the
right lobe, there was a well-circumscribed and encapsulated
whitish nodule measured 11 x 4 mm. After removing the
thymus, detailed exploration was repeated, and again no
suspicious ectopic parathyroid tissue was found. Chest tube
was placed, and lung re-expanded. There were no intraop-
erative complications and neat hemostasis was achieved.

Blood samples were collected at the beginning of the
surgery, 10 minutes after removing the thymus, as well as
12 and 24 hours postoperatively. These results, which we
could not get until the next day, showed that PTH levels
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decreased down to normal (35.6 pg/ml after 10 minutes
and 33.1 pg/ml after 12 hours), as well as calcium levels.

Final pathological section confirmed ectopic parathyroid
adenoma, surrounded by regular thymic tissue (Figure 3).

We confirm that we have read the journal’s position on
issues involving ethical publication and affirm that this
work is consistent with those guidelines.

Considering that our patient was a minor, all the data
was published after obtaining parental consent.

DISCUSSION

PHPT has bimodal distribution in pediatric population.
In newborns, this genetic condition is usually presented
with all four glands hyperplasia. Another peak is in older
children and adolescents, and is usually caused by single
parathyroid adenoma (80%) [3-6]. Parathyroid carcinoma
is extremely rare cause in children [7].

In approximately 15-80% of cases, ectopic medias-
tinal parathyroid tissue can be found inside the thymus
[6, 8-12]. Inferior parathyroid glands and thymus both
originate from the third pharyngeal arch [3, 6, 13]. Other
common localizations of ectopic parathyroid tissue include
mediastinum, thyroid gland, and parapharyngeal space [3,
9, 14-17]. Signs and symptoms of hyperparathyroidism can
also be the first presentation of MEN1. This syndrome,
beside parathyroid adenoma, includes intestinal-pancreatic
endocrine tumors and pituitary tumors [13].

There are still no specific guidelines for precise preop-
erative localization of parathyroid tissue. Preoperative neck
ultrasound facilitates spotting suspicious homogenous
echoic nodule. This diagnostic tool is unable to detect mass
which is not superficial, neither a mass which is behind
air-filled structures. Also, masses that are located behind
the sternum or generally in the mediastinum are not ac-
cessible. CT is not commonly used in children. MRI is a
safe and non-invasive diagnostic imaging modality which
can be used to detect suspicious ectopic nodules inside the
mediastinum. Its disadvantages include poor differentia-
tion between parathyroid tissue and lymph nodes [1]. The
method of choice for localization of ectopic parathyroid
tissue is parathyroid scintigraphy [18].

In our case, results of used diagnostic tools were quite
different. However, MRI and radioisotope scan both spot-
ted suspicious ectopic parathyroid tissue inside the medi-
astinum, with slight difference in its precise localization.

Bilateral four-gland neck exploration was the most com-
monly used surgical technique for treating hyperparathy-
roidism [16]. Unilateral neck exploration is considered
appropriate in asymptomatic patients with mild forms of
PHPT [16, 19].

Open cervical approach (collar incision by Kocher) can also
be used for mediastinal adenomas located in close relation to
the aortic arch, or more cranially located masses [3, 16].

For masses located deeper inside the mediastinum, in-
stead of standard open techniques such as thoracotomy,
median sternotomy and manubriotomy, minimally in-
vasive approaches are developed as well (video-assisted
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mediastinal surgery [13, 17] and video-assisted thoracos-
copy [20-23]. It is considered a “first line” treatment option
for patients with mediastinal parathyroid adenoma located
deeper than the brachiocephalic vein [20].

Intraoperatively, it is sometimes really hard to distin-
guish ectopic parathyroid tissue from usually present lym-
phoid and fatty tissue. Techniques such as methylene blue
staining, gamma probe counter, frozen section biopsy or
PTH levels monitoring can help locating the right one [17].

In vivo, parathyroid tissue is seen as yellowish-brown col-
ored. If blood appears inside the surgical field, surrounding
fatty and lymphatic tissue stains in color very similar to para-
thyroid tissue, which could lead to misrecognition [17, 21].

Intraoperative tissue localization using methylene blue
infusion is proven helpful in approximately 80% of cases.
This technique was suspected to be associated with se-
vere adverse effects, such as neurotoxicity, especially in
patients using selective serotonin reuptake inhibitors. More
thorough studies, where lower doses of methylene blue
solutions were used (3.5 mg/kg instead of 5-7.5 mg/kg)
have proved its safety and efficiency [24]. As previously
mentioned, we were not able to provide methylene blue
solution, nor Geiger counter handheld probe.

Monitoring PTH levels during the surgery could con-
firm whether parathyroid secreting tissue has been re-
moved (at least 50% decrease) [10]. In our patient’s case,
blood samples for PTH levels were collected prior to the
surgery, as well as 10 minutes after removing thymus.
Postoperatively, samples were taken after 12 and 24 hours.
Unfortunately, these results in our case could not be ob-
tained until the next day, so this technique did not provide
us with sufficient information intraoperatively.

Practically, frozen section biopsy was the only avail-
able intraoperative monitoring. After removing the suspi-
cious mass, which frozen section confirmed parathyroid
tissue absence, we had to consider other surgical options.
Knowing that the majority of mediastinal ectopic parathy-
roid adenomas can be found inside the thymus, our “plan
B” was to perform thoracoscopic thymectomy.

There are numerous articles reporting of finding ectopic
parathyroid tissue adenoma inside the thymus, as well as
fewer complications in patients that were thymectomized
during the initial surgery [25-28].

The final pathology report has confirmed ectopic para-
thyroid adenoma tissue inside the thymus, so we have
avoided recurrence, consequent re-operation, and potential
complications [25-28].

Postoperative revision of previously performed MRI
scans was still inconclusive for precise mediastinal tumor
localization.

Instead of a conclusion, we would like to underscore
that if no parathyroid tissue is found during surgical explo-
ration for parathyroid adenoma preoperatively localized in
anterior mediastinum, recommendation is to think about
possible intrathymic localization and consider removing
the thymus. Greater sample size is necessary for higher
reliability of this statement.

Conflict of interest: None declared.
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CAMETAK

YBog lNprmapHu xnnepnapaTMpeovan3am pefak je y gedjem
y3pacTy (2-5: 100.000). Kog npeko 85% 6onecH1Ka NpucyTaH je
afleHOM 1 HeroBa ekcTpnaymja JOBOAW A0 n3neyera. Kog oko
15-80% cnyyajeBa eKTOMMYHO TKMBO MapaTypeongHe xnesae
MoXe ce npoHahu yHyTap Tumyca.

Mpukas 6onecHmka Haw 601eCHWK 6110 je TPHAECTOroANLLIHbY
[eyak, Koju je y KNMHNYKO]j CULM MMAo MyNTUMNE NPeioMe 1
Manakcanoct. BpegHoCT napaTMpeonHOr XopMoHa Cy Npeo-
nepaTnBHO brne eKCcTpeMHo nosuwweHe (1320 pg/ml - npexo 19
nyTa BULLe of pepepeHTHYX). BpegHocTn cepymcKor Kanuujyma
cy Takohe 6une nosuweHe (ykynHu 3,55 mmol/l; joHn3oBaHm
1,41 mmol/l). MepnjaTpy eHAOKPUHONO3N Cy NOCTaBUAN inja-
rHO3y NpUMapHOr XunepnapaTtupeonamnsa. lMocne HaunbeHe
npeornepaTvBHe ANjarHOCTUNKE, Pe3yNnTaTh CUMHTUrpaduje n
MarHeTHe pe3oHaHLe yKa3uBanu Cy Ha NOCTOjakbe eKTonmny-
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HOTr MeJnjacTUHaHOT NapaTupeougHor ageHoma. YpaheHa
je BupeoacncTpaHa TOpakoCKomncka TMMeKToMuja, jep nocse
JeTabHe ekcriopaLmje MeaujacTMHyma eKTonmyHo napatmpe-
OWAHO TKMBO Hulje NpoHaheHo. [lepUHUTVBHM NAaTOXNCTONOLL-
KW Hanas noTBPAMO je MpUCYCTBO NapaTMpeongHor ageHomMa
YHYyTap Tumyca.

3aKsbyvak YKONIMKO ce TOKOM eKCriopaLyje MeaujacTuHyma
Kog 6onecHMKa ca npeonepaTMBHO [OKa3aHNM eKTOMNYHUM
napaTpeouAHVIM TKUBOM Y MeAWjacTUHYMy UCTH He NpoHahe,
npenopyka je y3etn y 063up MoryRHOCT therose nokanmsawmje
YHyTap TMyca, Te pa3MOTPUTN TMEKTOMMjY Kao HaunH Xu-
pypLIKOr peluaBata. HeonxofaHo je nctpaxusarbe Ha Behem
Y30pPKy Kako 611 ce yTBpAuaa Noy3AaHOCT OBe TBPAHbE.
KrbyuHe peun: npumapHu xunepnapatupeoviansam; Buae-
OacucTMpaHa TOpakocKomnuja; TUMeKTOMMja; CLUMHTUIpaduja
napaTvpeonaHnX xnespa; aeua
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Developmental hypomineralization of the enamel
of the first permanent and the second deciduous
molars - report of two cases
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SUMMARY

Introduction Molar-incisor hypomineralization (MIH) is a developmental defect of dental enamel that
affects one to all four first permanent molars (FPM) and frequently permanent incisors. Enamel aberra-
tions are observed as demarcated opacities of different colors (from white to brown) and as posteruptive
enamel breakdown. Clinically similar pathological signs can also be present in deciduous molars.

Case outline Histology of an FPM and a second deciduous molar was performed after extraction from
two unrelated patients with MIH due to inflammatory complications. Tooth samples were analyzed using
a stereomicroscope (SM), light microscope (LM), and scanning electron microscope (SEM). Enamel thick-
ness of both affected teeth was normal. An obvious distinction in enamel microstructure was observed
between the normally developed and the molar-incisor hypomineralized enamel with SM, LM, and SEM.
Conclusion In MIH patients, regular dental visits enable early diagnosis of the disease and appropriate
treatment of the patient as soon as possible, with included preventive measures.

Keywords: MIH; enamel; first permanent molar; second deciduous molar; histology

INTRODUCTION

Molar-incisor hypomineralization (MIH) is a
distinct entity, with a typical clinical picture of
developmentally impaired enamel. One to all
four first permanent molars (FPM) are affected,
as well as, in many cases, permanent incisors
[1]. On individual teeth, enamel hypominer-
alization can be expressed in a wide variety
in each patient [2]. The area of insufficiently
mineralized enamel is clearly delineated from
the normal enamel. Aberrant enamel of nor-
mal thickness can be of different colors, from
whitish to brownish. Enamel mineralization
can be insufficient to such an extent that the
loss of enamel tissue occurs after the eruption
of the tooth. Such areas of missing enamel are
clinically identified as posteruptive enamel
breakdown (PEB). As a rule, PEB is present
on FPM. The size and the shape of such de-
fects differ from carious lesions. PEB defects
are present on areas where the carious process
is not normally expected [3]. Because of the
atypical location of deteriorated hypominer-
alized enamel, the shape of the filling on the
MIH tooth does not coincide with the shape
of a demineralized lesion that would develop
due to caries. In patients with missing FPM that
do not coincide with the clinical picture (the
remaining teeth are healthy, with no caries or
with only minor carious pathology), or in the

presence of hypomineralized signs of MIH and/
or atypical fillings on the remaining FPMs, the
possibility that FPM was extracted due to MIH
should also be considered.

Except for FPM and permanent incisors,
signs similar to MIH are also described on
the second deciduous molar (SDM), the sec-
ond permanent molar, and incisal part/cusps/
tips of the permanent canine [3]. Garot et al.
[4] pointed out that children with MIH-like
affected SDM have almost a five-fold higher
likelihood of MIH presence in permanent den-
tition. The study aimed to describe macro- and
micro-aberrations in the enamel of the FPM
and the SDM obtained from two unrelated pa-
tients diagnosed with MIH.

CASE REPORT
Clinical examination of the patients

A nine-year-old boy was referred to the
University Dental Clinic due to complications
related to the endodontic treatment of a non-
vital upper left FPM (tooth 26). The patient was
otherwise healthy, with no metabolic, endocrine
or any other systemic disease. The likelihood of
dental fluorosis was excluded. The clinical status
is described under Figure 1. The final interdisci-
plinary treatment plan was agreed upon. Based
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Figure 1. A) Upper dental arch of the nine-year-old boy with severely affected enamel of
both upper first permanent molars (FPMs); on tooth 16, a hypomineralized disto-buccal
tooth cusp (present in Figure 3) is marked with a circle; B) lower dental arch with healthy
FPMs without hypomineralizational aberration; C) molar-incisor hypomineralization-
affected permanent upper incisors; D) the extracted upper right FPM (tooth 16) with
posteruptive enamel breakdown due to exceptionally poor mineralization of the enamel;
DB - disto-buccal side of the tooth

Figure 2. A) Nine-year-old girl with mixed dentition and severely affected enamel of both
upper first permanent molars (FPMs); the right FPM with an atypical restoration and the
left FPM (tooth 26) with posteruptive enamel breakdown; on tooth 65, a hypomineralized
mesio-palatal tooth cusp (present in Figure 5) is marked with a circle; B) on the lower
right FPM (tooth 46), insufficiently mineralized enamel is sharply demarcated from a
normally developed enamel; deciduous molars have chalky-whitish patches (teeth 54,
55, 65, 84, and 85); two deciduous molars are missing due to premature extractions;
C) both upper central incisors are also molar-incisor hypomineralization-affected; D)
the hypomineralized upper left second deciduous molar (tooth 65), extracted due to
recurrent spontaneous pulpitic pain and further histologically examined; MPa - mesio-
palatal side of the tooth
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on the results of the analysis of occlusal rela-
tions, the poor long-term prognosis of both
upper FPMs and a possible midline shift, the
decision to extract both upper FPMs was
made. Tooth 16 (Figure 1C) was analyzed
as described below.

The second patient, a nine-year-old girl,
was referred to the clinic due to severe hy-
persensitivity of the upper right FPM (tooth
16). Her medical history also reported no
systemic disease or medications (e.g., an-
tibiotics, fluorides). The clinical status is
described under Figure 2.

For the proposed treatment of the pa-
tients and further examination of the ex-
tracted teeth, informed consent was ob-
tained from the patients and their parents.
The study was approved by the Slovenian
Committee for Medical Ethics (65/05/14).

Tooth samples

The analyzed teeth were MIH-affected FPM
and MIH-like SDM, as described above.
Upon extracting the FPM and the SDM,
the teeth were placed in an isotonic saline
solution and then cut in the bucco-palatal
direction. Both halves of each tooth were
embedded in epoxy resin (Araldite, Ciba-
Geigy, East Lansing, MI, USA) and polished
after 24 hours, according to the established
laboratory protocol. These prepared tooth
specimens were examined in relation to
histology with a stereomicroscope (SM),
light microscope (LM), and scanning elec-
tron microscope (SEM).

Stereo microscopy, light microscopy,
and scanning electron microscopy

Initially, the samples” enamel histology
was observed with SM (Olympus SZ61,
Olympus, Tokyo, Japan), LM (Olympus

Figure 3. A) Stereo microscopy and B) light micros-
copy of the longitudinally cut upper-right first per-
manent molar (tooth 16) crown showed clearly less
mineralized enamel through most of its thickness
of an molar-incisor hypomineralization-affected
disto-buccal tooth cusp; between the porous and
normally mineralized enamel, a clear delineation is
visible; C, D) the same distobuccal tooth cusp ob-
served with a scanning electron microscope; C) on
the secondary electron image directly below the
surface, a thin layer (of some ten micrometers in
its width) of appropriately mineralized enamel and
a ribbon of normally mineralized enamel near the
dento-enamel junction are visible; hypomineralized
areas of enamel are brighter compared to apparently
normal enamel; D) on the backscattered electron
image, hypomineralized areas of the enamel appear
darker, and the borders are not as distinct as on the
secondary electron image
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Figure 4. Scanning electron microscopy of an etched sample of the affected first per-
manent molar presenting A) normal and B) aberrant areas of the enamel; A) on parts
where the course of amelogenesis was normal, the appearance of enamel prisms is
typical, with nicely arranged enamel prisms; hydroxylapatite crystals are closely packed
and correctly oriented (secondary electron image — SEl, x3000); B) conversely, on hy-
pomineralized parts of the enamel, enamel prisms are less prominent; hydroxylapatite
crystals are not packed together so tightly (SEI, x3000); C) image presents the sharp
delineation (delimited with red line) between the porous [i.e., hypomineralized, marked
with H, and normally mineralized enamel (SEl, x2500)]

Figure 5. Longitudinally cut upper-left second deciduous molar (tooth 65), observed
as an unetched specimen with A) stereo microscopy and B) light microscopy, revealed
insufficiently mineralized enamel through the most of enamel thickness of the affected
mesio-palatal tooth cusp; note a clear delineation between the insufficiently and normal-
ly mineralized enamel; the majority of the opacity is whitish, more porous hypomineral-
ized enamel adjacent to the filling (marked with an asterisk) is cream-colored (indicated
by an arrow); the same tooth cusp, observed with a scanning electron microscope, after
previous etching for 20 seconds, shows C) two layers of normally mineralized enamel:
a layer directly below the enamel surface and a layer near the dento-enamel junction
(DEJ); the layer near the DEJ is slightly wider than the layer near the DEJ observed in the
first permanent molars (secondary electron image); D) observation with backscattered
electrons exposed no obvious differences in the enamel structure

Figure 6. Scanning electron microscopy of the etched sample of the affected second de-
ciduous molar present A) typical etching pattern of properly arranged and well-formed
enamel prisms in an area with normally developed enamel; hydroxylapatite crystals
are closely packed and correctly oriented (secondary electron image - SEl, x3000); B)
conversely, in the cream-colored area of the enamel, the prisms are disorganized (SEl,
%x3000); C) the red line on the image shows clear demarcation in the histological structure
of porous (H) and normally mineralized enamel (SEl, X2500); H — hypomineralized enamel
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BX61, Olympus) at different magnifications.
After the histological examination with SM
and LM was completed, the tooth samples
were prepared for SEM according to the es-
tablished laboratory protocol. Non-etched
and later-etched enamel samples (37%
phosphoric acid) were observed with SEM
(QuattroS, Thermo Scientific, Waltham,
MA, USA).

Enamel histology

In both tooth samples, the thickness of the
enamel was normal. However, both samples
had areas with developmentary hypomin-
eralization enamel, which extended almost
all the way from the dento-enamel junc-
tion (DE]J) to the tooth surface (Figures 3
A-D and 5 A-C). A thin layer of unaffect-
ed enamel on the tooth surface was lined
with a normal aprismatic layer, while the
majority of the bulk of the enamel was al-
tered to varying extents. Under the LM, the
hypomineralization areas appeared darker.
As shown in Figures 3 and 5, the surface
of the MIH-affected tooth cusp could be
preserved. In parts with regular develop-
ment, the prisms were normal and well
defined (Figures 4A and 6A). In the aber-
rant part of the enamel, the microstructure
was deficient in most of its thickness, with
prisms poorly defined and inadequately
mineralized (Figures 4B and 6B). In areas
with poorly formed or even unrecognizable
enamel prisms, different levels of porosity is
anticipated, as well as residual organic ma-
terial which had not been removed during
amelogenesis. On etched samples, the differ-
ence between the normally formed enamel
(with a well-formed etching pattern) and
the hypomineralized enamel (with prism
boundaries not clearly delineated) was even
more apparent. The microstructure of the
hypomineralized enamel showed poorer
organization of the hydroxyapatite crystals
within the prisms and wider sheath regions.
In the FPM and the SDM, a clear demar-
cation between the normally developed and
the developmentally affected enamel was
observed under SM, LM, and SEM (Figures
4C and 6C). Furthermore, in both samples,
hypomineralized areas seemed to follow the
incremental lines of Retzius. In the FPM,
as well as in the SDM, no changes in the
structure of the dentine underneath the
hypomineralized enamel was observable.
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DISCUSSION

In this report, we observed poorly formed enamel prisms
and insufficient mineralization of macroscopically MIH-
affected enamel. Hypomineralized areas spread from the
DE]J towards the surface of the dental crown. The results co-
incide with a publication on the typical histology findings in
MIH-affected FPMs [5]. Regarding the extent of hypomin-
eralization, aberrant areas may only be present in the inner
layers of the enamel, at the DEJ, or may include almost the
whole enamel thickness [6]. In the yellow-brownish MIH-
affected enamel, the entire thickness of the enamel is usually
affected [7]. If the surface of the crown remains intact, the
surface of the enamel is better mineralized compared to the
deeper layers of the enamel. This is attributed to the final
mineralization of the enamel after the eruption of the tooth
[6]. The porosity of hypomineralized enamel enables the
penetration of bacteria into the dentin, although the tooth
surface is clinically intact. The bacteria in the dentinal tu-
bules provoke an inflammatory reaction in the pulp, which
consequently contributes to the hypersensitivity of MIH
teeth [8]. Hypomineralized molars are also more prone to
caries than those without developmental impairment, can
cause serious restorative problems, and often even need to
be extracted due to the extent of developmental disruption
and treatment complications [9].

In this study, obtained results of chalky-like whitish
patches on SDM also confirmed a poorer histological
structure and enamel hypomineralization. We observed
an aberrant histology of the affected enamel, which is
similar to a recently published article [10]. In both the
FPM and the SDM specimens, there were clear demarca-
tions between aberrant and normal enamel. However, the

REFERENCES

1. Weerheijm KL, Jalevik B, Alaluusua S. Molar-incisor
hypomineralisation. Caries Res. 2001;35(5):390-1.

2. Sahlstrand P, Lith A, Hakeberg M, Norén JG. Timing of
mineralization of homologues permanent teeth--an evaluation
of the dental maturation in panoramic radiographs. Swed Dent J.
2013;37(3):111-9.

3. Weerheijm KL, Duggal M, Mejare |, Papagiannoulis L, Koch
G, Martens LC, et al. Judgement criteria for molar incisor
hypomineralisation (MIH) in epidemiologic studies: a summary of
the European meeting on MIH held in Athens, 2003. Eur J Paediatr
Dent. 2003;4(3):110-3.

4, Garot E, Denis A, Delbos Y, Manton D, Silva M, Rouas P. Are
hypomineralised lesions on second primary molars (HSPM) a
predictive sign of molar incisor hypomineralisation (MIH)? A
systematic review and a meta-analysis. J Dent. 2018;72:8-13.

5. Fagrell TG, Salmon P, Melin L, Norén JG. Onset of molar incisor
hypomineralization (MIH). Swed Dent J. 2013;37(2):61-70.

6. Fearne J, Anderson P, Davis GR. 3D X-ray microscopic study of
the extent of variations in enamel density in first permanent
molars with idiopathic enamel hypomineralisation. Br Dent J.
2004;196(10):634-8; discussion 25.

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):370-374

extent of hypomineralization was more severe in the FPM
than in the SDM. This was not surprising since, as a rule,
clinically MIH-like aberrations on SDMs are less severe
than on FPMs [4]. A recently published systematic review
of studies performed on extracted teeth diagnosed with
MIH found a reduction in mineral quantity and quality
in the MIH-affected enamel compared with unaffected
enamel [11]. Furthermore, MIH-affected enamel showed
less dense prism structure, loosely packed crystals, more
marked inter-prismatic space, wider sheath regions, and
abnormal etching pattern compared to normal enamel.

In conclusion, early diagnostics and proper treatment
of the MIH-affected enamel is of the utmost importance.
Especially in cases of severe MIH, the failure to diagnose
the disease early or delaying the necessary treatment may
lead to additional complications that can result in the loss
of tooth vitality or even of a tooth. The predictive factor for
MIH disease of non-erupted FPMs can also be clinically
detected in the MIH-like developmental impairment of
SDMs; not only those with PEB but also with demarcated
chalky hypomineralization defects on the surface of its
tooth crown.
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PaSBOjHa xunomm-lepanmau,uja I'I'IET)M npsor CTaJiHOr U Apyror mae4yHor mojiapa —

npuKas aga 6onecHukKa

Jlyka XoueBap', 3opaH MaHguHuh? JeneHa MaHauh?, AneHka Masnuy'?

'YHuBep3utet y JbybrbaHu, MeguunHckin Gakyntet, Katepa 3a Aeyjy 1 npeBeHTMBHY cTomaTonorujy, JbybrbaHa, CoBeHuja;
2YHuBep3uTet y beorpapy, CromatonoLuku dakyntet, KnuHuKa 3a Aeujy 1 npeBeHTrBHY cTomatonorujy, beorpag, Cpbuja;
3YHNBeP3UTETCKI MEAULIMHCKN LeHTap JbybrbaHe, JenuHumua 3a Aedjy v npeBeHTUBHY cTomatonorujy, JbybrbaHa, CnoBeHuja

CAXETAK

YBop XunomnHepanusaumja mosiapa v MHLM31Ba Pa3BOjHO
je owTeheme 3ybHe rnehu Koja noraha jeaaH fo cea yeTupu
npBa CTajiHa Monapa, a YecTo u ctanHe cekytunhe. Abepauuje
rnehu BUae ce Kao orpaHnyeHa 3amyherba pa3nuumtux 6oja
(op 6ene po cmehe) nnu Kao NocTepynTMBHY rybuTak rnehu.
ClIMYHN KAMHUYKI MATONOLIKM 3HAaKOBU MOTY BUTW MPUCYTHU
1 Ha MJIeYHUM MOJTaprMa.

Mpukas 6onecHnKa Xvictonoruja Nnpeor CTanHor Mosapa v apy-
ror MfieYHOr Mosiapa V3BefeHa je HaKoH LUTO Cy 3ybu ekcTpa-
XOBaHW 360r 3ana/beHCKIX KOMMMKaLuja Kof ABa bonecHrKa
ca XMMOMMHepanu3aLmjom monapa u nHYM3mea. Xmctonoruja
3y6a aHanm3upaHa je y3 nomoh ctepeo-M1MKpPOCKona, CBET/IOC-

DOI: https://doi.org/10.2298/SARH200206017H

HOT MUKPOCKOMNa 1 CKeHUpajyher enekTpoOHCKOr MUKpOcKona.
[ebrbuHa rnehn oba obonena monapa 6una je HopmanHa. Yo-
UeHa je jacHa pasnuka y MUKpocTpyKTypu rnebu nsmehy Hop-
MaJiHO pa3BljeHe 1 XUMOMMHepanu3oBaHe rnehu ca ctepeo-
MWKPOCKOMOM, CBETSIOCHUM MUKPOCKOMOM U CKeHUpajyhium
€NeKTPOHCKVM MUKPOCKOMOM.

3aksbyuak Kog 6onecHuKa ca XunomyrHepanusaLyjom Mona-
pa 1 MHLM3MBa PefOBHM CTOMATOJOLWKM npernes omoryhasa
paHy gujarHo3y 6onectu 1 ogrosapajyhe neueme nayujeHarta
y Hajkpahem Moryhem poky, y3 yKibyueHe NpeBeHTUBHE Mepe.

KrbyuHe peun: xunomvmHepanvsaLuja Mosiapa 1 MHUW3MBa;
rneh; NpBw CTanHy Monap; 4pyrv MAeYHN Monap; XUCTonoruja
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SUMMARY

Local allergic rhinitis is a new rhinitis phenotype characterized by symptoms similar to allergic rhinitis,
in non-atopic patients with a positive nasal allergen provocation test (NAPT). The disease is diagnosed
in over 25% of non-atopic patients with rhinitis, marked as non-atopic rhinitis. It most often has peren-
nial and severe symptoms and a progressive course. It is often associated with conjunctivitis and/or
asthma. It is necessary to consider local allergic rhinitis in patients with non-atopic rhinitis. The gold
standard for diagnosis is a positive NAPT. Pharmacological therapy fails to stop the natural progression
and development of comorbidities. Allergen immunotherapy reduces the symptoms, consumption of
medicines and increases the tolerance to allergens responsible for local allergic rhinitis. New studies are
needed to confirm the curative effects and evaluate the preventive effects of allergen immunotherapy.

Keywords: local allergic rhinitis; diagnosis; therapy

INTRODUCTION

Local allergic rhinitis (LAR) is a new rhinitis
phenotype, defined and introduced into clini-
cal practice by Campo et al. [1] and Rondon
et al. at the end of the previous decade [2-4].
The base of LAR is a localized allergic reaction
limited to the nasal mucosa, in the absence of
systemic atopy. Patients have seasonal or pe-
rennial symptoms similar to allergic rhinitis
(AR), without signs of atopy. To date, research-
ers have elucidated the etiology, underlying
mechanisms, clinical features, and provided
guidelines for the diagnosis and treatment.
Most commonly, LAR has severe symptoms
and progressive course, and is often associat-
ed with other inflammatory diseases, such as
conjunctivitis and/or asthma. The continuous
progression of the disease and poor response
to pharmacological therapy significantly de-
crease the quality of life of these patients [5,
6, 7]. Considering that chronic rhinitis affects
more than 30% of the population, of whom at
least a quarter are patients with LAR, it is clear
that this disease represents a huge financial
burden on the health system. The character-
istics of LAR impose the need for recognition,
timely diagnosis, and effective treatment [8].

RHINITIS CLASSIFICATION

Rhinitis has been traditionally classified as
infectious, non-infectious, and mixed rhini-
tis. This traditional classification of rhinitis is
based on etiological criteria [8]. Non-infectious
rhinitis is the most frequent chronic rhinitis,

which divides into AR and non-allergic rhinitis
(NAR). This division is also etiological and re-
lies on the atopy characteristics: the presence of
a positive skin prick test and/or allergen-specif-
ic IgE in serum. NAR is characterized by symp-
toms of chronic rhinitis, a negative skin prick
test, and the absence of allergen-specific IgE
in serum. NAR forms a heterogeneous group,
divided into several phenotypes. The most im-
portant phenotypes with known etiology are
drug-induced rhinitis, hormonal imbalance-
induced rhinitis, occupational, gustatory, and
rhinitis in the elderly. NAR of unknown eti-
ology includes rhinitis with eosinophilia syn-
drome and idiopathic rhinitis. AR is a unique
phenotype, which has characteristic symptoms
and positive signs of atopy: skin prick test and/
or allergen-specific IgE in serum. By isolating
LAR, the traditional dichotomous division of
non-infectious rhinitis has been “demolished.”
The recognition of this new phenotype of rhi-
nitis, which does not have any sign of atopy;,
enabled its separation from NAR, where it was
unjustifiably classified. In the new classifica-
tion of non-infectious rhinitis, LAR is labeled
as new AR phenotype and it is added to a group
of AR, together with atopy AR. This change is
of great importance. It allows patients with LAR
to be recognized and treated more efficiently
[8-11].

LOCAL ALLERGIC RHINITIS DEFINITION

LAR is a new and distinct rhinitis phenotype
characterized by symptoms of AR, in patients
with a negative skin prick test and the absence
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of serum-specific IgE directed to inhalant allergens, but
with a positive nasal allergen provocation test (NAPT) [1,
2, 3]. Therefore, these patients do not have indicators of
atopy [5]. The main cause of disease is allergic response
to inhalant allergens restricted to the nasal mucosa. This
is also called “entopia,” which distinguishes these patients
from patients with AR and atopy [10, 11, 12, 13].

EPIDEMIOLOGY

Non-infectious rhinitis is a global health problem, with a
frequency exceeding 30% of the general population and of
great medical, economic, and social importance [14]. Until
LAR was recognized, it was estimated that approximately
half of these patients had NAR, based on the absence of
signs of atopy. With the knowledge that LAR also does not
have signs of atopy, because it was not distinguished from
NAR, these two groups of rhinitis were marked as non-
atopic rhinitis. This has attracted a great deal of research-
ers attention. Over the past decade, numerous epidemio-
logical and clinical studies have indicated a high incidence
of LAR in patients with non-atopic rhinitis, in the range
of 50-75% [15]. Some studies indicate greater representa-
tion in the Mediterranean than in Northern Europe or in
some Asian countries [16, 17, 18]. The most recent sys-
temic and meta-analysis of selected studies indicates that
the incidence of LAR in adults with non-atopic rhinitis is
about 25%. The incidence is higher if positive NAPT is
not the only criteria for diagnosis, but there are also symp-
toms suggestive of AR [19]. The prevalence in the elderly
is estimated at 21% [20]. Despite this knowledge, there is
an opinion that LAR is underdiagnosed, i.e., that a large
number of these patients remain unrecognized [15, 20].

PATHOPHYSIOLOGY

The first evidence of exclusively local production of spe-
cific IgE in the nasal mucosa in individuals with non-atopic
rhinitis was documented in 1975. In the nasal secretion of
patients with symptoms of AR and negative outcome of
allergic tests, Hugins and Brostof were the first to detect
specific IgE directed to dust mites Dermatophagoides ptero-
nyssinus [21]. Later, at the beginning of the 21st century,
the infiltrates of IgE-positive cells in the nasal mucosa was
also detected in individuals with atopic and non-atopic
rhinitis [22]. Following the isolation of LAR, a new term
“entopia” was introduced to highlight the basic feature of
the new rhinitis phenotype, exclusively the local synthesis
of specific IgE in the nasal mucosa [12].

The underlying pathophysiological mechanism of LAR
is anaphylactic hypersensitivity, mediated by helper T lym-
phocytes, cytokine phenotype 2, and allergen-specific IgE
directed to common inhaled allergens. A direct conse-
quence of the allergic response, triggered by environmen-
tal allergens, is the development of type 2 inflammation,
restricted to the nasal mucosa [23, 24, 25]. After natural
exposure to allergens from the external environment or
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after NAPT, there is a transient increase in tryptase con-
centration and a progressive increase in the concentration
of specific IgE, the number of eosinophils and the eosino-
phil cationic protein in the nasal secretion. The allergic
inflammation thus originated has all the features of eosino-
philic inflammation and a similar cell phenotype to that of
AR. Allergic inflammation in both cases is characterized
by a high content of eosinophils, basophils, mast cells and
helper lymphocytes T, cytokine phenotype 2 [23, 26].

In subjects with AR, local synthesis of specific IgEs, after
exposure to environmental allergens, is potent, rapid and
results in complete sensitization of nasal mucosal effector
cells. Specific IgEs bind to their high-aftinity receptors on a
number of resident effector cells (mast cells, eosinophils, T
and B lymphocytes) with Fc fragment. However, a large por-
tion of locally synthesized specific IgE remains free, enters
the systemic circulation, and sensitizes circulating basophils
and subsequently other resident cells, such as skin mast cells
and other cells. After the saturation of high-affinity recep-
tors on the resident cells of numerous tissues and organs, a
free fraction of specific IgE appears in the serum [14, 27].

Unlike AR, there is no direct evidence that the same
process occurs in patients with LAR. In these individuals,
it is assumed that locally synthesized specific IgEs, after
saturation of the high-affinity receptors on resident cells
of the nasal mucosa, enter the systemic circulation only to
a small extent. The systemic fraction of specific IgE sensi-
tizes circulating basophils but no other resident cells, nor
does it appear as a free fraction in serum. In support of this
assumption is the positive outcome of a basophil activation
test and a positive response to allergen immunotherapy
(AIT) in patients with LAR [28, 29, 30].

Despite pathogenetic similarities, the precise patho-
physiological mechanisms and role of specific IgEs in LAR
are still insufficiently known. It remains unclear why most
patients with symptoms of AR develop systemic sensitiza-
tion (atopy), while a far smaller number develop only a
local allergic response [31].

CLINICAL CHARACTERISTICS

LAR is an isolated, independent, and well characterized
rhinitis phenotype. The most commonly affected individu-
als are young adults, in whom disease has a chronic course
with a tendency to worsen. Patients most often have peren-
nial, moderately severe to severe rhinitis that is difficult to
control [14-18]. Dust mites and molds are major causes
[32]. One of the main features of this rhinitis phenotype is
its independence. In a large study by Rondon et al. [7], a
10-year follow-up of over 190 adolescents and adult subjects
with LAR recorded a low conversion rate to atopic AR. This
conversion rate did not differ from the general population.
This confirmed the independence of this phenotype with
evidence that LAR is not an initial stage in the development
of atopic AR. Regardless of the age at which it occurs, it
always has a progressive course that leads to a continual
exacerbation of the disease. The exacerbation is manifested
by the following: worsening of symptoms with extension of
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their duration and a greater need for medication, a decrease
in the tolerance threshold for allergen exposure, the emer-
gence of new local sensitizations and comorbidities, most
commonly conjunctivitis and asthma. The most intense
period of exacerbation is the first five years of the disease
[7]. An inevitable consequence of such a clinical course is a
decrease in the quality of life of these patients. A typical pa-
tient with LAR is a younger non-smoker, who has perennial
rhinitis, often associated with symptoms of conjunctivitis
and asthma. Compared to patients with NAR, these patients
are significantly younger, with more severe symptoms and
a positive family history of atopy [15].

LOCAL ALLERGIC RHINITIS AND ASTMA

Some studies by Spanish authors indicate that LAR is a
risk factor for asthma in non- atopic individuals [33, 34].
These patients often have symptoms associated with the
lower respiratory tract indicating asthma. It is estimated
that 20-47% of patients report typical asthma symptoms,
while half of patients have a positive methacholine test and
a confirmed diagnosis of asthma. The association of LAR
with asthma has been observed at the outset of the disease,
and this association has steadily increased over time, with a
tendency to exacerbate asthma symptoms and pulmonary
function [7, 34]. This conclusion is also indicated by the
results of a large and to date the only long-term, 10-year
follow-up study of patients with LAR. In this study, less
than 19% of patients with associated asthma symptoms
were registered at the onset of the disease; after 10 years,
the incidence increased to over 30%. The fastest and the
highest rate of progression to asthma was during the first
five-year period of the disease. There was also a significant
increase in emergency room interventions, physician visits,
and impaired pulmonary function. This study confirms the
natural, progressive course of LAR and its association with
asthma [7]. The nature of this close association has been
the subject of intense research in recent years. Recent stud-
ies show that as many as 28% of patients with LAR, due
to hypersensitivity to dust mites and confirmed asthma,
have a positive outcome of specific bronchoprovocation
test with Dermatophagoides pteronyssinus, followed by
worsening asthma and increased non-specific bronchial
hyperreactivity. Analysis after the test showed a significant
increase in the number of eosinophils, monocytes, and the
concentration of eosinophilic cationic protein in induced
sputum, but not in peripheral blood. The cell content did
not differ from that in allergic asthma. This finding in-
dicates that the development of eosinophilic inflamma-
tion in the bronchial mucosa is the basis of asthma, in
patients with LAR [34]. This is a direct confirmation of
the existence of allergic asthma in persons with non-atopic
constitution. The results of this study reinforce the ear-
lier findings of local synthesis of specific IgE in bronchial
mucosa, as well as the increase in IgE concentration in
induced sputum after a specific bronchoprovocation test
in patients with non-atopic asthma [33, 34]. These studies
confirm that etiology of asthma in patients with LAR is a
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localized allergic inflammation of the bronchial mucosa.
For these reasons, asthma in these patients has been called
local allergic asthma, in an effort to isolate a new phe-
notype of allergic asthma in individuals with non-atopic
constitution [34]. These findings further confirm the con-
cept of united airway diseases, by unequivocal evidence of
the pathophysiological connection between LAR and local
allergic asthma [35-39].

LOCAL ALLERGIC RHINITIS AND CONJUNCTIVITIS

Patients with LAR often experience itching in the eyes,
redness, and increased tearing. Eye symptoms are more
common in patients with local sensitization to various
pollen species than in those with local sensitization to
household dust mites. In these patients, the presence of
IgE in tears was demonstrated, which prompted a group
of Japanese researchers to suggest a new term - local al-
lergic conjunctivitis. A large number of mast cells, T and
B lymphocytes, are present in the epithelium of the con-
junctiva, and in allergic conjunctivitis there are resident B
cells that synthesize specific IgE that sensitizes mast cells in
the conjunctiva. However, it is still unclear whether ocu-
lar symptoms in LAR are due to local sensitization of the
conjunctiva or activation of the naso-ocular reflex, after
exposure of the nasal mucosa to inhaled allergens [40].

DUAL ALLERGIC RHINITIS

Following the discovery of LAR, its association with AR
and coexistence in the same atopic person was observed.
This phenotype is called dual allergic rhinitis. It is charac-
terized by the presence of symptoms of AR, that are conse-
quence of both local sensitization of the nasal mucosa i.e.,
entopic to certain allergens and systemic sensitization, i.e.,
atopy to other inhalation allergens. The number of these
patients in clinical practice is not negligible, and trials are
yet to define this latest rhinitis phenotype more closely
[41, 42].

LOCAL ALLERGIC RHINITIS IN CHILDREN

A significant number of adolescents and adults with LAR
associate their first symptoms with childhood. For these
reasons, a number of studies indicate the need to include
LAR in a differential diagnosis in children with chronic
rhinitis. This remark is justified by the systematic analysis
of several studies on over 250 pediatric patients with sus-
pected LAR with a prevalence of positive NAPT of 16.1%
[15]. Recent studies conducted on nearly 400 pediatric
patients, some of whom with multiple NAPT, confirm
LAR in a wide range of 37-67% of children. The highest
incidence is in western countries, with the often-associated
atopic dermatitis and conjunctivitis as the most common
comorbidities. The evolution and clinical characteristics of
LAR in children are still under investigation [43, 44, 45].
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DIAGNOSIS

LAR should always be considered in patients with symp-
toms of AR, but without evidence of atopy. Recognition
and early diagnosis are crucial for the timely introduction
of therapy, symptom control, and comorbidity prevention.
Diagnostic procedure involves a detailed patient history
and examination, tests to prove atopy and allergic response
of the nasal mucosa, provident their correlation with nat-
ural allergen exposure and exclusion of other potential
causes of rhinitis [1, 3, 5, 9-12]. The history and examina-
tion of patients suspected to LAR is characterized by the
symptoms and the look of patient that are characteristic
of AR. However, these patients do not have a positive skin
prick test nor specific serum IgE to common inhaled aller-
gens. When there is doubt, other causes of rhinitis should
be ruled out. The gold standard for the diagnosis of LAR
is NAPT with selected allergen (or allergens) suspected
to be responsible for the onset of the symptoms. People
with a negative outcome of NAPT definitely have NAR. A
positive outcome of NAPT indicates that the allergen that
triggers allergic inflammation in the nostril mucosa under
laboratory conditions is responsible for the symptoms of
the disease. The connection of symptoms in positive NAPT
with natural exposure to the same allergens clearly con-
firms that the given allergen is responsible for LAR [1, 5,
25,41, 44, 46]. NAPT is characterized by high sensitivity,
specificity, and reproducibility. The performance of this
test should be entrusted to trained personnel in special-
ized institutions using standardized protocols. Under these
conditions, performing NAPT is safe and reliable [43, 46].
In recent years, protocols have been developed to perform
two or more NAPT at a single visit to a diagnostic unit,
thus shortening diagnosis [7, 40]. Testing concentration of
specific IgE in the nasal secretion and a basophil activation
test were also developed. However, the low sensitivity of
these assays and poor reproducibility still precludes their
routine application [5, 44].

THERAPY

Contemporary therapy of LAR is based on well-known
strategies for treating AR, relying on the immune and
clinical similarities of these two phenotypes [1, 5, 47, 48].
Considering that avoiding causative allergens is difficult to
implement in practice and that there are no official recom-
mendations for AIT, treatment relies on patient education
and pharmacological therapy. The goal of therapy is to
control the symptoms and prevent disease progression.
To date, there are no studies evaluating the efficacy of
leading controllers, oral antihistamines, and intranasal cor-
ticosteroids in LAR. Experience indicates a similar short-
term effectiveness of these drugs in the control of AR and
LAR [5,9, 13]. However, more recent studies, with long-
term monitoring of the effectiveness of pharmacological
therapy, show different results. In patients with LAR, in a
10-year period, there was a significantly increased need
for oral and intraocular antihistamines with a progressive
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increase in the use of intranasal and oral corticosteroids.
At the same time, there was a worsening of symptoms,
decreased tolerance to allergens responsible for the symp-
toms, and development of associated asthma symptoms.
The results of a long-term trial show that pharmacological
therapy, however, fails to control the symptoms and stop
the natural progression of LAR, exacerbation, and develop-
ment of comorbidities, primarily asthma [1, 8].

The similarity between LAR and AR phenotype and
the proven efficacy of AIT in AR, have led researchers to
apply AIT in LAR. Regardless of the absence of official
recommendations, AIT was chosen as the best choice to
the naturally progressive course of LAR. The experience is
based on a total of four studies evaluating the short-term,
clinical, and immunological effects of subcutaneous immu-
notherapy (SCIT) in LAR. All four studies were conducted
using standardized allergen extracts, one observational
and three randomized, double-blind, placebo-controlled
studies, on a total of 140 subjects [2, 27, 28, 29].

The first study and the first official administration of
AIT in LAR, was published by Rondon et al. [27] in 2011.
They conducted an open-label, observational study, in pa-
tients with moderately severe seasonal LAR due to grass
pollen hypersensitivity. In this study, they demonstrated
that SCIT with a grass pollen mixture in the preseason pro-
tocol (six months), has beneficial clinical and immunologi-
cal effects. Subjects who underwent SCIT had significantly
fewer symptoms and lower drug consumption compared
to the pre-SCIT season. These patients also achieved a sig-
nificantly greater number of medication-free days than the
control group, treated only with pharmacological therapy.
During SCIT, patients significantly increased the tolerance
of the nasal mucosa to the grass pollen. Clinical effects
were accompanied by a significant increase in serum-
specific immunoglobulin G4 (IgG4) concentration [27].
Although these results were impressive, the value of the
study significantly diminishes its experimental design. For
this reason, the same group of authors subsequently pub-
lished two randomized, controlled studies, focusing on the
clinical and immunological effects of SCIT in seasonal and
perennial LAR. The results of these studies show that the
two-year of SCIT with allergenic extract Phleum pratense
in seasonal and Dermatophagoides pteronyssinus in peren-
nial LAR also had beneficial clinical and immunological
effects. Subjects receiving SCIT significantly reduced the
combined symptom drug score, with significant increase
of medication-free days and nasal mucosal tolerance to
grass pollen and Dermatophagoides pteronyssinus. After the
SCIT termination, as much as 50% of the treated patients
tolerated maximum concentrations of allergens in labora-
tory conditions when performing NAPT. Beneficial clinical
effects have been confirmed by improving the quality of
life of these patients. The overall clinical effects of SCIT
were also accompanied by a significant increase in specific
IgG4 concentration in the serum [2, 28]. Similar effects of
SCIT in LAR were confirmed in the randomized clinical
study by Bozek et al. [29].
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CONCLUSION

The rejection of the traditional conception of equalization
of the allergic etiology of rhinitis with atopy changed the
understanding and approach to patients with non-atopic
rhinitis. The outcome of this change is LAR, the discovery
of which was undoubtedly a major step forward in allergol-
ogy at the beginning of the 21st century. Unfortunately,
due to the low availability of NAPT in clinical practice,
many cases remain unrecognized. It is necessary to in-
clude NAPT in the diagnostic algorithm of chronic rhinitis
as soon as possible, as well as to better equip diagnostic
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units of airway allergic diseases. The disease has a progres-
sive course, tends to worsen, cause the comorbidities and
poor response to pharmacological therapy. The experience
gained with AIT is positive and encouraging. Therefore,
there is optimism that this causal therapy has the ability to
slow and/or stop the progressive course of LAR and facili-
tate the disease control. New studies are needed to confirm
existing curative effects and to evaluate the long-term pre-
ventive effects of AIT. LAR remains a major challenge for
all physicians dealing with allergic airway diseases.
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JIOKanHU aneprujckm pUHUTUC — BEIMKU M3a30B Y KIMHWUKO]j NPaKCK

Pajuua Crowoswh'?, BecHa Tomuh-Crinpuh'>

'YHUBep3nTETCKN KNMHMYKY LeHTap Cpbuje, KnuHuka 3a anepronorujy n nmyHonorwjy, beorpag, Cpbuja;

2YHuBep3uTeT y beorpapy, MegnumHckn dakyntet, beorpag, Cpbuja

CAXETAK

JloKanHu aneprujcku PUHUTIC je HOBU GeHOTUN PUHUTMCA KOjU
ce ofnvKyje CUMMNTOMIMA CIIMYHIM aneprijckoM PUHUTUCY,
6e3 nokasaTtesba aTonuje anv ca NO3UTUBHNUM CrendUIHUM
PUHONPOBOKALMOHUM TeCTOM. bonecT ce anjarHOCTUKYje Kog,
npeko 25% HeaToNMjCK1X NaLmjeHaTa ca PUHUTCOM, Ha3BaHUM
HeaTonujckn puHNTKC. Hajuelwhe nMa nepeHujanHe 1 uspaxeHe
CUMMTOME ¥ NPOrpecrBaH TOK. YecTo je yapyKeH ca KOHjyKTu-
BUTUCOM W/WNI aCTMOM. JIOKanH1 aneprujcku pUHUTIC Tpebda
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06aBe3HO Pa3MOTPUTY KOA 0COba ca HeaToMMjCKUM PUHWUTIICOM.
(apmakornoLuKa Tepanuja He ycneBa fa 3aycTaBu Nporpecujy u
pa3Boj kKomopbuauTeTa. AnepreHcka MMyHoTepanuja ymarbyje
CYMMTOME, MOTPOLLHY NIeKoBa 1 nosehasa ToepaHLUujy Ha
anepreHe o4roBOPHe 3a JIoKaHW aneprjcku puHnTUC. Motpeb-
He cy HoBe CTyAwje Koje he noTBpAMTY NocTojehe 1 NpoLeHUTM
npeBeHTVBHE edeKTe anepreHcke MMyHoTepanyje.

KrbyuHe peuu: noKanHu aneprujcku pUHUTUC; AnjarHo3a; Te-
panuja
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Oral changes in patients before and after
transplantation of solid organs and hematopoietic
stem cells

Olivera Jovi¢i¢, Jelena Mandi¢, Zoran Mandini¢, Aleksandra Colovi¢

University of Belgrade, School of Dental Medicine, Clinic for Pediatric and Preventive Dentistry, Belgrade,
Serbia

SUMMARY

Introduction/Objective The aim of this paper is to point out the prevalence and severity of oral diseases
in patients in the period before and after the transplantation of solid organs and hematopoietic stem cells.
Methods MEDLINE literature search was done via PubMed.

Results The development and improvement of transplantation medicine in specialized centers lead to an
increasing number of patients, both adults and children, with transplanted solid organs and hematopoietic
stem cells. Despite the success of therapy, numerous changes and complications can be observed on
other organs in patients undergoing transplantation of solid organs and hematopoietic stem cells in the
pre- and post-transplant phase. Systemic diseases and conditions related to organ and cell transplantation,
which are accompanied by numerous oral manifestations. The most common oral changes are gingival
enlargement, desquamation of the oral epithelium, very painful ulcerations, polypoid and granulomatous
changes in the oral mucosa, hard dental tissues with frequent complications, developmental anomalies of
teeth in younger children, and in the later stage also the occurrence of oral cancer. After transplantation
of solid organs, hematopoietic changes in the oral cavity and other organs occur depending on the
patient’s post-transplantation period as well as on the applied immunosuppressive therapy.
Conclusion Oral changes development before and after transplantation of solid organs and hematopoietic
stem cells point to the importance of timely and competent cooperation between the dentist and the

doctor who treats the underlying disease.

Keywords: organ transplantation; hematopoietic stem cell transplantation; oral diseases

INTRODUCTION

Transplantation of solid organs is a mostly sur-
gical therapeutic method by which the non-
functioning organs are replaced with healthy
ones. It is applied in treatment of various dis-
eases that lead to permanent damage to the
function of certain organs. Transplantation
of hematopoietic stem cells is most frequently
carried out in the treatment of the most severe
forms of hematological diseases and some
forms of malignant tumors. Transplantation
of solid organs and hematopoietic stem cells
is a demanding and complicated process that
requires the engagement of a multidisciplinary
team. For the success of this procedure, a
comprehensive preoperative and postopera-
tive management of the patient is extremely
important. Owing to significant discoveries in
the field of transplantation medicine, as well
as comprehensive multidisciplinary treatment
of patients in the peritransplantation period,
long-term survival without symptoms of the
basic disease is enabled. Transplantation of
solid organs and hematopoietic stem cells sig-
nificantly influenced the length and quality of
life of patients [1].

In patients with transplanted organs and cells,
despite the success of the therapy, numerous

changes can be observed on other organs and
systems. The risks and adverse effects of trans-
plantation on other organs occur depending on
the duration of the underlying disease, general
state of the organism, the presence of another
chronic illness, the applied therapy, or the age
of the patient. These changes can be diagnosed
in the pre- and post-transplant phase. Changes
affecting soft and hard tissues of the oral cavity
are among the most widespread changes. The
most common oral changes include gingival
enlargement, periodontal diseases, desquama-
tion of the oral epithelium, very painful ulcer-
ations, polypoid and granulomatous changes
in the oral mucosa and in the later stages, as
well as the occurrence of oral cancer [2, 3]. Due
to the extensive accumulation of oral biofilm
and the presence of mineralized deposits on the
teeth, these patients are also suffering from dis-
eases of hard tooth tissues with frequent com-
plications. Changes in the form of obliteration
and calcification can occur in the pulp cavity.
In children, where the processes of odonto-
genesis have not yet been completed, devel-
opmental anomalies of hard dental tissue may
occur. These anomalies are more pronounced
and more frequent in younger children in early
stages of odontogenesis. Hypoplastic enamel
changes, delayed tooth eruption, endogenous
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changes in tooth color, as well as changes in the develop-
ment of the roots of primary and permanent teeth are the
most commonly occurring anomalies [4-7].

After transplantation of solid organs and hematopoi-
etic stem cells, changes in the oral cavity and other organs
occur depending on the transplantation period in which
the patient is as well as on the applied immunosuppres-
sive therapy. Due to frequent oral diseases in the peri-
transplant period, dentists are an important part of the
multidisciplinary team participating in the care of patients
in all major transplant centers in the world. Dental treat-
ment is an integral part of the transplantation protocol in
these centers, both during the preparation period and after
transplantation [1, 8].

The most numerous are patients with transplanted cells,
that is — hematopoietic stem cells, followed by patients
with kidney and liver transplants, in regard to solid organ
transplantation.

SOLID ORGAN TRANSPLANTATION

Numerous chronic kidney diseases represent major health
problems all over the world. A progressive decrease in re-
nal function or organ failure is usually a consequence of
various chronic diseases that lead to nephron damage and
glomerular filtration reduction. The therapy of these con-
ditions implies the application of hemodialysis, peritoneal
dialysis, and organ transplantation [9]. Also, chronic liver
diseases of different etiologies, permanent damage to the
function and numerous consequent complications repre-
sent indications for liver transplantation.

Oral changes before transplantation of solid organs

Chronic renal diseases are accompanied by frequent clini-
cal manifestations on other organs and systems, or other
chronic diseases, among which poorly controlled diabetes
and cardiovascular diseases are the most common. In addi-
tion, the adverse effects of numerous drugs and therapies
have resulted in a wide spectrum of various oral manifes-
tations in about 90% of patients with renal insufficiency
[10]. Chronic liver diseases and permanent damage to the
functions of this organ often lead to the occurrence of
oral diseases affecting oral mucous membrane and salivary
glands, gingiva and periodontal tissues, jaw bone, and hard
dental tissue [8].

In patients with renal and hepatic insufficiency, exten-
sive plaque cumulation is observed, as well as the presence
of mineralized deposits on the teeth, gingival inflamma-
tion, spontaneous bleeding or bleeding after gingival prob-
ing, prolonged and increased bleeding after some dental
procedures, gingival recession and loss of the adherent
epithelium, as well as the presence of periodontal pockets
(2, 8, 11]. All this leads to an increased risk of develop-
ing caries. Non-cariogenic damage and the loss of hard
dental tissues in the form of erosion as a consequence of
nausea, esophageal regurgitation and vomiting can be also
observed. Caries in the neck of the tooth crown appears in
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patients with xerostomia. It often occurs in patients who
are on hemodialysis and can also occur due to unwanted
effects of drugs, loss of bodily fluids, reduced fluid intake,
or breathing through the mouth. Long-standing xerosto-
mia favors the formation of caries and inflammation of
the gingiva, complicates speech, chewing and swallowing
of food, as well as the retention of prosthetics. In these
patients, caries complications such as pulp disease with
periapical lesions, acute and chronic dentogenic infections,
and residual roots of decayed teeth often occur. All these
local complications may be the cause of systemic infec-
tions [2]. Chronic liver diseases in children who have not
completed the process of odontogenesis lead to character-
istic greenish endogenous dental staining. Developmental
anomalies of the teeth can be diagnosed in the form of a
delayed emergence of permanent teeth and hypoplastic
structural anomalies of the enamel in children with chronic
kidney disease [3, 12].

Patients with renal insufficiency have a characteristic
uremic fetor. They complain of metal taste in the mouth
and pain caused by the appearance of uremic stomatitis.
Uremic stomatitis is manifested in the form of erythema-
tous-membranous changes, ulcerations, hemorrhagic, and
hyper-parakeratotic changes of the oral mucosa [13, 14].
The changes are prone to secondary fungal, viral and bac-
terial infections. Fungal infections of the Candida albicans
genus are often the cause of opportunistic infections and
occur in the form of pseudomembranous, erythematous
and atrophic lesions at the oral mucosa. More frequent
presence of fungal infections has been identified in pa-
tients with diabetic nephropathy [2, 4]. Viral infections
in patients with renal insufficiency are most commonly
caused by Herpes simplex type 1 virus (HSV1). Poor oral
hygiene, decreased secretion and change in pH of the sa-
liva, altered oral microflora composition, reactivation of
the virus, as well as the disturbed integrity of oral mucous
membranes favor the occurrence of oral bacterial, viral and
fungal infections, their dissemination and the appearance
of systemic infections in patients with renal and liver in-
sufficiency [15]. In addition to the above-described, other
mucosal lesions such as leukoplakia and lichenoid changes
are also frequent in these patients. Patients undergoing
dialysis program are also on anticoagulant therapy, which
increases the risk of enhanced bleeding in the oral cavity.
Chronic renal diseases are often accompanied by anemia
due to the reduction of erythropoietin synthesis, as well
as hemostatic disorders resulting from altered platelet ag-
gregation, which is manifested by spontaneous bleeding
or increased and prolonged bleeding after dental interven-
tions, followed by pallor of oral mucosa and the appearance
of petechiae and ecchymosis [13].

Metabolic disorders, acidosis, hyperphosphatemia, hy-
pocalcemia, and secondary hyperparathyroidism occurring
in 92% of hemodialyzed patients lead to the occurrence of
renal osteodystrophy. Demineralization, reduction in the
number of trabecula and the thickness of the bone cor-
tex are noticed on the jaw bones and temporomandibular
joint. On the tooth-supporting apparatus, these disorders
lead to the loss of the lamina dura, to the expansion of
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the periodontal membrane, and to the large destruction
of periodontium, causing pathological teeth mobility and
their loss [6, 12, 16].

Oral changes after solid organ transplantation

The occurrence of oral changes in patients after transplan-
tation of solid organs is mainly caused by the adverse ef-
fects of various drugs and the presence of infection in the
mouth. Patients with transplanted organs are on long-term
immunosuppressive therapy that reduces the risk of organ
rejection. Immunosuppressants often exhibit adverse ef-
fects such as nephrotoxicity, hepatotoxicity, neurotoxicity,
hypertension, and enlargement of the gingiva. Gingival
enlargement is at the same time the most frequent change
in soft tissue of the oral cavity, which, in addition to the
effects of immunosuppressive therapy, is also favored by
combination of immunosuppressants and some drugs
used for reducing blood pressure, as well as extensive
dental plaque cumulation. Children and adolescents are
particularly prone to these gingival changes [17, 18, 19].
The greatest tendency to gingival enlargement is evidenced
immediately after transplantation and after three months.
Long-term immunosuppressive therapy, most often after
two years, caused appearance of granulomatous changes
in the oral mucosa and dorsal surface of the tongue, en-
largement of the lips, the appearance of angular cheilitis
and fissures on the lips, pigmentation on the oral mucosa
and erythroplakia. Patients complain of dry mouth, mouth
sores, bad odor from mouth, and bleeding gums during
tooth washing [20]. An unusual proliferation of lympho-
cytes in the post-transplant period leads to lymphoprolif-
erative changes in the paranasal cavities, in the oral cavity,
on the larynx and salivary glands [21].

Long-term immunosuppressive therapy, poor oral hy-
giene and untreated oral diseases can be the cause of numer-
ous infections. In patients on immunosuppressive therapy,
even microorganisms that form a normal oral flora can be
the cause of common infections. Various bacterial and fun-
gal infections caused by Candida species are commonly seen
in patients following kidney transplantation. Also, a greater
presence of Herpes simplex virus type 1, Epstein-Barr vi-
rus, and Cytomegalovirus was evidenced in sputum in these
patients. In addition to the fact that these microorganisms
are causes of numerous oral changes and disruption of the
integrity of the oral mucous membranes, there is the pos-
sibility of their dissemination, onset of systemic infection
and the risk of rejection of the transplanted organ [20-24].

The tendency to epithelial dysplasia, occurrence of pre-
malignant and malignant lesions in oral mucosa after organ
transplantation, was also observed. The predisposing local-
ization of malignant lesions is the skin of the head and neck
as well as mouth and lips, with squamous and basocellular
carcinomas being the most common ones. Several factors
lead to the emergence of oral cancer, with long-term appli-
cation of immunosuppressive therapy, inadequate immune
response of the organism to the activation of malignant
cells, and the presence of papillomas and other oncogenic
viruses being most commonly implied [25].
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TRANSPLANTATION OF HEMATOPOIETIC STEM
CELLS

Transplantation of cells, that is — hematopoietic stem cells,
can be allogeneic and autologous. Standard indications for
the hematopoietic stem cell transplantation are inborn and
acquired diseases of the lymphohematopoietic system and
some solid tumors [26, 27].

Oral changes before transplantation of
hematopoietic stem cell

In this period, changes in oral tissues arise as part of the
adverse effects of very aggressive chemotherapy or com-
bined chemotherapy and radiotherapy, which are applied
under various protocols for treatment of the most severe
malignancies. The oral cavity is very sensitive to the direct
and indirect effects of cytotoxic therapy. Direct stomato-
toxicity of cytostatics is a consequence of the non-specific
effect of drugs on cells in the process of division, when
in the addition to malignant cells, healthy cells are also
involved [28, 29]. The tissues with faster cellular cycle are
more extensively affected, including oral tissues with a cel-
lular division cycle of 7-14 days. Cytostatic drugs result in
the reduction of basal layer regeneration of the oral epithe-
lium and occurrence of mucositis most often a week after
the therapy is administered. Buccal mucosa, lips, soft pal-
ate, and the ventral side of the tongue, as well as the floor
of the oral cavity, are usually affected [30]. According to
the World Health Organization criteria for the assessment
of toxic effects of cytostatics on oral tissues, mucositis is
defined in the range from individual painless ulceration
to highly prominent erythema and edema of oral mucosa
with multiple, extremely painful ulcerations that require
the application of enteral or total parenteral nutrition [26,
31, 32]. Mucositis is more common in young people due to
increased mitotic activity of oral epithelial cells in younger
age. The intensity of mucositis depends on the type and
dose of cytostatics, the length of treatment, the individual
sensitivity of the patient, and the condition of the oral cav-
ity before initiation of the therapy [33, 34]. The onset of
mucositis is directly related to the degree of neutropenia
resulting from the effects of cytostatics on the bone mar-
row and their indirect stomatotoxic effect. Owing to their
myelosuppressive action, cytostatics lead to thrombocy-
topenia and granulocytopenia. Thrombocytopenia results
in the onset of petechiae in the oral mucosa and frequent
bleeding in the oral cavity, and granulocytopenia leads
to an increased risk of the occurrence of oral infections
[35]. Due to changes in the oral mucous membrane and
parenchyma of the salivary glands after the application of
therapy for hematologic malignancies, as well as stress,
in the period prior to the tissue and cell transplantation,
reduction in the secretion of stimulated saliva may be ob-
served. Poor oral hygiene and decreased salivary secretion
lead to a greater number of diseased teeth and the higher
prevalence of periodontal disease [10].
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Oral changes after hematopoietic stem cell
transplantation

The causes of early complications in the form of febrile
neutropenia and mucositis are the application of high-dose
chemotherapy or a combination of high-dose chemothera-
py and irradiation of the body in the conditioning regimen
prior to hematopoietic stem cell transplantation, as well as
bone marrow aplasia within the first 3-4 weeks following
transplantation [27, 36]. Pain and bleeding, xerostomia
due to transient dysfunction of the salivary glands, taste
disturbance and hypersensitivity of dentin may appear.
Saliva becomes viscous, resulting in reduced lubrication
of the oral mucosa. The accumulation of dental plaque is
increased, which influences the change in the qualitative
and quantitative composition of the oral microflora. Loss
of antibodies and other antibacterial proteins, changes in
the salivary glycoprotein concentration can compromise
the barrier function of oral mucous membranes and in-
crease the risk of developing infections. Poor oral hygiene,
untreated caries and caries complications, extensive peri-
odontal disease, and dental infections can be the cause of
streptococcal bacteremia in the period immediately follow-
ing the hematopoietic stem cell transplantation [28, 36, 37].

Allogeneic hematopoietic stem cell transplantation is
often accompanied by the onset of graft-versus-host dis-
ease. This disease is a multisystemic immune phenomenon
that occurs due to the immune response of donor immu-
nocompetent T-lymphocytes and recipient cells, and may
have an acute and chronic form. Oral lesions in acute form
are most commonly localized in buccal mucosa, mucous
membranes of lips, in the tongue, hard and soft palate, and
mouth floor in the form of painful, erythematous ulcer-
ations and desquamations. These oral changes may be the
initial manifestations of the acute form of the graft-versus-
host disease [6, 37, 38]. The chronic form of this disease
occurs after 100 days of transplantation of hematopoietic
stem cells. It is associated with painful diffuse erythema,
lichenoid changes, painful ulcerations, and desquamations
of irregular shape, the appearance of papules and muco-
cele on the oral mucous membrane. Oral mucous atrophy
with a feeling of burning and sticking and limited opening
of the mouth is also common [39]. Progressive atrophy
of the salivary glands leads to xerostomia, dysphagia and
dysgeusia, and opportunistic viral, bacterial, and fungal
infections can also occur. Numerous oral changes can be
followed by multiple systemic changes primarily on the
skin, eyes, gastrointestinal tract, and the liver. Oral mucosal
lesions are accompanied by erythematous changes in the
skin, atrophy of the salivary glands, atrophy of the lacrimal
glands, i.e., xerostomia, while limited mouth opening was
accompanied by sclerotic changes on the skin. Chronic
graft-versus-host disease is in approximately one half of
allogenic tissue and cell transplantation the leading cause
of non-relapse mortality [38, 40].

In addition to numerous systemic diseases, several years
after hematopoietic stem cell transplantation, a greater
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distribution of oral diseases is observed: gingival inflam-
mation due to the presence of dental plaque, gingival en-
largement in patients on immunosuppressive therapy and
as a consequence of vascular and fibrotic gingival changes,
increased incidence of caries and significantly higher colo-
nization of Streptococcus mutans and Lactobacilli in saliva
compared to healthy population. The occurrence of oral
squamous carcinoma is also a late complication of hema-
topoietic stem cell transplantation. The etiology of these
malignancies is not fully understood, but it is thought to be
found in long-term immunosuppressive therapy, the pres-
ence of oral lesions in chronic graft-versus-host disease, and
in the presence of oncogenic viruses [25]. In children sub-
jected to high doses of chemotherapy and radiation therapy
during treatment of malignant diseases, more frequent oc-
currence of developmental dental anomalies is observed
several years after the hematopoietic stem cell transplanta-
tion. Structural irregularities in the teeth, mineralization
disorders of hard dental tissues, irregularities in the length
and shape of the teeth roots, reduced tooth crown size, as
well as the lack of a smaller or greater number of teeth may
occur [35, 40].

CONCLUSION

Oral changes are widely distributed both in the period be-
fore and after transplantation of solid organs and hema-
topoietic stem cells, i.e., numerous systemic diseases are
accompanied by pronounced oral manifestations. These
changes with frequent local symptoms impair the quality
of life of patients, aggravate the underlying disease, as well
as the general condition of patients before transplantation
and can significantly disturb the course and outcome of the
transplant itself. It is therefore necessary to point out the
importance and distribution of oral diseases, as well as the
measures that have to be taken to reduce the risk of these
diseases. Good cooperation is needed between dentists and
doctors of other specialties, and adequate dental treatment
should be an integral part of the protocol for the treatment
of patients at each stage before and after transplantation.
The former contributes to the success of the transplant itself,
reduces the negative impact of oral diseases on the course
and outcome of the underlying disease, and significantly
improves the quality of life in the peritransplant period.

ACKNOWLEDGMENT

Olivera Jovic¢i¢ reported a similar topic (oral presentation,
paper not printed) at the Second Congress of Preventive
Dentistry, November 2-3, 2018, Sava Center, Belgrade,
Serbia.

The oral presentation was titled “Prevention of oral
diseases in children with organ transplants.”

Conflict of interest: None declared.

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):381-386



Oral changes in patients before and after transplantation of solid organs and hematopoietic stem cells

REFERENCES

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Radmand R, Schilsky M, Jakab S, Khalaf M, Falace AD. Pre-liver
transplant protocols in dentistry. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2013;115(4):426-30.

Nylund KM, Meurman JH, Heikkinen AM, Furuholm JO, Ortiz

F, Ruokonen HM. Oral health in patients with renal disease: a
longitudinal study from predialysis to kidney transplantation. Clin
Oral Investig. 2018;22(1):339-47.

Sandoval MJ, Zekeridou A, Spyropoulou V, Courvoisier D,
Mombelli A, McLin V, et al. Oral health of pediatric liver transplant
recipients. Pediatr Transplant. 2017;21(7):e13019.

Nylund K, Meurman JH, Heikkinen AM, Honkanen E, Vesterinen M,
Ruokonen H. Oral health in predialysis patients with emphasis on
periodontal disease. Quintessence Int. 2015;46(10):899-907.
Uutela P, Passweg J, Halter J, Weiger R, Waltimo T, Mauramo M.
Common oral diseases in allogeneic haematopoietic stem cell
transplantation (HSCT) recipients pre-HSCT. Eur J Haematol.
2019;102(4):351-6.

Master A, Irimie A, Oprita L, Dima D, Petrushev B, Lucaciu O, et al.
Oral manifestations in stem cell transplantation for acute myeloid
leukemia. Med Hypotheses. 2018;121:191-4.

Stevanovi¢ M, Cvetkovi¢ A, StoSovi¢-Kalezi¢ |, Bukumiri¢ Z,
Milojkovi¢ Z, Martinovi¢ B, et al. Detection of early childhood
caries predictors. Vojnosanit Pregl. 2019; OnLine-First(00):60-60.
doi.org/10.2298/VSP 1811210605

Nascimento SV, Gonzalez AM, Aguiar Roza B, Pimentel CFMG,
Schirmer J, Mucci S, et al. Development of Routine Dental Care for
Liver Transplant Outpatients. Transplant Proc. 2018;50(3):779-83.
Krajewska (Wojciechowska) J, Krajewski W, Zatonski T.
Otorhinolaryngological dysfunction induced by chronic

kidney disease in pre-and post-transplant stages. Eur Arch
Otorhinolaryngol. 2020;277(6):1575-91.

Schmalz G, Patschan S, Patschan D, Ziebolz D. Oral health-related
quality of life in adult patients with end-stage kidney diseases
undergoing renal replacement therapy-a systematic review. BMC
Nephrol. 2020;21(1):154.

Mandic¢ J, Jovanovi¢ S, Mandini¢ Z, lvanovi¢ M, Kosanovi¢ D, Mili¢i¢
B, et al. Oral health in children with special needs. Vojnosanit
Pregl. 2018;75(7):675-81.

Olczak-Kowalczyk D, Gozdowski D, Pawlowska J, Grenda R. The
status of dental and jaw bones in children and adolescents after
kidney and liver transplantation. Ann Transplant. 2012;17(4).72-
81.

Constantinides F, Castronovo G, Vettori E, Frattini C, Artero

ML, Berilacqua L, et al. Dental Care for Patients with End-

Stage Renal Disease and Undergoing Hemodialysis. Int J Den.
2018;2018:9610892.

Dioquardi M, Caloro GA, Troiano G, Giannatempo G, Laino L,
Petruzzi M, et al. Oral manifestations in chronic uremia patients.
Ren Fail. 2016;38(1):1-6.

Reyes U, Spolarich AE, Han PP. A Comprehensive Oral Preventive
Care Protocol for Caring for the Renal Transplant Population. J
Dent Hyg. 2016;90(2):88-99.

Pontes FSC, Lopes MA, de Souza LL, Dos Santos da Mata Rezende
D, Santos-Silva AR, Jorge J Jr, et al. Oral and maxillofacial
manifestations of chronic kidney disease-mineral and bone
disorder: a multicenter retrospective study. Oral Surg Oral Med
Oral Pathol Oral Radiol. 2018;125(1):31-43.

Zahed M, Bahador M, Hosseini Asl MK, Lavaee F, Azad A, Bahador
A. Oro-Dental Health of Patients with Chronic Hepatic Failure. Int J
Organ Transplant Med. 2020;11(3):115-21.

De la Rosa-Garcia, Mondragon-Padilla A. Oral lesions associated to
immunosuppression in kidney transplant patients. Rev Med Inst
Mex Seguro Soc. 2014;52(4):442-7.

Kaswan S, Patil S, Maheshwari S, Wadhawan R, Saudi J. Prevalence
of oral lesions in kidney transplant patients: A single center
experience. J Kidney Dis Transpl. 2015;26(4):678-83.

Osiak M, Szubinska-Lelonkiewicz D, Wychowanski P, Karakulska-
Prystupiuk E, Jedrzejczak W, Wojtowicz A, et al. Frequency of
Pathologic Changes in the Oral Cavity in Patients Subjected to
long-term Pharmacologic Immunosuppressive Therapy After

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):381-386

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kidney, Liver, and Hematopoietic Cell Transplantation. Transplant
Proc. 2018;50(7):2176-8.

Akar Ozkan E, Ozdemir BH, Deniz EE, Tunca MZ, Haberal M.
Posttransplant Lymphoproliferative disorder after liver and kidney
transplant. Exp Clin Transplant. 2014;12(1):142-8.

Sarmento DJD, Tozetto-Mendoza TR, Sumita LM, Pierroti LC, Pallos
D, Caliento R, et al. Oral shedding of human herpesviruses in renal
transplant recipients. Clin Oral Investig. 2018;22(2):885-91.
Mainville GN, Marsh WL, Allen CM. Oral ulceration associated with
concurrent herpes simplex virus, cytomegalovirus, and Epstein-
Barr virus infection in an immunocompromised patient. Oral Surg
Oral Med Oral Pathol Oral Radiol. 2015;119(6):e306-14.
Lopez-Pintor RM, Hernandez G, de Arriba L, de Andres A. Oral
candidiasis in patients with renal transplants. Medicina Oral
Patologia Oral Y Cirugia Bucal. 2013;18(3):381-7.

De Araujo RL, Lykokde F, Funke VA, Torres-Pereira CC. Oral cancer
after prolonged immunosuppression for multiorgan chronic graft-
versus-host disease. Rev Bras Hematol Hemoter. 2014;36(1):65-8.
Boguslawska-Kapala A, Halaburda K, Rusyan E, Golabek

H, Struzycka I. Oral health of adult patients undergoing
hematopoietic cell transplantation. Pre-transplant assessment
and care. Ann Hematol. 2017;96(7):1135-45.

Wong HM. Oral complications and management strategies for
patients undergoing cancer therapy. ScientificWorldJournal.
2014;2014:581795.

Bollero P, Passarelli PC, D'’Addona A, Pasquantonio G, Mancini M,
Condo R, et al. Oral management of adult patients under-going
hematopoietic stem cell transplantation. Eur Rev Med Pharmacol
Sci. 2018;22(4):876-87.

Bowen JM, Wardill HR. Advances in the understanding and
management of mucositis during stem cell transplantation. Curr
Opin Support Palliat Care. 2017;11(4):341-6.

Ivanovi¢ M, Jovici¢ O, Mandic J, Bogeti¢ D, Maddalone M.
Prevencija oralnih oboljenja kod dece obolele od akutne
leukemije. Srp Arh Celok Lek. 2011;139(3-4):242-7.

Ivanovi¢ M, Jovici¢ O, Mandic J, Bogeti¢ D. Oralne promene kod
dece obolele od akutne leukemije. Srp Arh Celok Lek. 2011;139(1-
2):103-6.

Lee YH, Hong J, Kim |, Choi Y, Park HK. Prospective evaluation of
clinical symptoms of chemotherapy-induced oral mucositis in
adult patients with acute leukemia: A preliminary study. Clin Exp
Dent Res. 2020;6(1):90-9.

Damnjanovi¢ T, Mili¢evi¢ R, Novkovi¢ T, Jovici¢ O, Bunjevacki V,
Jani¢ D, et al. Association between themethylenetetrahydrofolate
reductase polymorphisms and risk of acute lymphoblastic
leukemia in serbian children. J Pediatr Hematol Oncol.
2009;32(4):E148-E150.

Kusiak A, Jereczek-Fossa BA, Cichonska D, Alterio D. Oncological-
Therapy Related Oral Mucositis as an Interdisciplinary Problem -
Literature Review. Int J Environ Res Public Health. 2020;17(7):2464.
Ruyssinck L, Toulouse K, Bordon Cueto de Braem V, Cauwels R,
Dhooge C. Impact of Hematopoietic Stem Cell Transplantation

on Dental Development. Biol Blood Marrow Transplant.
2019;25(1):107-13.

Sultan AS, Zimering Y, Petruzziello G, Alyea EP 3rd, Antin JH,
Soiffer RJ, et al. Oral health status and risk of bacteremia following
allogeneic hematopoietic cell transplantation. Oral Surg Oral Med
Oral Pathol Oral Radiol. 2017;124(3):253-60.

lon D, Stevenson K, Woo SB, Ho VT, Soiffer R, Antin JH, et al.
Characterization of oral involvement in acute graft-versus-host
disease. Biol Blood Marrow Transplant. 2014;20(11):1717-21.
Bassim CW, Fassil H, Mays JW, Edwards D, Baird K, Steinberg SM,
et al. Oral Disease Profiles in Chronic Graft versus Host Disease. J
Dent Res. 2015;94(4):547-54.

Colovi¢ A, Jovici¢ O, Stevanovi¢ R, Ivanovi¢ M. Oral health status
in children with inherited dystrophic epidermolysis bullosa.
Vojnosanit Pregl. 2017;74(7):644-51.

Gomes CB, Treister NS, Miller B, Armand P, Friedland B. Pulp
Obliteration in a Patient with Sclerodermatous Chronic Graft-
versus-Host Disease. J Endod. 2016;42(4):678-80.

www.srpskiarhiv.rs

385



386

Jovici¢ O. et al.

OpanHe NnpoMeHe Kog nauujeHaTa npe U nocae TpaHcnAaHTauuje CONMAHNX OpraHa

U matnuHux henuja xematonoese

Onveepa Joeuunh, JeneHa MaHauh, 3opaH MaHauHuh, AnekcaHgpa Yonosuh
YHuBep3uTteT y beorpagy, CromatonoLku ¢pakyntet, KnuHuKa 3a aeyjy 1 npeBeHTUBHY cTomatonorujy, beorpap, Cpbuja

CAMETAK

YBoa/Uwm Linmb oBor paja je Aa ce yKaxke Ha pacnpocTparbe-
HOCT 11 TeXXIHY opasiH/X 06osbera Ko nauujeHaTta y nepuogy
npe v nocse TpaHCMIaHTaLuvje CONMAHNX OpraHa 1 MaTUYHNX
hennja xematornoese.

MeTtope MpeTpakeHa je nuTepaTypa ca 6azama nopaTtaka Ha
PubMed-y.

PesynTtaTtm Pa3Boj 1 yHanpehetbe TpaHCMIaHTaLMOHe Mefu-
LMHe y cneuujann3oBaHyM LieHTprMa JoBOAM Ao cBe Beher
6poja NauujeHaTa ca TPaHCMIAHTPAHUM CONMAHNM OPraHMa
1 MaTnyHUM hennjama xemaTtonoese, Kako OApPacnX Tako 1
feue. Koa nauujeHaTa Koju cy MOABPrHYTW NpoLefypu TpaHC-
niaHTaLyje ConMAHNX opraHa u MaTnyHux henuvja xemartomno-
e3e ce, Y nopef YCnewHOoCTH Tepanuje, Mory younuTu 6pojHe
NpOMeHe 1 KOMMIMKaLje Ha ApYrMm opraHuma 1y Gasmu npe
1 nocsie TpaHcnnaHTaumje. Cructemcka obosberba 1 CTakba Besa-
Ha 3a TpaHcnaHTauujy opraHa v henuja npaheHa cy 6pojHum

DOI: https://doi.org/10.2298/SARH190909106)

opanHum MaHudecTaumjama. Hajuewhe opanHe npomeHe cy
yBehatbe rmHruBe, fleckBamalivja opasiHor enuTesna, Beoma
6onHe ynuepauvje, NOANMNOUAHE 1 rpaHyOMaToO3He Npome-
He Ha Opa’iHoj CNy30K0XK, 060/berba TBPAVX 3yOHVX TKIBA Ca
YecTM KOMMNVKaLmjama, pa3BojHe aHoManuje 3yba Kog aeue
mnaher y3pacta, a y KacHujoj ¢a3m v nojaBa opanHor KapLiHo-
Mma. [locne TpaHcnnaHTauuje, mpoMeHe y YCHOj Ayryby U ipYruM
opraHvMa ce jaBsbajy y 3aBUCHOCTN Of TPAHCMIaHTaLoHOr
nepuoaa y Kojem ce nauunjeHT Hanasmn v o NpuMerbeHe umy-
HOCynpecriBHe Tepanuje.

3aKsbyyak PacnpocTpatbeHe opanHe NpoMeHe npe 1 nocne
TpaHCnNaHTaLmje CoOnMAHNX opraHa u MatuyHKx henvja xema-
TOMoe3e yKa3yjy Ha 3Hauaj npaBoBpeMeHe 1 [obpe capagte
CTOMaToJsIora 1 flekapa Kojui Jieue 0CHOBHO oborbetbe.

KmbyuHe peun: TpaHcnnaHTaumja opraHa; TpaHCnaaHTaumja
MaTnuHux henuvja xematonoese; opasnHa 06o/bera
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY 4YaCOMM-
ca ,CpIcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa Mpo4nuTajy YOyrcTBoO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
uHopMalyje 0 NUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayro-
pu npunpeMe paj npeMa JaTUM IPONO3UNMjaMa, jep
YKOIMKO PpyKoIuc He Oyfie ycknal)eH ¢ 0BUM 3aXTeBUMa,
YVpenuumrso he omIoKuTy Miu ox6MTH HeroBo myonm-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a ywranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprnckoM apXuBy CBM ayTOpH pajia MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca - Cprcko me-
KapcKo IPyLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/byje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeNOCT UM JAeI0OM, HUTHU
npuxBaheHu 3a o6jaBpuBame. CA 06jaB/byje paoBe Ha
@HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHI
u Behe IMTHPaHOCTY IIpeTIopydyje ce ayTopuMa Ja pa-
IoBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOGHUIN,
OPUTVHATHN PafIOBY, IPETXOIHA U KPaTKa CaolIITeHha,
mpuKasy 60eCHUKaA U CTy4ajeBa, BUJe0-YIaHIIN, CIIMKe
U3 KIMHIYKe MeIMIMHE, IPeTIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, pafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIIVHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapAa y MeIVMLIVMHY, M3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TMYHY CTAaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrMHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHNKa I
CITydajeBa, BUIO-UIaHIN, CTIMKe U3 KIVHIYKe MeIUIIHE,
IperefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyO/IMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunirsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3MKy (y CK/IOITy CaMoT PyKoO-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTH Ha 25
mm, BeMIIMHY CTpaHNIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor Imacyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTuTu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) pany IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha emwupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPMCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haka
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CllelyjanHy 3Hauu (cuMo6omn),
xopuctuty pout Symbol. [Togauu o kopuurheHoj mure-
paTypu y TEKCTY O3HAa4aBajy ce apancKuM 6pojeBuma y
yIIacTuM 3arpafama — Hip. [1, 2], 1 To penociefoM Kojum
ce T0jaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YITIY, TI04eB Off HaC/IOBHE CTPaHe.

ITpy nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3andKor cTaugapna American English u xopucy-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepiyKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM Ha3MBMMa, a IMe VI MECTO IIPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CII0j cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj KOji ce jaB/ba Y CYIepCKPUITY
wm cynckpunry (amp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHnt (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBupy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y Hamomenu Ha kpajy
Tekcra. Takohe, YKOMMKO je pajj IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABEeCTH 3BaHIIaH HAa3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBama, /ja /I je pajj U KaKko my6-
JNMKOBaH (HIp. VICTY VIV JPYTadujyl HACTIOB VTN CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce leUHNITY Kao MCTpaKVBama yTHUIlaja jefi-
HOT VTV BUIIe CPECTaBa V/IM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCcTpakuBamba ce HaBOAM Y TOCTIENHheM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonucy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUAY IMIUCAHOT
IPYCTaHKa UCIUTVBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IeKIapaIjoM 1 ofo6perbe HaJJIeKHOT eTIIKOT ofj6opa
Jla ce UCTpaKUBabe MOXKE M3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHfapAMMa. EkcriepymMenTanHa ncTpaxuparma
Ha XyMaHOM MaTepujaay U MCIIUTYBamba BPIIeHa Ha XIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTHUKOT 0f60pa yCTaHo-
Be J1 Tpeba f1a Cy y CarllaCHOCTH C TPaBHUM CTaHJApAUMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
JaXke MOTIIMCaHA U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpH U3jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
nHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTH MHTepHeT-CTpaHnIly CBETCKOT yApYysKema
ypenHuKa MegunyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,ITonmuTuka usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba Jia je yIecTBOBAO HOBO/BHO Y PAJy Ha PYKOIICY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 34 IIe/IOKYTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOIIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIVCA U/ EberOBOj KPUTUYKO]j PEBUSU)U
OJl 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 32 ITaMIIambe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCUpame, CaKyI/balbe IoflaTaKa MIN FeHepalTHo
HafIIefambe ICTPaXMBayKe IPyIle CaMI 110 ce61 He MOTY



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

oIpaBfiaTi ayTopcTBO. CBY APYTU KOjU Cy OTPUHENN
u3paju paja, a Koju HIUCY ayTOpM PyKOmuca, Tpebaio
6u na 6ymy HaBefeHM y 3aXBaTHUIIM C ONIMCOM IJMIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MCAHY IPUCTaHAK.

IUNTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU
PYKOIIICK TOIBPTaBajy ce MpoBepy Ha IIarujapusam/
ayromarujapusam npeko SClndeks Assistant — Cross
Check (iThenticate). PagoBu koj Kojux ce okaxe Ia-
rujapusaM/ayTonarujapusam 6uhe ogbujenn, a ayropu
CaHKIIMOHVICAaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paza 6e3 ckpahennua;
IpeJIOr KPaTKOT HACTIOBA Pajia, IIyHa VIMeHa U IIpesyMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpaHa OpojeBUMa; 3BaHNYAH
Ha3UB YCTaHOBA Y KOjJIMa ayTOPU pajie, MeCTO 1 P>KaBy
(pemocienoM Koju ofroBapa MHAEKCHpaHUM OpojeBrMa
ayTopa); Ha JHY CTpaHMIle HAaBeCTU UMe U Ipe3NMe, aji-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u MMejI agpecy
ayTopa 3aJy>KeHOT 32 KOPEeCIIOHAEHIINY.

CAJKETAK. Y3 opuruHaaam paj, IpeTXOfHO ¥ KPaTKoO
CaoIIIITelbe, IPerIe] MTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAMI[MHe U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOMIHO M KPAaTKO CAOIIITeme CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Ium paga, Metoze pana, Pe-
3yNnTaTH, 3aK/by4aK; CBAKM Off HABeJEHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Hounbe 60NIOBaHOM peylt.
Hagectn HajsaxkHUje pesynrare (HyMepryKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OMTH IUpPEKTHO IOBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHIKA CaXKeTaK Tpe-
6a ma uma cnenehe genose: YBox (y IOC/IENBbOj pedeHUIIN
HaBecTy Imb), [Ipukas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju mo4nie 60u50-
BaHOM pednt. 3a ocTajle TUIIOBE PafioBa CaykeTaK HeMa
HOCeOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/byYHUX peun v uspasa. He Tpeba ma ce moHa-
B/bajy pedy U3 HAC/IOBa, a KJbY4He pedn Tpeba ma 6ymy
peeBaHTHe U ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKyMeHTa IIPUIOKUTH HAaCJIOB pajia Ha CpII-
CKOM je3JKy, IyHa VIMeHa 1 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCpaHa OpojeBliMa, 3BaHNYaH Ha3UB YCTaHOBA
y KOjMa ayTopu pafie, MecTo 1 fip>xaBy. Ha cnenehoj -
YeTBPTOj IO pefly — CTPAHUIY JOKYMEHTA IPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a pajioBe Y KOjiMa je o6aBe3aH ca)keTaK Ha eHITIECKOM
jeauky. [TpeBoz mojMOBa 13 CTpaHe IUTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy MIN CUH-

TarMe 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LleJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy Ha3WBe IPHIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomuTee 06aBe3Ho Tpebda ga uMajy ciepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY TTa-
cyc YBona), Metone papa, Pesynraru, Iuckycnuja, 3akmy-
vak, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, OfiroBapajyhu nognacnosy, 3akbydax, JIn-
TepaTypa. [IpBouMeHOBaHM ayTOp NpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnuTara (Kao ayTop WM KOayTop)
pazmoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOIMKO UX MMa, MOPajy fia HaBeny 6ap jeman
ayTOIIMTAT pajioBa TaKohe MyO6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpnkas ciydaja wam 6onecHMKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6ornecurka, [luckycuja, JIuteparypa. He Tpe6a kopucturu
uMeHa 60JIeCHIIKa, MHMIMjale, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparyjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO KOje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a my6-
NIMKOBambe.

CKPAREHMIE. Kopuctuty camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jeIUIberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [THK, cupa, XVB,
ATTI). 3a cBaky ckpaheHUIly TyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaHfapfHa
jemuania mepe. He kopuctutn ckpahenniie y Hacnosy.
Vs6eraBatu kopuirheme ckpaheHnIa y caxxeTKy, ajii ako
Cy HeOIIXOffHe, CBaKy cKkpaheHMIry 06jacHNUT IpU IPBOM
HaBoDemwy y TeKCTY.

JENVIMATHI BPOJEBIL. Y TexcTy pajia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3MMa JeluMaHe OpojeBe MUCaTY ca Ta4KoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenyMary.

JEOVUHWITE MEPA. Jly>xuHy, BUCUHY, TeKMHY U 3a1Ipe-
MVHY U3paXKaBaTy y MeTPUYKIM jeAMHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIO-
BuMa. Temmeparypy uspaxasaru y cternennma Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTpPVMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOIONIKNX, KIMHWYKNX M 6MOXeMMjCKIX
Mepera HaBOJWUTHI Y MeTPUYKOM CUCTeMy mpema Meby-
HapoOIHOM cucTeMy jemuunna (SI).
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OBVIM PAJTOBA. IlenokynHu pyKonuc pajia Koju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTakK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY IIPUIO3M, OHOCHO TOTIINCY 33 HUX U JIETeHIa
(tabere, cnuke, rpadUKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VKy — MOpa M3HOCUTHU
3a OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CaOIIITEebE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, paji 3a
IPaKCy, efyKaTVBHY YWIAHAK U pafl 3a PyOpUKY ,,]e3uk Me-
puiyHe 5o 3000 peuy; pajoBY 3a OCTajle pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-pagoBu Mory TpajaTu 5-7 MuHyTa 1 6uTH Y PopMa-
Ty avi, mp4(flv). ¥ mpsoM xazipy ¢uamMa Mopa ce HaBeCTI:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO TeKapCTBO,
HACTIOB paJia, Ipe3yMeHa U MHUIIVja IMEHa U CPefEbeT
C7IoBa CBMX ayTopa paja (He ¢puama), roguHa uspage. Y
IPYTOM Kafpy Mopa OMTH YCHUM/bEH TeKCT paja y BUILY
arcTpakTa o 350 peun. Y mocnenmeM Kapy GpumMa Mory
ce HaBeCT MMeHa TeXHIIKOT 0co67ba (pexxija, CHUMATETb,
CBET/IO, TOH, QoTorpaduja i ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy dortorpadujy Kao miIycTpauujy npukasa, usjaBy
MOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofpnyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

ITPTUIO3M PATY cy tabene, cuke (¢pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) 1 BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ympuBa. Hacnos Tpeba oTkyuary usHap tabene, a
objarmema ncroy we. Taberme ce 03HaUaBajy apancKuM
6pojeBrMa mpema pegocneny HaBobhema y Texcry. Ta-
6erne npTaTH UCK/BYUNBO y mporpamy Word, Kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TaYHOT OpOja KOTTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTit, ogHocHo femty henuje. Kyuatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 Oe3 yBiaderma Tekcra. Kopuirhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3WKY, TIPYUIOXKNUTH
HasuBe Tabela U JleTeHAy Ha o0a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca iBa jesukal).

Ciuke cy cBy 00/ rpadM4Kmx OpyUIora U Kao ,,CiKe”
y CA ce 06jaBmyjy dotorpaduje, ipresxu, cxeme u rpadu-
koHM. C/MKe 03HaYaBajy ce aparcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce Ck/bydInBo
pururante ¢pororpaduje (LpHO-6eme mmm y 60ju) peso-
nyuuje HajMame 300 dpi u popmara sanca tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIET KBajuTeTa Hehe ce mprxBa-
TaTy 3a MTaMIame!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fla locTaBe guruTante pororpaduje,
OHJIa OPUTVHAJIHE CIMKe Tpeba CKeHNPATHU Y Pe3onyyjn
300 dpi M y OpUTMHATHOj BEMMYMHN. YKOIMKO je paj Heo-
IIXOJTHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasle he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa OuTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpanuje pasa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH NTOCEOHO C/IMKY Koja Ou O¥Ia MiycTpalja BULeo-
IpyKasa y e-M37amy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOJMKO je PYKOIMC Ha CPIICKOM je3MKY, IPUIOKUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIo-
pebene o henujama. Vicre rpadukone npekonupatu u y
Word-oB oKyMeHT, Ijje ce rpadpMKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHNTH y JIeTeHU UCTION rpaduKoHa. Y MITaMIIaHoOj
Bep3Mju WIAHKa BepoBaTHIje je fa rpadukoH Hehe 6utn
IITaMIaH y 60jy, Te je 6ojbe u3beraBaty kopuinhemwe 60ja
y TpaduKOHMMA, NIV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOMNKO je PYKOIINC Ha CPIICKOM je3UKY, IPUITOXUTH
HasuBe rpaduKOHa ¥ JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTary u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofialiy Ha CXeMU KyIajy ce y donry Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUTOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBecTu cBe capajHMKe KOju CY JOIIPU-
HeJ/ CTBapamy pajia a He NCIYkaBajy MeplIa 3a ayTop-
CTBO, Ka0 LITO Ccy 0cobe Koje 06e36ebyjy TeXxHUUKY 1O-
Moh, moMoh y nvcamy paga M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEHM]ja, TOK/IOHa,
olpeMe, IeKOBa I Ipyro, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHiu je OITOBOPHOCT ay-
TOpA, a IUTUPAHN WIaHIM Tpeba fa Oyay Mako IPUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6ase3Ho Tpeba HaBecTyt DOI 6poj wiaHKa (jefMHCTBEHY
HIICKY KapakTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pedepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepeniu
He 61 Tpebaino fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOojeM je J03BO/beHO Jia UX Oyze go 50, m'y
MeTaaHajus3l, Ife UX je fosBosbeHo fo 100. bpoj nuTn-
paHuX OPUTMHAIHUX pajoBa Mopa 6uTy HajMamwe 80%
oJ1 YKyIIHOT 6poja pedepeHIu, OfHOCHO 6poj uuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerIefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke 1my6mm-
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Kallyje M WIAHIY MOTy YBPCTUTH Y pedepeHLie, ayTopu
Cy Oy>KHM a X uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT rofu-
Ha. Huje 03BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTApUCATH Pe3y/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIY QIICTPAKTa, HEOIIXOJHO je TO HaBECTU Y CAMOM
TeKCTy pajia. Pedpepeniie uranaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beHy, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby paja 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopMIcaHnM 3aXTeBMMa 3a PYKOIIVCe KOjI ce TIpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KOj je YCIIOCTaBUO
MebhyHapogHy KOMIUTET ypeJHIMKA MEANIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucre U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanyja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOr U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce IpoHahm Ha MH-
TepHeT-cTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukoM HaBobemwa nureparype
BeoMa je BaYKHO IIPUAPKaBaTHU ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHMjUX PaKTOpPa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHIX 4acOMMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caip>kut: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe y HEKOM JIPYyrOM YacoIVCy, 2) U3jaBy fa
CYy PYKOIIVC TIPOYNTAIIN ¥ OFOOPIIIN CBU ayTOPY KOjI HC-
IyHaBajy MepuIa ayTopCTBa, M 3) KOHTAKT MOjaTKe CBUX
ayropay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTi ca MHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ynotpeby miyctpanyja u objappruBame MHbOpMaLja o
HO3HATIM JbYAMMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, ITPETIUVIATA 1 HAKHAJIA 3A Ob-
PATTY YTAHKA. Jla 6u pan 6mo o6jaB/beH y qacomnucy
Cplicku apxus 3a yenokyiHo 1eKapciiéo, CBU ayTOpU Koju
Cy nexapu wim cromatonosu u3 Cpbuje Mopajy 61Ty €ia-
HoBY CPIICKOT JIeKapCKOT APYIITBa (Y CKIafly ca YIaHOM
6. Craryra JIpymTea) u USMMPUTHU HaKHaJy 3a o6pamy
wiaHaka (Article Processing Charge) y ussnocy og, 3000 nu-
Hapa. AyTOpU ¥ KOayTOpU U3 MHOCTPAHCTBA Cy Y 06aBesn
7la IIaTe HaKHa®y 3a o6pajy wiaHaka (Article Processing
Charge) y usHocy ox 35 eBpa. YIiaTa y jefiHOj KaJeHaap-
CKOj TofMHM 00yXBaTa 1 CBe HapeJHe, eBeHTYaTHe YWIaHKe,
IoC/IaTe Ha pa3Marparbe y Toj rogyuuu. CBu ayTopu Koju

IIaTe OBY HAKHA/[y MOTY, YKOIMKO TO JKeJle, la IpUMajy
MITaMIIaHO U3Jame Jacomuca. Tpeba HATIOMEHYTH Jja
OBa yIUIaTa Hyje rapaHiyja fa he pay 6utu npuxsahen
u o6jaBibeH y Cpiickom apxusy 3a uenokyiHo 1ekapciieo.
O6aBesa mrahamwa HakHafle 3a 06pajly YWIaHKa He OTHOCK
ce Ha CTyfIeHTe OCHOBHMX CTY/¥ja 1 Ha TIPETIUIATHMKE Ha
Jacoruc.

YcraHoBe (TIpaBHa /TNIIA) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa (($usIdKor mmia). Y3 pyko-
mic paga Tpe6a [OCTaBUTU KOIMje YIUIATHUIIA 32 WiaHa-
PUHY U IIPeTIVIaTy / HaKHAa/y 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUAEHLIN)Y O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji1 CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mype HaKHaAy 3a 0Opaiy WiaHKa
(y TaxBuM cry4ajeBuMa HOTPEOHO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBLE PYKOIIMCA. Pyxomnuc pajia u CBM IPU/IO3K Y3
Paji IOCTaBIbajy ce MCK/bYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YaCcOMMCa:
http://www.srpskiarhiv.rs

HATIOMEHA. Pap xoju He yicIlybaBa yclIoBe OBOT YIIYT-
CTBa He MOXKe 6utu yryheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoNyHe 1 ucnpase. [IpnpxaBameM yIyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca /1o 06jaB/biBaba pajia y 4acoIcy,
mTO he MO3UTMBHO yTULIATH Ha KBAaIMUTET WIaHAKa U pe-
TOBHOCT M3/Ta)Kerba JacoIINca.

3a cBe momaTHe MHPOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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