2023 May Vol. 80 (No. 5): pp. 379-460.

Vojnosanitetski Pregled

-

k=
-
'

A
-
’
&

YU ISSN 0042-8450

BOJHOCAHHTETCKH NPET ACA

na, Yaconuc rexapa u gpapmaueyma Bojcke Cpbuge

0 g 1944+
F ﬁl/li[itary Medical and Pharmaceutical Journal of Serbia

A |\ Vojnosanitetski pregled

I ]
Vojnosanit Pregl 2023; May Vol. 80 (No. 5): pp. 379-460.

Jt\‘_
a v




Vol. 80, No. 5, 2023

VOJINOSANITETSKI PREGLED

The first issue of Vojnosanitetski pregled was published in September 1944
The Journal continues the tradition of Vojno-sanitetski glasnik which was published between 1930 and 1941

PUBLISHER
Ministry of Defence of the Republic of Serbia, University of Defence, Belgrade, Serbia

PUBLISHER’S ADVISORY BOARD

Brigadier General Prof. Boban Porovié, PhD, (President)
Col. Assoc. Prof. Srdan Blagojevié, PhD,

(Deputy President)

Lieutenant Col. Sladan Pordevi¢

Prof. Sonja Marjanovi¢, MD, PhD

Col. Mi¢o Suvajac

Assoc. Prof. Jovanka Saranovié, PhD

Col. Assist. Prof. Ivan Vuli¢, PhD

INTERNATIONAL EDITORIAL BOARD

Prof. Jovan Antonovié¢ (Sweden)
Prof. Rocco Bellantone (Italy)

Prof. Thorsten Gehrke (Germany)
Prof. Hanoch Hod (lsrael)

Prof. Abu-Elmagd Kareem (USA)
Prof. Thomas John (USA)

Prof. Hiroshi Kinoshita (Japan)
Prof. Celestino Pio Lombardi (Italy)
Prof. Philippe Morel (Switzerland)
Prof. Kiyotaka Okuno (Japan)

Prof. Mirjana Pavlovi¢ (USA)

Prof. Hitoshi Shiozaki (Japan)

Prof. H. Ralph Schumacher (USA)
Prof. Sadber Lale Tokgozoglu (Turkey)
Assist. Prof. Tibor Tot (Sweden)

ISSN 0042-8450

elSSN 2406-0720
Open Access

(CC BY-5A) 880

EDITORIAL BOARD (from Serbia)

Editor-in-Chief
Prof. Dragana Vuéevié¢, MD, PhD

Col. Prof. Miroslav Vukosavljevi¢, MD, PhD (president)
Prof. Bela Balint, MD, PhD, FSASA

Brigadier General (ret.) Prof. Miodrag Coli¢, MD, PhD,
FSASA

Assoc. Prof. Dragana Dakovi¢, DDM, PhD

Prof. (ret.) Silva Dobri¢, BPharm, PhD

Col. Prof. Boban DPordevi¢, MD, PhD

Assoc. Prof. (ret.) Branislava Glisi¢, MD, PhD

Prof. Vladimir Jakovljevi¢, MD, PhD

Prof. Nebojsa Lali¢, MD, PhD, FSASA

Col. Assoc. Srdan Lazi¢, MD, PhD

Prof. Zeljko Mijuskovié¢, MD, PhD

Col. Prof. (ret.) Dragan Miki¢, MD, PhD

Prof. Zeljko Mikovi¢, MD, PhD

Prof. Branka Nikoli¢, MD, PhD

Prof. Milica Ninkovié¢, MD, PhD

Col. Prof. Slobodan Obradovié¢, MD, PhD

Prof. (ret.) Miodrag Ostoji¢, MD, PhD, FSASA

Lieut. Col. Assoc. Prof. Aleksandar Peri¢, MD, PhD
Prof. Porde Radak, MD, PhD, FSASA

Prof. Dejan Radenkovi¢, MD, PhD

Assoc. Prof. Dusica Stamenkovié, MD, PhD

Assist. Prof. Zvezdana Stojanovi¢, MD, PhD

Prof. (ret.) Ljubomir Todorovi¢, DDM, PhD

Prof. Danilo Vejvedi¢, MD, PhD

Assoc. Prof. Biserka Vukomanovié¢ Purdevié¢, MD, PhD

Technical Secretary and Main Journal Manager
Aleksandra Gogi¢, PhD

EDITORIAL OFFICE

Editorial staff: Snezana R. Jankovi¢, primarius, MD
Language editor: Mila Karavidi¢

Technical editor: Dragana Milanovi¢
Proofreading: Ljiljana Milenovi¢, Brana Savié¢

Technical editing: Vesna Toti¢, Jelena Vasilj

Editorial Office: University of Defence, Faculty of Medicine of the Military Medical Academy, Center for Medical Scientific Information,
Crnotravska 17, 11 040 Belgrade, Serbia. E-mail: vsp@vma.mod.gov.rs

Papers published in the Vojnosanitetski pregled are indexed in: Science Citation Index Expanded (SCIE), Journal Citation Reports/Science
Edition, SCOPUS, Excerpta Medica (EMBASE), Google Scholar, EBSCO, Biomedicina Serbica, Serbian Citation Index (SClndex), DOAJ.
Contents are published in Giornale di Medicine Militare and Revista de Medicina Militara. Reviews of original papers and abstracts of
contents are published in International Review of the Armed Forces Medical Services.

The Journal is published monthly. Subscription: Giro Account No. 840-19540845-28, refer to number 122742313338117. To subscribe from abroad
phone to +381 11 3608 997. Subscription prices per year: individuals 5,000.00 RSD, institutions 10,000.00 RSD, and foreign subscribers 150 €.

Printed by: Vojna Stamparija, Beograd, Resavska 40b



Vol.80, br. 5, 2023

VOJINOSANITETSKI PREGLED

Prvi broj Vojnosanitetskog pregleda izaSao je septembra meseca 1944. godine
Casopis nastavlja tradiciju Vojno-sanitetskog glasnika, koji je izlazio od 1930. do 1941. godine

IZDAVAC
Ministarstvo odbrane Republike Srbije, Univerzitet odbrane, Beograd, Srbija

IZDAVACKI SAVET UREPIVACKI ODBOR (iz Srbije)
Prof. dr Boban Porovi¢, brigadni general Glavni i odgovorni urednik
(predsednik) Prof. dr sc. med. Dragana Vudéevié¢

Prof. dr Srdan Blagojevi¢, pukovnik
(zamenik predsednika)

Sladan Pordevié, potpukovnik

Prof. dr sc. med. Sonja Marjanovié¢
Mico Suvajac, pukovnik

Prof. dr Jovanka Saranovié

Doc. dr Ivan Vulié, pukovnik

Prof. dr sc. med. Miroslav Vukosavljevi¢, pukovnik
(predsednik)

Akademik Bela Balint

Akademik Miodrag Coli¢, brigadni general u penziji
Prof. dr sc. stom. Dragana Dakovié¢

Prof. dr sc. pharm. Silva Dobrié, u penziji

Prof. dr sc. med. Boban Pordevié¢, pukovnik

Prof. dr sc. med. Branislava Glisi¢, u penziji

Prof. dr sc. med. Vladimir Jakovljevié¢

MEDUNARODNI UREPIVACKI ODBOR

Prof. Jovan Antonovi¢ (Sweden) Akademik Neboja Lali¢ )
Prof. Rocco Bellantone (ltaly) Prof. dr sc. med. Srdan Lazi¢, pukovnik
Prof. Thorsten Gehrke (Germany) Prof. dr sc. med. Zeljko MijuSkovi¢
Prof. Hanoch Hod (lsrael) Prof. dr sc. med. Dragan Miki¢, pukovnik u penziji
Prof. Abu-Elmagd Kareem (USA) Prof. dr sc. med. Zeljko Mikovi¢
Prof. Thomas John (USA) Prof. dr sc. med. Branka Nikoli¢
Prof. Hiroshi Kinoshita (Japan) Prof. dr sc. med. Milica Ninkovi¢ _
Prof. Celestino Pio Lombardi (Italy) Prof. dr sc. med. Slobodan Obradovi¢, pukovnik
Prof. Philippe Morel (Switzerland) Akademik Miodrag Ostoji¢, u penziji )
Prof. Kiyotaka Okuno (Japan) Prof. dr sc. med. Aleksandar Peri¢, potpukovnik
Prof. Mirjana Pavlovi¢ (USA) Akademik Dorde Radak .
Prof. Hitoshi Shiozaki (Japan) Prof. dr sc. med. Dejan Radenkovi¢
Prof. H. Ralph Schumacher (USA) Prof. dr sc. med. Dusica Stamenkovi¢
Prof. Sadber Lale Tokgozoglu (Turkey) Doc. dr sc. med. Zvezdana Stojanovi¢
Assist. Prof. Tibor Tot (Sweden) Prof. dr sc. stom. Ljubomir Todorovi¢, u penziji

Prof. dr sc. med. Danilo Vojvodié¢
Prof. dr sc. med. Biserka Vukomanovi¢ Durdevié¢

TETg
w1 S 4

o ., Tehnicki sekretar i glavni menadZer ¢asopisa
.S 1930@&;1944 i Dr sc. Aleksandra Gogié¢
> A RegAa -
= (17#7) -
AR\ |I|I Wz REDAKCIJA
i AR = i . .
“ Wy r“ih" /I Struéna redakcija: Prim. dr SneZana R. Jankovié
o ¥ -.Iw"l e ¢
:.'{ - Urednik za engleski i srpski jezik: Mila Karavidi¢
Tehnicki urednik: Dragana Milanovic¢
ISSN 0042-8450 P, . . .
eISSN 2406-0720 Korektori: Ljiljana Milenovi¢, Brana Savi¢
%fnmf:f:: [@NoIeN Kompjutersko-grafi¢ka obrada: Vesna Toti¢, Jelena Vasilj

Adresa redakcije: Univerzitet odbrane, Medicinski fakultet Vojnomedicinske akademije, Centar za medicinske nau¢ne informacije,
Crnotravska 17, 11 040 Beograd, Srbija. Informacije o pretplati (tel.): +381 11 3608 997. E-mail (redakcija): vsp@vma.mod.gov.rs

Radove objavljene u ,,Vojnosanitetskom pregledu indeksiraju: Science Citation Index Expanded (SCIE), Journal Citation
Reports/Science Edition, SCOPUS, Excerpta Medica (EMBASE), Google Scholar, EBSCO, Biomedicina Serbica, Srpski citatni
indeks (SCIndeks), DOAJ. Sadrzaje objavljuju Giornale di Medicine Militare i Revista de Medicina Militara. Prikaze originalnih
radova i izvoda iz sadrZaja objavljuje International Review of the Armed Forces Medical Services.

Casopis izlazi dvanaest puta godiSnje. Pretplate: Ziro racun br. 840-19540845-28, poziv na broj 122742313338117. Za pretplatu iz

inostranstva obratiti se sluzbi pretplate na tel. +381 11 3608 997. Godisnja pretplata: 5 000 dinara za gradane Srbije, 10 000 dinara za
ustanove iz Srbije i 150 € za pretplatnike iz inostranstva. Kopiju uplatnice dostaviti na gornju adresu.

Stampa: Vojna $tamparija, Beograd, Resavska 40b



Vol. 80, No. 5 VOJNOSANITETSKI PREGLED Page CCCLXXXI

AT ETg
¥ N 4,

2"1930

CONTENTS/ SADRZAJ

GENERAL REVIEW / OPSTI PREGLED

DuSan Mustur
Outcome assessment of spa rehabilitation in ankylosing spondylitis
Procena ishoda banjske rehabilitacije bolesnika sa ankilozirajuéim spondilitiSOM ..........cceoveriirieniniiiiiere e 383

ORIGINAL ARTICLES / ORIGINALNI RADOVI

Marko Kalezi¢, Rastko Zivié, Viadimir Djuki¢, Miljan Milanovié, Milkica Ostoji¢, Nemanja Rancié, Berislav Veki¢
Short-stay thyroid surgery for older patients: is it safe?
Operacija tireoidne Zlezde sa kratkotrajnim boravkom u bolnici kod starijih bolesnika: da li je bezbedna?........................ 389

Ivana Stankovi¢, Nela V. 1li¢, Tihomir V. Ili¢, Ljiljana Jelici¢, Mirjana Sovilj, Vesna Marti¢, Silvana Punisi¢, Miodrag

Stoki¢

Effect of neurofeedback training on auditory evoked potentials’ late components reaction time: a placebo-

control study

Efekat treninga nervnog sistema povratnim informacijama (neurofeedback) na reakciono vreme kasnih komponenti

auditivnih evociranih potencijala: placebom Kontrolisan0 iStraZiVanje .........cecuevririiisininises s 396

Miroslav MiSovié, Predrag Aleksi¢, Dejan Kosti¢, Miodrag Vukovié, Bojan Radojici¢, Nemanja Ranci¢, Bojana Cikota
Aleksié¢

The levels of circulating long non-coding RNA GASS in prostate carcinoma patients: a single-center study

Nivoi cirkuli$u¢e INCRNA GAS5 kod obolelih od karcinoma prostate: iskustvo jednog centra.........ccccevvvvvrvnivninnnn 404

Katarina Katani¢ Pasovski, Nemanja Ranci¢, Viktor Pasovski, Marija Saji¢, Mirko Resan, Evica Dinci¢

Evaluation of the retinal morphological and functional findings in optic neuritis related to multiple sclerosis

Procena rezultata morfoloskog i funkcionalnog ispitivanja mreznjace kod bolesnika sa opti¢kim neuritisom u sklopu

MUITIPIE SKIBIOZE........eeceeeeeeeeeee ettt ettt te e te et e e te st e st e s teaaestestestessesbesbeseesaestestesaesaesaenaeaeneeneennn 412

Karolina Vukoje, Tanja Veljovic, Jelena Mirni¢, Aleksandra Maletin, Ana Tadié
Influence of solvent use on apical extrusion during removal of Resilon™ from root canals
Uticaj rastvaraca na apikalnu ekstruziju tokom uklanjanja Resilon™ iz kanala korena zuba............cccccocooeiieiiicinicncnnen. 421

Jana 1li¢, Tatjana Cutovié, Ruzica Kozomara, Julija Radojicié, Tijana Adamovié, Jovana Lovrié

Assessment of the impact of orthodontic-surgical treatment on the quality of life of patients with mandibular
prognathism

Procena kvaliteta Zivota pacijenata posle ortodontsko-hirurskog le¢enja mandibularnog prognatizma ............cceceevevennnnns 427

Nabeeh Abdullah AlQahtani, Mohasin Abdul Khader, Mukhatar Ahmed Javali

Gingival crevicular glucose estimation and patient’s perception of pain during routine dental examination — a

concept based on a novel patented periodontal device

Procena nivoa glukoze u gingivalnom sulkusu i percepcija bola kod pacijenata tokom rutinskog stomatoloskog

pregleda — koncept zasnovan na novopatentiranom parodontalnom UT€AaJU........cueveveeriuneeiesieeeeseseseseseseseseseseanes 433

Hao He, Nifang Pan, Xiaoyong Zhou
Application value of bedside ultrasound for assessing volume responsiveness in patients with septic shock
Korist od primene ultrazvuka za procenu odgovora bolesnika sa septickim Sokom na nadoknadu volumena...................... 439



Page CCCLXXXII VOJNOSANITETSKI PREGLED Vol. 80, No. 5

CASE REPORTS / KAZUISTIKA

Stevan Stojanovié, Sasa Vojinov, Zarko Dimitri¢, Ivan Levakov, Dimitrije Jeremié, Tanja Laki¢
Severe hemophagocytic syndrome after intravesical BCG instillation with a fatal outcome
TeZak hemofagocitni sindrom nakon intravezikalne instilacije BCG sa fatalnim ishodom...........ccoocevviiiinininininininn, 446

Dusan Ruzici¢, Mira Vukovic¢
Right heart thrombus in a patient with acute pulmonary embolism — a practice in hide-and-seek with guidelines
Tromb u desnom srcu kod bolesnika sa akutnom embolijom pluca — ,,igra Zmurke” sa SMernicama ..........ccceeververeervereenenn. 450

Marija Dencic-Fekete, Tatjana Terzi¢, Liubomir Jakovié, Viadislava Djurasinovi¢, Teodora Karan DjuraSevi¢, Milica
Radojkovi¢, Sonja Pavlovi¢, Andrija Bogdanovic

Rapid progression to Richter’s syndrome in a patient with chronic lymphocytic leukemia and near-triploid

karyotype

Brza progresija hroni¢ne limfocitne leukemije u Rihterov sindrom kod bolesnika sa kariotipom blizu triploidnog broja
PFOIMOZOMI@ ...t bt e e f e e Rt Rt E kst e b bt e Rkt r e 454

INSTRUCTIONS TO THE AUTHORS / UPUTSTVO AUTORIMA ..ottt 458

Maj 2023. godine gradani Srbije ¢e pamtiti po dva zlo¢ina pod ¢ijim
teretom je Citava nacija u stanju Soka i neverice. U danima opSteg ocaja i
duboke tuge, milion pitanja koja je svako od nas sebi postavio slilo se u
zajednicki krik — ZaSto? Gde smo pogresili? Da li smo se pod pritiskom
zahteva vremena u kome zivimo promenili toliko da smo razorili ono $to je
vekovima cuvalo identitet ljudskih bi¢a? Da li smo zaboravili vrednosti
koje se uée u porodici, jednoj od najvaznijih tvorevina civilizacije? Zbog
toga verujemo da ovog meseca posebnu paznju zasluzuje Medunarodni dan
porodice. Od 1994. godine, Medunarodni dan porodice obelezava se svake
godine 15. maja. Posle ovih tragi¢nih dogadaja, vise nego ikada ranije,
vazno je da se zapitamo Sta moZemo da uradimo da porodica opet postane
ono $to je nekada bila — okrilje u kome rastu zdravi ljudi.

Duternational
Day of
Families

May 15

In May 2023, the citizens of Serbia will remember two crimes under whose
burden the entire nation is in a state of shock and disbelief. In the days of
general despair and deep sadness, a million questions that each of us asked
ourselves merged into a common cry — Why? Where did we go wrong?
Have we changed so much under the pressure of the demands of the times
we live in that we have destroyed what has preserved the identity of human
beings for centuries? Have we forgotten the values taught in the family,
one of the most important creations of civilization? Therefore, we believe
that International Day of Families deserves special mention this month.
Since 1994, International Day of Families has been celebrated on May 15
every year. After these tragic events, more than ever before, it is important
to ask ourselves what we can do to make the family what it once was — a
shelter where healthy people grow.
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Outcome assessment of spa rehabilitation in ankylosing spondylitis

Procena ishoda banjske rehabilitacije bolesnika sa ankiloziraju¢im spondilitisom

DusSan Mustur

University of Montenegro, Faculty of Medicine, Podgorica, Montenegro

Key words:
health resorts; physical and rehabilitation medicine;
spondylitis, ankylosing; treatment outcome.

Kljucne reci:
banje; medicina, fizikalna i rehabilitacija; spondylitis,
ankilozirajuci; leCenje, ishod.

Introduction

Ankylosing spondylitis (AS) is a chronic progressive
autoimmune inflammatory systemic disease that usually
starts at the sacroiliac joints and affects the joints and peri-
articular structures of the spine and chest. The disease be-
gins at a younger age, and with time it causes postural
changes, reduced lung capacity, muscle shortness, joint
stiffness, and pain, significantly reducing the quality of life
(QoL) and ability to function ®. This illness is more com-
mon in men, the exact cause is still unknown, but the genet-
ic marker HLA-B27 is present in more than 95% of patients
with AS 2,

The treatment of patients with AS is very complex and
consists of pharmacological, spa physical, and surgical
treatment, and an important part of the treatment is also the
education of patients. A treatment that would completely
stop the progression of the disease has yet to be found. The
main goals of AS therapy are reducing disease activity (in-
flammation), back stiffness, and pain and preserving and im-
proving functional ability, i.e., preventing or at least slowing
the progression of irreversible structural changes in the spine
and other joints. The treatment of AS should be individually
tailored to each patient according to their functional status
and comorbidities and should start right after the disease is
diagnosed before irreversible functional changes occur. Most
people with AS do not need surgery, but they need to have a
healthy lifestyle with a Mediterranean diet and follow a regu-
lar exercise program. That can help reduce pain, maintain
flexibility, and improve their posture -3,

Rehabilitation in ankylosing spondylitis

Rehabilitation in AS is a lifelong process. According
to the definition of the World Health Organization

(WHO), rehabilitation is a complex procedure of
(re)training a disabled person after illness and injury for
the highest possible physical, mental, social, and profes-
sional benefit according to their capabilities. The term
disability means that a person has various functional limi-
tations caused by illness, and handicap means a limitation
or even inability to participate equally in social life. The
development of medical rehabilitation helps people with
significant disabilities to live and participate equally in
daily life activities. Early and proper medical rehabilita-
tion procedures reduce the number of completely disabled
patients with AS from 25% to only 1%. Rehabilitation re-
duces the incidence of complications and the need for
medications and hospitalization and leads to improved
QoL in patients with AS *,

Multimodal spa treatment

Spa treatment is a very important part of the overall
management of AS. Since AS is an autoimmune process with
no cure in sight, the treatment is focused on managing func-
tional status, disease activity, and pain. Spa treatment is
complex and includes balneotherapy (BT), climatotherapy,
thalassotherapy, kinesitherapy, hydrokinesitherapy, sono-
therapy, electrotherapy, and other therapeutic modalities ac-
cording to special needs. It even includes changes in envi-
ronment and lifestyle which lead to the activation and im-
provement of body adaptation mechanisms and potentials °.
Physiotherapy procedures are prescribed by the doctor indi-
vidually depending on the patient’s health condition and pos-
sible contraindications. Bearing that in mind, Institute “Dr.
Simo Mllosevi¢®, Igalo, Montenegro has four important nat-
ural factors: climate, peloid, seawater, and mineral water,
which has enabled it to develop into one of the most modern
center for physical medicine and rehabilitation in the region.

Cortespondence to: Dusan Mustur, Otjenskog bataljona 28, Herceg-Novi, Montenegro. E-mail: dusanm@ucg.ac.me
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Balneotherapy

BT is a combination of natural elements such as miner-
al waters, peloids, and gases in different world destinations,
mostly in health resorts (spas), together with conventional
physical therapy (kinesitherapy, sonotherapy, electrotherapy,
etc.). Since Roman times, spa therapy has been applied in the
treatment of different musculoskeletal conditions ©. In Euro-
pean countries, BT is provided in health resorts with natural
thermal baths (NiSka Banja, Vrnjacka Banja, and Banja Ko-
viljaca in Serbia, Abano Terme in Italy, Hot Springs of Tibe-
rias in Israel, etc.) or seawater baths (Igalo Spa in Montene-
gro, Dead Sea in lIsrael) 7. For many diseases and injuries,
BT is a desirable treatment since there are no serious side ef-
fects. BT has direct and indirect effects. Direct action in-
cludes the physical effects of water and peloids on the body
(hydrostatic pressure, thrust, viscosity, resistance, friction).
Balneo treatment also has thermal and chemical effects of
substances absorbed through the skin 8. Indirect effects come
as a result of environmental and climate change, exercises,
and social and psychological effects *.

Climatotherapy

The climate is an essential factor that affects human
health; it includes temperature, humidity, rainfall, wind,
clouds, sunshine, etc. Wet and cold weather can intensify
stiffness and pain in people with various rheumatic condi-
tions. Rheumatic patients feel more comfortable in a warm,
dry climate. The climate of Igalo is mild, coastal Mediterra-
nean with a large number of sunny days and the air full of
scents of diverse subtropical vegetation + 8,

Thalassotherapy

Thalassotherapy factors are coastal climate, seawater, so-
lar radiation, aerosol, sea peloid, sand, and algae. Thalasso-
therapy is carried out in the warm summer months when its
complex effect is most pronounced. It includes sunbathing on
the seashore, swimming in seawater, swimming or exercising
in seawater pools, but also walking by the sea and inhaling
aerosols, or applying sea mud packaging or sand wraps.

In the natural area of the Adriatic Sea, the lgalo peloid
(medicinal mud) is formed by mixing and depositing miner-
al-organic deposits of the river Sutorina and seawater sedi-
ment with its mineral and organic planktonic content. Igalo
medicinal mud is an inorganic-organic, mostly mineral
peloid with good physical and chemical properties. Its basic
therapeutic effect is the thermal effect, and mud also has me-
chanical, biological-chemical, anti-inflammatory, and psy-
chological effects 4 Peloids can be prescribed as compresses
or baths. Contraindications for peloids are rare, but we must
emphasize that acutely inflamed joints should not be treated
with any form of mud.

Physiotherapy is very important in treating AS, even
today when biological drugs are used ®°. In a systematic re-
view, 28 studies were investigated (with a total number of
1,926 patients with AS). It was concluded that the most im-

portant part of the program is exercise (kinesitherapy) . The
main goal of the individually planned exercise program is to
reduce pain and morning stiffness, improve spinal mobility,
maintain and improve respiratory function, improve the pa-
tient’s posture, increase muscle strength and endurance, and
improve functional status and overall QoL *2. The kinesither-
apy program includes strengthening exercises for back and
abdominal muscles, hip and knee extensors, stretching exer-
cises (primarily pectoralis muscle, whose fibers shortening
occurs due to the characteristic position of the patient), mobi-
lization exercises, or exercises to maintain mobility of the
spine and root joints. Breathing exercises with the “chest
type” of breathing (inhale through the nose, exhale through
the mouth) should be done every morning 2.

The use of hydrokinesitherapy is very common because
water contributes to relaxation, and the recommended activi-
ties are swimming, mobilization in warm water, and walking
in water. Exercise program, both in the gym and a swimming
pool, improves functional status in patients with AS 3 14, In-
dividual and group exercises are performed in a pool with a
seawater temperature of 33-34°C. During the exercises, the
beneficial effects of the aquatic environment are as follows:
water temperatures, thrust, hydrostatic pressure, and the
speed of the body’s movement through the water.

Other physical modalities (electrotherapy, sonotherapy,
magnetotherapy) are prescribed primarily for the good anal-
gesic effect, to reduce pain and muscle stiffness, and patients
are often prescribed manual massages within the spa physio-
therapy program. Mineral water “lgaljka”, with a tempera-
ture of 36-38 °C, is used at the Igalo Institute for pearl baths,
mineral baths, and underwater shower massages as part of
BT physical treatment. This mineral water is muriatic (sodi-
um chloride) water, where sodium and chloride ions make up
70-80% of the total content of all ions *.

Patients in spas often have traditional medicine proce-
dures such as acupuncture, shiatsu, and tai chi; however, pi-
lates and McKenzie and Heckscher exercises should be in-
cluded 5.

Assessment tools

Leading experts from the Outcomes Measures in
Rheumatology Clinical Trials (OMERACT) and Assessment
of Spondylo-Arthritis (ASAS) International Society have
created a core set to assess the effects of physical therapy.
The core set includes several domains: pain, spinal stiffness,
axial mobility, physical function, fatigue, and patient’s glob-
al assessment 4. To get the complete picture of the outcome
of spa physical therapy, many studies assess the QoL and
ASAS 20 improvement.

Pain should be assessed on the visual analog scale
(VAS) or the numerical rating scale (NRS). Pain is a very
unpleasant symptom associated with potential tissue damage
and the most common reason for visiting a doctor 4. Even
though VAS and NRS scales are psychometric response
scales, the double application shall produce objective infor-
mation about the change in the intensity of pain after spa
physical treatment 416,

Mustur D. Vojnosanit Pregl 2023; 80(5): 383—388.
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Spinal stiffness — patients should answer questions
about how long they have been feeling stiffness in their back
(in min, or VAS, NRS). When it is done twice (on admission
and discharge), objective information about the change in the
intensity of spinal stiffness is obtained after spa treat-
ment 4 18,

Spinal mobility — the range of motion in the spine in
segments is assessed (occiput-to-wall distance, Otto’s test,
modified Schober index) or overall axial mobility with the
Bath Ankylosing Spondylitis Metrology Index (BASMI) in-
dex. Occiput-to-wall distance shows whether the mobility of
the cervical spine is reduced: if the distance is more than 0
cm, neck movements are reduced. Otto’s test shows the mo-
bility of the thoracic spine — normal values are 8 cm or more,
and in advanced AS, it is significantly reduced. The modified
Schober index shows the mobility of the lumbar spine, which
is reduced if the result is less than 5 cm. BASMI shows the
overall axial status of the patient with AS. The total BASMI
score is obtained by measuring cervical rotation (in degrees),
intermalleolar distance (in cm), lumbar flexion (modified
Schober test, in cm), lateral lumbar flexion (in cm), and tra-
gus-wall distance (in cm) . Measured values are translated,
using an algorithm, into values between 0-10, where a high-
er score shows more reduction in mobility of the spine * °.
Spinal mobility measures correlate well with physical func-
tion, emotional role, mental health, and general health do-
mains in the Medical Outcomes Study 36-item Short Form
Health Survey (SF-36) questionnaire 8, Impaired spinal mo-
bility is associated with restricted pulmonary function °.

Physical function — ASAS group experts suggest that
physical function can be monitored using different question-
naires: Bath Ankylosing Spondylitis Functional Index
(BASFI), The Dougados Functional Index (DFI), or Health
Assessment Questionnaire for Spondyloarthropathies (HAQ-
S) °. BASFI shows functional disability, it has 10 questions,
eight of which concern activities referring to the functional
anatomy (bending, changing position, standing, reaching,
turning, and climbing steps), and two questions assess the
patient’s ability to cope with everyday life. BASFI uses a
VAS scale with descriptors “easy” and “not possible”, and a
higher score means more functional disability ¢, BASFI
strongly correlates with fatigue and global patient assessment
in AS 2. DFI consists of 20 questions about functional is-
sues. A more recent version of DFI uses a 5-point Likert
scale. BASFI is more sensitive to changes than DFI regard-
ing functional status in patients with milder disease 2. HAQ-
S consists of 25 items, where 20 questions are from the orig-
inal Health Assessment Disability Index (HAQ-DI) for ar-
thritis patients, and the additional 5 questions are more spe-
cific to the issues of physical functioning and impairment
specific to AS. A higher score means that the patient has
more functional problems °.

Fatigue often occurs in inflammatory rheumatic diseas-
es and is associated with increased disease activity. It is de-
termined on the 10 cm long VAS scale (or NRS), marked
with “no fatigue” on the left and “maximum fatigue” on the
right % 18, Fatigue is increased by sleep disorders and depres-
sion. Functional Assessment of Chronic Iliness Therapy —
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Fatigue (FACIT-F) is a short questionnaire covering thirteen
questions on the level of fatigue that occurs when performing
various activities during the previous seven days. FACIT-F
uses a 4-point Likert scale. It was originally developed for
assessing fatigue in people with anemia, but it is now widely
used for different conditions, including AS 2,

The patient’s global assessment refers to the current
health condition of the respondents and is registered on the
VAS or NRS scale. The Bath Ankylosing Spondylitis Global
Score (BAS-G) is also a commonly used index. It assesses
the general health of AS patients over a given time period.
BAS-G contains two items on the VAS scale; a higher score
means worst general health condition %2,

QoL assessment — Ankylosing Spondylitis Quality of
Life (AS-QoL) is the most frequently used disease-specific
questionnaire. It is developed to assess the QoL in AS. This
questionnaire shows the impact of disease on sleep, mood,
motivation, independence, coping, activities of daily living,
relationships, and social life. No/Yes answers are offered as
responses, scored as 0/1. The final score is 018, where the
highest score means the worst QoL. Still, a “golden stand-
ard” in QoL assessment in different diseases is the SF-36
questionnaire. SF-36 and EuroQol (EQ-5D) are generic ques-
tionnaires. SF-36 includes eight domains of QoL: Physical
Function, Physical Role, Bodily Pain, Vitality, General
Health, Social Function, Emotional Role and Mental Health.
All scores are coded and transformed into eight 0-100 scales,
where a higher value means better QoL. The use of these ge-
neric questionnaires allows comparison of QoL of patients
with different diseases .

ASAS improvement criteria are commonly used to
monitor the outcome of drug treatment or physiotherapy.
ASAS improvement is calculated only once when the pro-
gram is finished, and the final score is calculated in percent-
age. Five areas relevant to disease outcome are covered: pa-
tient global, back pain, functional impairment, morning stiff-
ness, and the fifth one examines whether there is further de-
terioration in any given area. ASAS 40, ASAS 50, or even
ASAS 70 can be achieved often in therapy with biologics .

Assessment of multimodal spa treatment

Despite the differences in clinical manifestations,
multimodal spa rehabilitation is applied in different
chronic inflammatory and degenerative arthritis & 2428,
BT, together with climatic factors and other physical mo-
dalities, significantly reduces disease activity and im-
proves functional status and QoL in rheumatoid arthri-
tis 2> 2°, Rehabilitation in AS patients is a lifelong pro-
cess. It should solve their overall life situation, i.e., their
somatic, psychological, family, professional, and social
problems. It represents a continuous process by which the
patient maximizes their functional abilities. A multimodal
spa treatment is a very important part of overall treatment
in AS patients 1 4 202439 The program should be individ-
ually tailored based on clinical signs and symptoms, dis-
ease activity, functional status, deformities, posture, gen-
eral health status, comorbidities, and patient preferences.
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Since we cannot completely stop disease progression,
treatments often focus on the management of symptoms,
such as stiffness, pain, and mobility. BT improves the
clinical course and slows the progression of the disease in
patients with predominant axial involvement 3,

The consensus of the experts of the international ASAS
group is that the optimal treatment requires a combination of
drugs and non-pharmacological treatment measures and that
they are of equal importance in rehabilitation 32, A meta-
analysis showed that all interventions in patients with AS
and axial spondyloarthritis, both nonpharmacological and
pharmacological significantly reduce pain and fatigue and
improve physical function, spinal mobility, and patient glob-
al status when compared to control group 6. Biologics are ef-
fective in AS; those patients already receiving biologics may
also benefit from targeted physical therapy (improvement re-
garding pain, BASFI, BASDAI, chest expansion, modified
Schober index) 2. Still, approximately 20-40% of those re-
ceiving tumor necrosis factor inhibitor do not respond well to
therapy 4. Spa physical therapy reduces pain and the need to
take analgesics and nonsteroidal anti-inflammatory drugs
(NSAIDs) *. Contrary to BT, there are still many open ques-
tions regarding optimized treatment strategies and individual
drug selection %, A Dutch AS patient study showed 40
weeks of prolonged benefits (measured with BASFI and EQ-
5D) after 3 weeks of spa physical therapy compared to those
with just regular exercises ¥,

Dagfrund et al. > summarized data about the effects of
different types of physical therapy. The conclusion is that the
best care is provided when AS patients follow individually
prescribed complex spa physical treatment with specific ex-
ercises program in a group. Patient education, active in-
volvement, and motivation are of importance in AS %, Natu-
ral factors of the NiSka Banja Spa increase axial mobility and
decrease disease activity in AS *. A complex spa rehabilita-
tion program that includes BT leads to a significant reduction
of disease activity (BASDAI, ASDAS-CRP) and functional
status (BASFI); it significantly improves the general index
ASAS 20 43940,

Yurtkuran et al. # divided AS patients into three
groups, the first had BT, the second BT and NSAIDs, and the
third one had only NSAIDs for three weeks. Patients also
had kinesitherapy — postural exercises and breathing exercis-
es. Results were significantly better in groups with BT — they
had less pain, less morning stiffness, and a better BASFI
score.

Altan et al. *> showed that three weeks of BT proce-
dures together with exercises leads to significantly better
health status (physical pain, patient’s assessment of health
status, functional status, disease activity) when compared to
a group that had only exercises.

Conclusion

The treatment of AS is very complex and includes early
diagnosis and initiation of adequate pharmacological therapy
and application of multimodal spa physical treatment. Three
or four weeks of a complex spa rehabilitation program
showed favorable cost-effectiveness and cost-utility ratios
compared with standard exercise treatment alone.

The spa rehabilitation program should be strictly individ-
ualized, primarily according to the stage and disease activity,
previous treatment, and the patient’s general condition. The
best results are achieved in those treated with optimal pharma-
cological therapy before a spa treatment. BT procedures
should be applied patiently, with discipline, and accurately at
the right time, respecting the principles of chronotropism. Pa-
tients should not take baths right after the application of
peloids because they can lose the positive chemical effect of
mud. Exercises in the gym and pool have a central place in the
rehabilitation of AS patients. Prolonged rest leads to muscle
weakness, increased morning stiffness, decreased range of mo-
tion, reduced respiratory index, accelerated ankyloses, or con-
tractures. Different analgesic procedures (heat, ice, interfering
currents, ultrasound, transcutaneous electrical nerve stimula-
tion — TENS) are often prescribed. Massage relaxes muscles
and has a whole-body relaxing effect. The goals of multimodal
spa physical therapy are numerous — to reduce pain, inflamma-
tion, stiffness in joints, and muscle spasm, accelerate the re-
sorption of edemas and exudates, prevent contractures and an-
kyloses, strengthen muscles, preserve posture, and improve
functional ability, health, and mood.

A recommended core set to assess complex spa physical
therapy includes several domains: pain, axial stiffness, spinal
mobility, physical function, fatigue, and patient’s global as-
sessment. Many studies use QoL questionnaires and ASAS 20
improvement, which leads us to believe that the proposed core
set can be extended with these instruments. All the instruments
are standardized and easy to use, and their application has re-
duced the potential bias of the interviewers to the smallest pos-
sible extent since most of the questionnaires are filled out in-
dependently. The BASMI index contains objective parameters
(occiput-wall distance, lateral flexion, modified Schober in-
dex, etc.), so the bias of the interviewers cannot be entirely
eliminated. Survey for patients may show their health condi-
tion better than it really is, but this is practically eliminated in
tests as they are done two or more times. In the future, large
studies with a low risk of bias are needed.

Natural factors are complex; they act simultaneously
and should not be separated. However, when applied togeth-
er, they lead to positive effects on AS patients that persist for
several months after the end of the spa program, as shown by
“cost-benefit” studies.
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Abstract

Background/Aim. The incidence of nodular thyroid dis-
ease increases significantly with age as well as the inci-
dence and aggressiveness of thyroid cancers. The aim of
the study was to determine whether thyroid surgery for
geriatric patients is safe in a short hospital stay surgery set-
ting. Methods. In this retrospective study, medical histo-
ries of all operated geriatric patients (65 years and older),
in whom a total thyroidectomy (TT) or hemithyroidecto-
my (HT) was performed from January 2012 to December
2018, were analyzed. A total of 976 patients were operated
on for thyroid diseases in the mentioned period, out of
which 247 geriatric patients fulfilled the inclusion criteria.
Patients with thyroid reoperations and simultaneous neck
lymph node dissections were excluded from the study. The
geriatric patients were divided into two groups: the HT
group (33 patients) and the TT group (214 patients). Each
of these two geriatric groups, HT and TT, had two addi-
tional paired control groups. Control group I consisted of
younger subjects from 20—44 years, and control group II
included middle-aged subjects from 45-64 years. Results.
All three TT groups — geriatric, control I, and control II,

Apstrakt

Uvod/Cilj. Incidenca nodularnih bolesti Stitaste zlezde
znacajno raste sa starenjem, kao i incidenca i agresivnost
karcinoma stitaste zlezde. Cilj rada bio je da se utvrdi da li je
operacija Stitaste zlezde bezbedna kod starijih bolesnika u
okviru koncepta kratkotrajnog postoperativnog boravka u
bolnici. Metode. U studiji retrospektivnog tipa, analizirane su
istorije bolesti svih operisanih bolesnika starijih od 65 godina
kojimah je wuradena totalna tireoidektomija (TT) ili
hemitireoidektomija (HT) u periodu od januara 2012. do
decembra 2018. godine. U navedenom periodu ukupno je

had 214 patients each, and all three HT groups had 33 pa-
tients each. In all three HT groups, the average hospital
stay was 24 hrs, while in the TT geriatric group, 150
(70.1%) of 214 patients spent 24 hrs at the hospital. In the
geriatric population, the incidence of neck swelling and in-
creased drainage output were higher compared to both
control groups, and thus the need for longer hospitaliza-
tions. When the age was compared, it was shown that sub-
jects with each subsequent year of intervention had a 22%
lower chance of developing complications, and regarding
the pathohistological finding, benign thyroid hyperplasia
was less likely to develop complications compared to ma-
lignant hyperplasia. Conclusion. According to the study,
TT can be safely performed within the concept of a short
hospital stay in patients under 65 years, while in the elder-
ly, hospitalization days may be extended due to more fre-
quent surgical and nonsurgical complications. Speaking of
HT, the short hospital stay is safe for all age groups.

Key words:

aged; length of stay; minor surgical procedures;
postoperative complications; risk factors;
thyroidectomy; thyroid gland.

opetisano 976 bolesnika zbog bolesti stitaste zlezde, od kojih
je 247 gerijatrijskih bolesnika ispunilo kriterijume da budu
ukljuceni u studiju. Bolesnici kod kojih je bila radena
reoperacija Stitaste Zlezde, kao i bolesnici kod kojih je
istovremeno bila uradena tireoidektomija i disekcija limfnih
¢vorova vrata, bili su iskljuceni iz studije. Gerijatrijski
bolesnici bili su podeljeni u dve grupe — u prvoj grupi bili su
bolesnici kod kojih je izvrsena HT (33 bolesnika) a u drugoj
su bili bolesnici kod kojih je izvrsena TT (214 bolesnika).
Svaka od ove dve gerijatrijske grupe, HT i T'T, imala je po dve
uparene kontrolne grupe. Prvu (I) kontrolnu grupu cinili su
mladi bolesnici, od 20-44 godina, a drugu (II) kontrolnu
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grupu ¢inili su bolesnici srednjih godina, od 45—-64 godina.
Rezultati. Sve tri grupe kod kojih je bila izvrsena TT —
gerijatrijska grupa i I i II kontrolna grupa, imale su po 214
bolesnika i svaka od tri grupe kod kojih je bila uradena HT
imala je po 33 bolesnika. Kod bolesnika iz sve tri grupe kod
kojih je bila izvrsena HT, prose¢an boravak u bolnici bio je 24
casa, dok je u gerijatrijskoj grupi bolesnika kojima je bila
uradena TT, 150 (70,1%) od 214 bolesnika provelo 24 sata u
bolnici. U gerijatrijskoj populaciji dolazilo je cesée do pojave
otoka u predelu vrata i povecane drenaze u odnosu na obe
kontrolne grupe, pa je samim tim i postojala potreba za
duzom hospitalizacijom. Poredenjem godina  starosti,
pokazano je da ispitanici sa svakom kasnijom godinom
intervencije imaju za 22% manje Sanse za nastanak

komplikacija, kao i da kod benignih bolesti stitaste Zlezde
postoje manje Sanse za nastanak komplikacija u odnosu na
maligne bolesti. Zaklju¢ak. Prema rezultatima dobijenim u
ovoj studiji, TT se moze bezbedno sprovesti u okviru
koncepta kratkog boravka u bolnici kod bolesnika mladih od
65 godina, dok se kod statijih bolesnika dani hospitalizacije
mogu produziti zbog ¢es¢ih hirurskih i nehirurskih
komplikacija. Kod HT, kratkotrajni postoperativni boravak u
bolnici je bezbedan za sve starosne grupe.

Kljucne reci:

stare osobe; hospitalizacija, duZina ; hirurgija, mala;
postoperativne komplikacije; faktori rizika;
tireoidektomija; tireoidna Zlezda.

Introduction

The incidence of nodular thyroid disease increases sig-
nificantly with age as well as the incidence and aggressive-
ness of thyroid cancers * 2. Since global and regional popula-
tion aging trends are on the rise, including thyroid diseases, it
is essential to establish adequate guidelines and protocols to
provide optimal care for these patients 2,

Short-stay surgery represents a modern, safe, and effec-
tive approach to surgical treatment with numerous benefits
for patients, their relatives, hospitals, and the healthcare sys-
tem in general. This concept is less stressful for patients, es-
pecially when it comes to the youngest and oldest age
groups, which are heavily dependent on their loved ones in
daily life # 5. Despite numerous evaluations on this topic,
there is still a concern that thyroid surgery in the elderly may
lead to more frequent complications than in the younger
population, which led some authors to favor multi-day thy-
roid surgery for adequate preoperative preparation and long-
er postoperative follow-up % 7. The higher percentage of
comorbidities in the geriatric population could be one of the
factors affecting the incidence of intra- and postoperative
complications and, therefore, the period of inpatient stay.
Although most authors consider geriatric thyroidectomy a
safe procedure that fits into the concept of short-stay sur-
gery &9, there is still insufficient literature data regarding the
safety of this approach.

The aim of this study was to determine if thyroid sur-
gery for geriatric patients is safe in a short hospital stay sur-
gery setting.

Methods

In this retrospective study, medical histories of all oper-
ated geriatric patients (65 years and older), in whom a total
thyroidectomy (TT) or hemithyroidectomy (HT) was per-
formed from January 2012 to December 2018 in our hospital,
were analyzed. In the aforementioned period, 976 patients
were operated on for thyroid diseases within the short-stay
surgery setting, out of which 247 geriatric patients fulfilled
the inclusion criteria. In 214 geriatric patients, a TT was per-
formed, while HT was conducted in 33 geriatric patients.

The analyzed geriatric patients were divided into the HT and
TT group; each of these groups was paired with two control
age groups, control | (20-44 years) and control 1l (45-64
years), in a numerical ratio of 1: 1: 1. For TT, each group had
214 patients, and for HT, each group had 33 patients.

Patients with thyroid reoperation, as well as patients who
underwent thyroidectomy and neck lymph node dissection at
the same time, were excluded from the study. All patients
were prepared for short-stay thyroid surgery as outpatients in a
standard manner and were admitted to the surgery department
on the day of surgery. Standard preoperative preparation has
implied anamnesis, clinical examination, blood analyses, bio-
chemical analysis, laboratory analysis for thyroid hormones,
anti-thyroid autoantibodies (anti-thyroid peroxidase and anti-
thyroglobulin antibodies), thyroglobulin, and calcitonin, ultra-
sound imaging of the neck, electrocardiogram, lung X-ray,
cardiologic examination, and an ear, nose, and throat specialist
examination. In certain cases, a part of the preoperative
workup also included an X-ray of the neck for tracheal posi-
tioning, thyroid scintigraphy, percutaneous biopsy, and appro-
priate specialist findings for other conditions patients might
have.

Discharge was planned 24 hrs after the operation, with
an overnight stay, with the possibility of an extension of stay
in case of complications. All operations were performed by a
single surgeon through a neck-based incision using ultra-
sound scissors.

According to the short-stay protocol, patients were pre-
pared completely before arrival and admission to the hospi-
tal 1 11 After that, patients were admitted on the day of
planned surgical treatment and discharged the same day or
24 hrs after the surgery (short-stay concept).

Protocols within the modern one-day surgery provide a
contemporary, safe, and effective approach to surgical treat-
ment with numerous benefits for both the patients and their
relatives, hospitals, and the health system in general. Treat-
ment within one-day surgery gives greater benefits and com-
fort to the patient, to whom the entire treatment and care are
subordinated, unlike standard hospital care, where there are
much more serious patients for treatment. Patients who are
operated on in well-organized day hospital wards receive
treatment that is better adapted to their needs, which allows
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them to be discharged on the same day and return to home
surroundings for easier recovery.

Data were collected from medical histories, operating
protocols, histopathological findings, laboratory findings,
and outpatient examinations. The following data were pro-
cessed: demographic (age and gender), hospital stay, postop-
erative laboratory findings [parathyroid hormone (PTH) — in
the first hour postoperatively, serum calcium — 24 hrs post-
operatively], clinical findings, pathological findings [Ameri-
can Society of Anaesthesiologists (ASA) score, pathohisto-
logical finding, postoperative indirect laryngoscopy], surgi-
cal complications (neck swelling, drainage output > 100
mL/24 hrs, bleeding of the operative wound requiring re-
operation) and nonsurgical complications (hypertensive cri-
sis, exacerbation of the chronic obstructive pulmonary dis-
ease, etc.). The serum calcium levels were measured 24 hrs
after the operation, whereby hypocalcemia was defined as a
value less than < 2.0 mmol/L.

Descriptive statistical methods, methods for testing sta-
tistical hypotheses, and methods for analyzing the relation-
ship between outcomes and potential predictors were used to
analyze the primary data. Descriptive statistical methods
were measures of central tendency, measures of variability,
and relative numbers. The methods used to test the statistical
hypotheses were the 2 test, Fisher’s exact probability test,
analysis of variance, Kruskal-Wallis test, and Mann-Whitney
U test. Logistic regression was used to analyze the relation-
ship between binary outcomes and potential predictors. Pre-
dictors of hospitalization days were analyzed by univariate
and multivariate ordinal logistic regression. Statistical hy-
potheses were tested at a level of statistical significance (al-
pha level) of 0.05. The model of multivariate logistic regres-
sion included those predictors of complications that were sta-
tistically significant in the models of univariate logistic re-
gressions at the level of significance of 0.1 and those that,
based on previous research, are considered significant for
complications. All data were processed in IBM SPSS Statis-

Table 1

tics version 22 (SPSS Inc., Chicago, IL, USA) software
package.

This retrospective observational cohort study was done in
accordance with current Good Clinical Practice guidelines, the
Declaration of Helsinki, and the Ethics Committee approval of
the Clinical Center “Dr. DragiSa MiSovi¢ — Dedinje”, Bel-
grade, Serbia (No. 01-2905/1 from 21 March, 2022).

Results

Out of the total 976 patients that were operated on for
thyroid disease within the short-stay surgery setting, 247 ger-
iatric patients fulfilled the inclusion criteria. In 214 geriatric
patients, a TT was performed, while HT was conducted in 33
geriatric patients.

In all investigated groups of patients, women appeared
more frequently than men, with no statistically significant
difference between the groups (p = 0.114; p = 0.109, re-
spectively). According to the ASA classification system,
the eldest group with HT (Table 1) had a statistically sig-
nificant higher percentage of patients with the ASA Il cat-
egory compared to the controls (p < 0001). The same ap-
peared in the eldest TT group (p < 0.001).

As shown in Table 2, in the geriatric HT group, the most
frequent histopathological diagnosis was benign goiter (includ-
ing incidentally found differentiated microcarcinoma) with no
statistically significant difference compared to the controls (p =
0.222). In the TT groups, benign goiter was also the most fre-
quent pathohistological diagnosis in all three groups (78.5%,
67.3%, and 61.2%, respectively). Diffuse thyroid hyperplasia
(Graves’ disease) appeared most frequently (14%) in the young-
er control group, as expected (compared to the medium age con-
trol group, 4.2%, and the geriatric group, 0%). A statistically
significant difference was found between the TT age groups
with regard to the histopathological findings (p < 0.001).

In all three HT groups, the average hospital stay was
one day (p = 0.133), without surgical complications needing

American Society of Anaesthesiologists (ASA) classification system in relation to age and type of surgery

Hemithyroidectomy

Total thyroidectomy

ASA score 65+ 45-64 65+ 45-64 65+ 45-64
I 0(0.0) 4(12.2) 10 (30.3) 3(L4) 5(2.3) 37 (17.3)
I 20(60.6)  26(78.8)  23(69.7) 154 (72.0) 188 (87.8) 173 (80.8)
i 13 (39.4) 3(9.1) 0(0.0) 57 (26.6) 21(9.8) 4(1.9)
Total 33 (100) 33 (100) 33 (100) 214 (100) 214 (100) 214 (100)

65+ — patients older than 65 years; 45-64 — middle-aged group of patients; 20-44 — younger group of patients.
Results are presented as numbers (percentages) of patients.

Table 2
Pathohistological (PH) findings in relation to age and type of surgery
- Hemithyroidectomy Total thyroidectomy

PH finding 65+ 45-64 65+ 4564 65+ 45-64
Benign goiter 28(84.8) 30(90.9)  32(96.9) 168 (78.5) 144 (67.3) 131(61.2)
Chronic thyroiditis 2(6.1) 3(9.1) 1(3.1) 17(7.9)  29(13.6) 24 (11.2)
Graves’ disease 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0) 9(4.2) 30 (14.0)
Thyroid carcinoma 3(9.1) 0(0.0) 0 (0.0) 29 (13.6) 32 (14.9) 29 (13.6)
Total 33 (100) 33 (100) 33 (100) 214 (100) 214 (100) 214 (100)

65+ — patients older than 65 years; 45-64 — middle-aged group of patients; 20-44 — younger group of patients.
Results are presented as numbers (percentages) of patients.
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reoperation or nonsurgical complications and without mortal-
ity. Two patients out of the middle-aged control group (p =
0.327) had neck swelling caused by subcutaneous seromas,
which were solved by needle puncture in an ambulatory set-
ting.

In the TT geriatric group, 150 (70.1%) of 214 patients
spent 24 hrs in the hospital, while 176 (82.2%) patients of
the middle-aged control group and 178 (83.2%) of the
younger control group spent a similar time in the surgical
ward. The arithmetic mean of the hospital stay was 1.5 days
(range 1 to 7) for the geriatric group, while it was 1.3 (range
1to 7) and 1.4 days (range 1 to 6) for the control groups, re-
spectively. A significant statistical difference was found in
terms of hospital stay between the geriatric and the middle-
aged group (p = 0.011) as well as between the geriatric and
the younger control group (p = 0.010).

There was no statistical difference between the age
groups in the case of postoperative serum calcium (p =
0.107) and PTH levels (p = 0.756).

In the TT groups, the number of postoperative compli-
cations showed a statistically significant difference between
the age groups (Table 3) in terms of neck swelling (10.3%,

Table 3

4.7%, 2.3%, respectively; p = 0.001), drainage output (6.1%,
2.3%, 0.5%, respectively; p = 0.002), while nonsurgical
complications (1.9%, 0%, 0%, respectively; p = 0.036) oc-
curred more frequently in the geriatric group. Four geriatric
patients had nonsurgical complications which prolonged the
hospital stay (hypertensive crisis in three patients and exac-
erbation of chronic obstructive pulmonary disease in one pa-
tient). Neck swelling implied subcutaneous seroma or hema-
toma, which did not require reoperation. In two patients
within the middle-aged control group (45-64 years), postop-
erative bleeding required surgical revision of hemostasis.

For overall 642 patients combined, complications ap-
peared more frequently in patients with thyroid carcinoma
(Table 4) (p = 0.001). We also found that complications, in
general, occurred less frequently as the team acquired more
understanding of this surgical concept (Table 5) (p < 0.001).

The model contains five predictors for potential com-
plications, listed in Table 6, which were compared for 642
respondents (of which 164 had an outcome of interest). The
whole model (with all predictors) was statistically significant
(p < 0.001). There is no significant multicollinearity between
predictors.

Type of complication in relation to age for total thyroidectomy groups

_— Age

Type of complication 65+ 1564 50-a4 p-value
Neck swelling 22 (10.3) 10 (4.7) 5(2.3) 0.001
Drainage output > 100 mL/24 hrs 13 (6.1) 5(2.3) 1(0.5) 0.002
Hypocalcaemia < 2.0 mmol/L 21 (9.8) 20 (9.3) 28 (13.1) 0.396
iPTH < 3 pg/mL 28 (13.1) 22 (10.3) 23 (10.7) 0.619
Unilateral vocal cord palsy 2(0.9) 1(0.5) 2(0.9) 1.000
Bilateral vocal cord palsy 0 (0.0) 0 (0.0) 0 (0.0) 1.000
Bleepli_ng into the pperative wound 0(0.0) 2(0.9) 0(0.0) 1.000
requiring reoperation

Nonsurgical complications 4(1.9) 0 (0.0) 0 (0.0) 0.036

iPTH - intact parathyroid hormone; 65+ — patients older than 65 years; 45-64 — middle-aged group of patients;
20-44 — younger group of patients. Results are presented as numbers (percentages) of patients.

Table 4
Pathohistological (PH) findings in relation to complications

PH finding With complications Without complications Total

Benign goiter 106 (23.9) 337 (76.1) 443 (100)

Chronic thyroiditis 15 (21.4) 55 (78.6) 70 (100)

Graves’ disease 5(12.8) 34 (87.2) 39 (100)

Thyroid carcinoma 38 (42.2) 52 (57.8) 90 (100)

Total 164 (25.5) 478 (74.5) 642 (100)

Results are presented as numbers (percentages) of patients.

Table 5
Year of operation in relation to complication rates

Year of operation With complications Without complications Total
2012 48 (41.1) 69 (58.9) 117 (100)
2013 25 (39.7) 38 (60.3) 63 (100)
2014 19 (19.2) 80 (80.8) 99 (100)
2015 27 (34.6) 51 (65.4) 78 (100)
2016 12 (13.8) 75 (86.2) 87 (100)
2017 24 (20.5) 93 (79.5) 117 (100)
2018 9(11.1) 72 (88.9) 81 (100)
Total 164 (25.5) 478 (74.5) 642 (100)

Results are presented as numbers (percentages) of patients.
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Table 6

Multivariate logistic regression of complication occurrence as a dependent variable

Independent variable RC p-value OR (95%Cl)
Age categories -0.325 0.012 0.72 (0.56-0.93)
Gender 0.646 0.054 1.91 (0.99-3.67)
Year of operation -0.247 <0.001 0.78 (0.71-0.86)
Patohistological finding
Benign goiter -0.700 0.005 0.50 (0.31-0.82)
Chronic thyroiditis -0.871 0.020 0.42 (0.20-0.87)
Graves’ disease -0.828 0.131 0.44 (0.15-1.28)
Thyroid carcinoma reference category
ASA 0.328 0.171 1.39 (0.87-2.22)

ASA - American Society of Anaesthesiologists; RC - regression coefficient;

OR - odds ratio; Cl — confidence interval.
Bolded values are statistically significant.

Table 7

Ordinal logistic regression of the number of hospitalization days as a dependent variable

Independent variable

univariate

Ordinal logistic regression
multivariate

OR (95%Cl) p-value OR (95%Cl) p-value

Age categories 0.70 (0.56-0.89) 0.003 0.77 (0.59-1.01) 0.060
Gender 0.73 (0.39-1.37) 0.329
Year of operation 0.77 (0.70-0.85) <0.001 0.77 (0.70-0.85) <0.001
Patohistological finding

Benign goiter 0.48 (0.30-0.78) 0.003 0.58 (0.35-0.95) 0.031

Chronic thyroiditis 0.30 (0.14-0.67) 0.003 0.37 (0.16-0.83) 0.016

Graves’ disease 0.22 (0.07-0.66) 0.007 0.50 (0.16-1.58) 0.239

Thyroid carcinoma

ASA 1.48 (0.97-2.25)

reference category

reference category

0.068 1.54 (0.94-2.52) 0.087

ASA - American Society of Anaesthesiologists; OR — odds ratio; Cl — confidence interval.

Bolded values are statistically significant.

In the multiple logistic regression model, the following
are statistically significant predictors of complications: older
patients (p=0.012) with the odds ratio (OR) of = 0.72, which
shows that patients in the younger age category have a 28%
lower chance for the occurrence of complications, with con-
trol of all other factors in the model; earlier year of operation
(p < 0.001), with OR = 0.78, which shows that respondents
with each subsequent year of operation have a 22% lower
chance of complications, with control of all other factors in
the model; histopathological finding of benign goiter (p =
0.003), with OR = 0.50, which shows that patients with be-
nign goiter have a 50% lower chance of complications;
chronic thyroiditis (p = 0.020), with OR = 0.42, which shows
that subjects with chronic thyroiditis have a 58% lower
chance of developing complications, both compared to thy-
roid carcinoma as a reference category.

The multivariate ordinal logistic regression model in-
cludes those predictors of hospital length that were statisti-
cally significant in the univariate logistic regression models
at a significance level of 0.1 and which, based on previous
research, are considered significant for hospitalization length
(Table 7). Due to multicollinearity, the complication variable
was not included in the models.

In the multivariate ordinal logistic regression model
with the number of days of hospitalization as a dependent
variable, statistically significant predictors of longer hospi-
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talization are earlier years of operation (p < 0.001) and histo-
pathological finding, where benign goiter (p = 0.031) and
chronic thyroiditis (p = 0.016) have a significantly lower
chance of longer hospitalization compared to thyroid carci-
noma as a reference category.

Discussion

The main obstacle for short-stay thyroid surgery is the
possibility of postoperative bleeding in the thyroid lodge and
in the closed paratracheal space with consequent compres-
sion on the cervical trachea, which can lead to asphyxia. In
about 50 to 75% of cases, this complication occurs in the
first six to eight hours after surgery 2, even though there are
cases described in which this complication occurred several
days after thyroidectomy 2725, In our study, this complication
occurred in two patients of the middle-aged group with TT,
where one of these patients needed a reoperation two days
after surgery (the bleeding site was the anterior jugular vein).
In general, in about 80 to 97% of patients, postoperative
bleeding occurs in the first 24 hrs after surgery > 519, God-
balle et al. *® claimed that the relative risk of bleeding in pa-
tients aged 50 and over is 1.5 times higher than in those
younger than 50. Bergenfelz et al. ?° showed in their work
that the group of patients with postoperative bleeding had an
average age of 60 years, which, compared to the average age
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of 48 years of the group of patients without postoperative
bleeding, proved to be statistically significant. Patients on
anticoagulant or antiplatelet therapy (which appears more of-
ten in the elderly) tend to have late postoperative bleeding,
according to a larger number of authors 2-22,

Another limiting factor for the implementation of a short-
stay surgery approach in thyroid surgery is hypocalcemia, which
occurs in 5% to 35% of cases and is usually clinically manifest-
ed 12 to 72 hrs after surgery 2-%; fortunately, in the majority of
cases, it is temporary. Hypocalcemia 24 hrs after TT operation
occurred in all three age groups, with similar percentages and no
statistically significant difference. Given this fact, hypocalcemia
is the most common complication after TT, which was the case
in our series as well (10.8%). Postoperative hypocalcemia, as a
complication after HT, does not occur since there are always
parathyroid glands on the contralateral side of the thyroid gland,
whose function is not compromised by surgery.

In order to predict which patient will develop hy-
pocalcemia after TT, for the timely initiation of replacement
therapy with calcium and vitamin D preparations, as well as
discharge from the ward, we decided to determine early
postoperative PTH as a predictor of hypocalcemia. In our
study, early postoperative PTH values lower than 3 pg/mL
appeared in 11.4% of patients after TT, with no significant
difference between the age groups. In a multicenter study,
Noordzij et al. 2 concluded that postoperative PTH with val-
ues lower than 10 pg/mL predicted hypocalcemia. In the case
of normal values of postoperative PTH, the probability of se-
vere hypocalcemia is minimal, which can accelerate the dis-
charge of these patients from the ward.

The rarest complication after thyroid surgery, which
could be a limiting factor for a short stay, is bilateral paral-
ysis of the vocal cords, with a frequency of about 0.2% to
0.6% 2% 28, This complication is potentially life-threatening
and is obvious immediately after the operation; it requires
an adequate assessment of airway patency and airway suf-
ficiency and, quite often, placement of a temporary trache-
ostomy. Fortunately, we had no case of bilateral paralysis
of the vocal cords in our study. The most common cause of
poor vocal cord mobility after thyroidectomy is recurrent
nerve neurapraxia, which in most cases is a temporary
complication with complete recovery expected after a few
weeks. However, the frequency of permanent recurrent
nerve injury should not exceed 1% %°. We had no case of
recurrent nerve injury in the HT groups, while in the TT
groups, we had no significant difference between the age
groups in unilateral paralysis of the vocal cords, with an
overall rate of 0.78%. Unilateral injury to the recurrent

nerve results in hoarseness of the voice, which does not re-
quire an extended hospital stay.

While the average hospital stays for all HT groups in our
study was one day with no significant complications in all pa-
tients, the oldest TT age group showed a statistically significant
longer hospital stay in comparison to the younger age groups as
a result of a higher rate of surgical and nonsurgical complica-
tions. Schwartz et al. ** and Tartaglia et al. 3! showed in their
works that complications occur more often in the elderly, while
Canonico et al. ® and Seybt et al. *2claim that there is no signifi-
cant difference between the age groups. In the study of Gervasi
et al. 2, age over 70 is an independent factor for complications
after each surgical procedure under general anesthesia. Mekel
et al. ® claim that postoperative complications increase signifi-
cantly with the patient’s age, from 9% in the control group
(mean age 50.1 years) to over 24% in octogenarians.

According to our first logistic regression model, statis-
tically significant predictors of complications, except age,
are pathohistological findings and the surgeon’s experience.
In numerous studies, it is stated that a higher percentage of
complications is associated with a higher percentage of thy-
roid malignancy in the elderly 327, which corresponds to the
results of our study. This fact we also confirmed in our sec-
ond multivariate ordinal logistic regression model with the
number of days of hospitalization as a dependent variable,
where thyroid malignancy manifested as a significant predic-
tor of longer hospital stay.

The admission of patients for thyroidectomy into the short-
stay surgery protocol should be kept for experienced endocrine
surgeons and teams, i.e., those who operate on more than 100
thyroidectomies per year ® %, In our study, all operations were
performed by one surgeon and their team, and the complication
rate was lower as more experience was gained each year. This
fact we also confirmed in our second multivariate ordinal lo-
gistic regression model with the number of days of hospitaliza-
tion as a dependent variable, where an earlier year of operation
showed as a significant predictor of longer hospital stay.

Conclusion

According to our study, TT can be safely performed
within the concept of a short hospital stay in patients under 65,
while in the elderly, hospitalization days may be extended due
to more frequent surgical and nonsurgical complications. On
the other hand, HT is safe for all age groups. Short-stay thy-
roid surgery, especially for geriatric patients, should be carried
out by endocrine surgeons with experience with this kind of
surgical setting in order to lower the length of hospitalization.
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Abstract

Background/Aim. Neurofeedback (NFB) training of
sensorimotor rhythm (SMR) contributes to improving
cognitive performance and increasing attention. SMR
power is increased when a person is focused and task-
oriented. The shorter reaction time (RT) of the P300 au-
ditory evoked potentials (AEPs) is associated with better
attention. Hence, the increase in SMR power after NFB
SMR training should decrease the RT in a cognitive task.
The aim of the study was to examine the ability of
healthy individuals to modulate the SMR of electroen-
cephalographic (EEG) activity between 12 and 15 Hz
during 20-day NFB training sessions. In addition, the ef-
fect of NFB SMR training on RT was investigated.
Methods. Participants were divided into experimental
and control groups, with 24 subjects (12 males and 12
females) in each group, aged between 25 and 40 years.
Participants in the experimental group were trained with

Apstrakt

Uvod/Cilj. Efekat treninga nervnog sistema povratnim
informacijama  —  neurofeedback  (NFB)  trening
senzomotornog ritma (SMR) doprinosi poboljsanju

kognitivnih sposobnosti i povecanju paznje. Snaga SMR
se povecava kada je osoba usmerena na odredeni
kognitivni zadatak. Krac¢e vreme reakcije (VR) auditivnih
evociranih potencijala (AEP) P300 povezano je sa
boljom paznjom. Stoga se ocekuje da nakon NFB SMR
treninga dode do poveéanja snage SMR i posledi¢no do
smanjenja VR u kognitivnom zadatku. Cilj rada bio je da

authentic NFB SMR training, while in the control group,
false (placebo) training was applied. AEPs were regis-
tered on five occasions: before NFB training, after 5, 10,
and 20 training sessions, and one month after the last
training. Results. The results showed that a series of 20
NFB SMR training sessions increased the amplitudes of
the SMR. RT in the experimental group was significantly
shortened, while in the control group, it was not ob-
served. Moreover, the increase in the power of the EEG
signal of the SMR showed a negative correlation with
RT, but only in a subgroup of male subjects. Conclu-
sion. The obtained results indicate the effects of NFB
training on the improvement of the attention process ex-

pressed by RT.

Key words:

attention; brain; cognition; electroencephalographys;
event-related potentials, p300; evoked potentials,
auditory; feedback, sensory.

se ispita mogucnost zdravih osoba da moduliraju SMR
elektroencefalografske (EEG) aktivnosti izmedu 12 i 15
Hz, tokom 20-dnevnih sesija NFB treninga. Pored toga,
proucavan je i efekat NFB SMR treninga na VR.
Metode. Ispitanici su podeljeni u eksperimentalnu i
kontrolnu grupu, sa po 24 ispitanika (12 muskog i 12
zenskog pola) zivotnog doba izmedu 25 i 40 godina.
Ispitanici u cksperimentalnoj grupi trenirani su
autenticnim NFB SMR treningom, dok je u kontrolnoj
grupi primenjivan lazni (placebo) trening. AEP su
registrovani u pet navrata: pre primene NFB treninga,
posle 5, 10, i 20 sesija treninga, kao i jedan mesec nakon
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poslednjeg treninga. Rezultati. Rezultati su pokazali da
serija od 20 NFB SMR treninga povecava amplitude
SMR. U eksperimentalnoj grupi bilo je znac¢ajno skraceno
VR, dok u kontrolnoj grupi to nije zabelezeno. Takode,
povecanje snage EEG signala SMR bilo je u negativnoj
korelaciji sa VR, ali samo u podgrupi ispitanika muskog
pola. Zaklju¢ak. Dobijeni rezultati ukazuju na efekte

NFB treninga na poboljsanje procesa paznje, izrazeno
pomocu VR.

Kljucne reci:

paZnja; mozak; saznanje; elektroencefalografija;
potencijali povezani sa dogadajima, p300; evocirani
potencijali, auditorni; povratna informacija, senzorna.

Introduction

For many years, cognitive training with neurofeedback
(NFB) has proven to be a useful noninvasive and nonphar-
macological method in improving numerous cognitive per-
formances. NFB, a form of biofeedback, represents a form of
neuromodulation in which individuals have information
about the state of electroencephalographic (EEG) activity
(brain waves) with the ability to control and self-regulate
brain activity through the paradigm of operant conditioning.
The modification of brain activity occurs not only through
the feedback of operant conditioning but also through the
modification of an individual’s perception of their physiolog-
ical state. Thus, two processes are involved in NFB — uncon-
scious through operant conditioning and conscious cognitive
self-perception L.

NFB protocols are based on amplifying, inhibiting, or
harmonizing certain EEG rhythms. Sensorimotor rhythm
(SMR) NFB training is used as a therapeutic method in vari-
ous types of disorders such as attention deficit hyperactivity
disorder (ADHD) and epilepsy 2®. Research studies on
healthy individuals, as well as on patients with brain damage,
have also found positive effects of NFB SMR training proto-
cols on cognitive functions ®1". NFB has also been employed
in the treatment of anxiety and traumatic brain injury and in
the recovery of patients with impaired motor performance .
Recently, the use and research in the field of EEG-NFB have
expanded to a healthy population, as is the case in memory
training, attention, and other cognitive abilities in young
adults or the elderly population **22, The method is used to
improve athlete performance training, creativity, or even op-
timize microsurgical skills %.

SMR or SMR waves training refers to cognitive func-
tion, better focus, and increased attention and concentration.
SMR or SMR waves are beta waves in the frequency range
between 12-15 Hz that occur in the sensorimotor region of
the brain regulated by the thalamocortical loop ?. SMR is
observed when a person is immobile but mentally focused
and attentive.

With the NFB SMR protocol, the subject trains to gain
control in terms of increasing the amplitude of SMR waves,
which subsequently results in improved cognitive perfor-
mance in terms of increased attention and better focus. P300
cognitive evoked potential is frequently considered a neuro-
physiological marker of auditory attention . P300 is an en-
dogenous cognitive neuroelectric phenomenon that occurs
under the influence of endogenous stimuli and depends on
the state of alertness, concentration, and type of task that the
subject is obliged to perform. Event-related potential (ERP)

Stankovi¢ I, et al. Vojnosanit Pregl 2023; 80(5): 396—403.

components are represented by a series of positive and nega-
tive waves (N100, P100, N200, P200, and P300) of different
duration and amplitudes, of which the most significant is
P300. Cognitive potentials with long latency are bioelectrical
responses to thalamic and cortex activity 2. The amplitude
and latency of ERP components reflect the processes of per-
ception, attention, cortical inhibition, memory updates, and
other cognitive activities 7. Latency [expressed in millisec-
onds (ms)] is defined as the time from the stimulus presenta-
tion to the point of maximum amplitude. The higher ampli-
tudes and shorter latencies and reaction time (RT) of the
P300 component are associated with better attention 2.

Studies of NFB training in a healthy young population
have shown that the SMR protocol could be an effective
method for improving attention and perceptual ability, reduc-
ing RT, and increasing semantic working memory 3.

Previous studies have found an association between in-
creased SMR power and improvement of attention as well as
increased SMR power and RTs in cognitive tasks, mostly in
groups of participants with a variety of neurocognitive disor-
ders. SMR power is increased when a person is focused and
task-oriented. Hence, the increase in SMR power after NFB
SMR training should decrease RT in a cognitive task.

So far, no studies have used a blind placebo-controlled
study design in analyzing the effects of NFB SMR training
on RT in auditory ERPs. Therefore, the aim of our study was
to examine whether healthy subjects aged 25 to 40 years can
modulate the lower-beta frequency band (12-15 Hz), called
SMR, through 20 NFB SMR training sessions and influence
RT compared to the placebo-control group of peers.

Methods

Participants

The study involved 48 healthy participants of both sex-
es (24 males and 24 females), 25 to 40 years old. The partic-
ipants were recruited from the Institute for Experimental
Phonetics and Speech Pathology and the Life Activities Ad-
vancement Center in Belgrade, Serbia, whose Laboratory for
Cognitive Research conducted the experiments. Participants
were without hearing or speech disorders, with no prior or
current neurological or psychiatric illness (based on the par-
ticipant’s verbal report). All participants were right-handed,
according to the Edinburgh Handedness Inventory. Each par-
ticipant gave their written informed consent before the exper-
imental procedure. This study was approved by the Ethics
Committee of the Institute for Experimental Phonetics and
Speech Pathology “Dorde Kosti¢” in Belgrade, on February
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12, 2019 under the number 22/19 according to the Declara-
tion of Helsinki.

Participants were divided into the control (placebo) and
experimental (treatment) groups. Each group consisted of 24
subjects (12 males and 12 females) aged 25 to 40 years. Each
of the 24 participants of the experimental group had 20 NFB
SMR training sessions, while the participants of the control
group had a placebo NFB training.

Auditory event-related potentials recording

The auditory event-related potentials (RERP) were rec-
orded using a standard oddball go/no-go paradigm. To obtain
the P300, an auditory “oddball” paradigm with two tones
was used, with 80% of non-target and 20% of target stimuli.
Participants had a task to react by pressing a control button
with the right hand’s thumb each time they heard a tone that
differed from other tones that were mostly presented. A total
of 80% of each presented tone had a frequency of 1,000 Hz,
and 20% of tones were oddballs with a frequency of 2000
Hz. The tones were randomly presented to the participants.
The participants listened to the tones using earphones. Three
Ag/Ag-Cl ring electrodes for aERP registration were posi-
tioned according to the International 10-20 System of Elec-
trode Placement at the Fz (frontal midline), Cz (central mid-
line), and Pz (parietal midline) regions. The reference elec-
trode was set to the ear lobes, and the ground electrode was
on the forehead. The impedance was kept below 5kQ with no
more than 1kQ difference between electrodes. The software
has its own implemented tool for artifact rejection. Each re-
cording section that had more than 20% of rejected trials due
to excessive artifacts was discarded and redone. Each partic-
ipant underwent the experimental procedure in the morning
hours (9-11 am). For each participant, averaged amplitude
(1V) and latency (ms) of N100, N200, and P300 waves were
obtained for each electrode (Fz, Cz, and Pz). The aERP were
recorded at the beginning (t1), after 5 (t2), 10 (t3), and 20
(t4) NFB SMR treatments, as well as one month after the last
NFB SMR treatment (t5). The aERP were recorded using a
Nihon Kohden Electroencephalograph (model EEG-4314F)
and Neuroscan Acquire 4.0 software.

Neurofeedback sensorimotor rhythm protocol training

The task for participants of the experimental group was
to perform NFB SMR training, thus increasing the amplitude
of SMR. Each participant took part in 20 sessions of NFB
SMR protocol training three times a week for 33 min: 2 min
of the resting-state period (watching a blank computer
screen) at the beginning, four training trials, each lasting 6
min, and 2 min resting state at the end.

During the trials, the participants look at the physiolog-
ical responses on the screen in the form of pictures and video
games. The information that comes from this process is
feedback, which is reflected in changes in the image or
sound of the video game used for training. For the control
group, the games are designed to let the participants advance
in the game if they can bring the physiological function be-

ing rehearsed to the desired level. After each trial, partici-
pants had a one-minute break. While the experimental group
had to improve the amplitude of the SMR during 20 instru-
mental conditioning sessions, the control group received
false feedback. The control group had the same test protocol
and amount of treatments. The training design of the control
group was identical and differed only in the frequency set-
ting where the respondents did not receive feedback related
to their achievement. For a detailed description of the place-
bo control study design, see Lansbergen et al. .

The NFB SMR training was performed using BioTrace
software for Nexus — 10B2015. The electrode was set to a Cz
region (central midline-vertex region). After 5, 10, and 20
NFB SMR training sessions, as well as one month after the
last session, participants were re-registered with aERP using
the same procedure as at the beginning.

Statistical analysis

This study had a small sample with the obtained data
that did not have a normal (Gaussian) distribution. Hence,
the groups (experimental and placebo) were compared for
NFB SMR power and RT using nonparametric statistics —
Kruskal Wallis test for exploring the effect of time point (be-
fore NFB, after 5, 10, 20 sessions, and one month after the
last training session) and Wilcoxon signed ranks test for post
hoc multiple comparisons reporting Z score and p-value. The
Wilcoxon signed ranks test was used to compare male and
female participants. Finally, we have used the Pearson corre-
lation coefficient to probe an association between RT and
NFB SMR power in the Cz region in the experimental group.
In each comparison, a 95% confidence interval was used.

Results

The first level of analysis was to explore the effect of
group (experimental — treatment vs. control — placebo) on
NFB SMR power. The Kruskal Wallis test found a signifi-
cant effect of group on NFB SMR power in the Cz region
after 10 sessions: H (47) = 3.244, p < 0.01, and 20 sessions:
H (47) = 4.205, p < 0.001. No differences between the ex-
perimental and control group were found after 5 sessions. In
addition, in the experimental group, the post hoc Mann
Whitney U test found a statistically significant difference in
NFB SMR power between the 5" and 10" session: Z =
3.776, p < 0.01; between 5™ and 20" session: Z = 4.713, p <
0.001; as well as between 10" and 20" session: Z = 2.859, p
= 0.02. The results show a statistically significant linear in-
crease in NFB SMR power as a result of NFB SMR training
sessions in the Cz region in the experimental (treatment)
group. No such trend was found for the placebo control
group (Figure 1).

The next level of analysis was to explore the effect of
NFB SMR training on average RT in both groups (experi-
mental — treatment vs. control — placebo). The Kruskal Wal-
lis test found a significant effect of group on RT at the fol-
lowing time points: t1 — H (47) = 2.672, p = 0.02; t2 - H (47)
=3.165, p<0.01; t3-H (47) = 3.822, p < 0.001; t4 — H (47)
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= 3.047, p < 0.01. The next level of analysis was to explore
the effect of NFB SMR training sessions on RT in the exper-
imental and placebo group separately. In the experimental
group, post hoc Mann Whitney U test found a statistically
significant difference in RT between t0 and t1: Z = 2.427, p
= 0.02, between t1 and t2: Z = 2.344, p = 0.03, and between
t2 and t3: Z = 2.859, p < 0.01.

The results show a statistically significant linear de-
crease in RT as a result of NFB SMR training sessions in the
Cz region in the experimental (treatment) group. No such
trend was found for the placebo control group (Figure 2).

In the experimental group, the post hoc Mann Whitney
U test found a statistically significant difference between
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male and female participants in RT at each time point: t0 —
Z =2105 p=0.02;tl -Z=2237,p=0018; t2 - Z =
2.336,p=0.018;t3-2=2.291,p<0.01;t4-Z2=2.341,p
< 0.01.

Male participants had shorter RT compared to females
(Figure 3).

In the experimental group, post hoc Mann Whitney U
test found a statistically significant difference between male
and female participants in NFB SMR power in each of three-
time points — after 5 sessions: Z = 4.236, p < 0.01; after 10
sessions: Z = 2.382, p = 0.018; as well as after 20 sessions: Z
= 2.116, p = 0.018. Male participants had higher NFB SMR
power compared to females (Figure 4).
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Fig. 1 — The effect of neurofeedback (NFB) sensorimotor rhythm
(SMR) training on the NFB SMR power after 5, 10, and 20 NFB
sessions in experimental and placebo groups.

780 —
760

720
700 —

680 ™

Reaction Time (ms)

660 1
640

620

R

—a— Experimental
—e— Placebo

600 . .

Time point

Fig. 2 — The effect of neurofeedback sensorimotor rhythm
training on average auditory evoked potentials reaction
time in the central midline region for each group
(experimental and placebo) and at each time point.
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Fig. 5 — Correlation between neurofeedback
(NFB) sensorimotor rhythm (SMR) power and
reaction time (RT) after 20 NFB SMR sessions in
male participants from the experimental group.

The final level of analysis was to probe a potential as-
sociation between NFB SMR power and RT after 20 NFB
sessions in male participants from the experimental group
(Figure 5). A Pearson correlation coefficient (linear R?)
showed a significant negative correlation between NFB SMR
power in the Cz region and RT after 20 NFB sessions: R? =
0.024, p = 0.02. Results showed a linear reduction of RT
with the increase in NFB SMR power in male participants
from the experimental group.

Discussion

The aim of this study was twofold. We first examined
whether healthy subjects could modulate their EEG activity

using NFB training. Second, we examined the effect of NFB
SMR training on RT. Finally, we examined the correlation
between NFB SMR power and RT.

The study showed that the subjects of the experimental
group were able to increase their EEG activity within NFB
training in the trained frequency range of 12-15 Hz.

Several studies have shown that subjects can learn to
self-regulate different parameters of EEG activity (amplitude
and coherence of EEG signals) through NFB training 3°-%%

The study of Doppelmayr and Weber ** showed that
subjects who had SMR training were able to modulate the
EEG in the trained frequency bands as opposed to the control
and theta/beta ratio groups. In addition, only the SMR group
was able to achieve better results in RT tasks. In a study by
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Vernon et al. 13, healthy subjects were able to increase SMR
activity after only eight NFB sessions, which was associated
with an improvement in memory tasks. Gadea et al. *
showed that healthy women were able to improve SMR
waves, and this was positively associated with improved per-
formance in a test that measures executive attention. In the
study by Parsaei et al. *, there was an increase in SMR
waves and a significant improvement in RT in the experi-
mental group of older men but not in the control group,
which had a false NFB. In our study, the effect of NFB SMR
training was examined in the experimental group on RT.
NFB SMR training caused a reduction in RT in both male
and female participants observed as a group. However, the
increase in NFB SMR power had a statistically significant
negative correlation with the RT only in male participants.
That is probably the explanation for the shorter RT in male
participants compared to female ones.

The oddball paradigm was used to generate P300 poten-
tial. It is the auditory discrimination test, which involves the
use of two types of tones: high-frequency arrhythmic tone
and low-frequency rhythmic tone. The difference between
the two tones is in frequency and intensity *. The respondent
is presented with two types of auditory stimuli: the “rare” or
“unexpected” arrhythmic tone, which represents the target
stimulus and differs in frequency from the “standard” or
“expected” tone and occurs about it in random order. The
participant is required to respond to an “unexpected” tone
(pressing a key) and ignore the “standard” tone, i.e., to rec-
ognize target stimuli in a series of stimuli that differ in one
feature (volume, duration) and are less probable than the
standard ones. The oddball experimental paradigm requires
the attention and concentration of respondents.

Components can be analyzed in terms of their latency
and amplitude. Registration of these potentials shows a se-
quence of peaks with negative-positive-negative-positive po-
larity (N1-P2-N2-P3) at intervals of 80 and 350 ms after
stimulation %,

Latency represents the time interval, that is, the period
from the moment of stimulation to the appearance of maxi-
mum amplitude, i.e., the peak of ERP. Latency reflects the
speed of processing of sensory stimuli as a consequence of
distinction from the other stimuli. Therefore, shorter laten-
cies are considered to reflect more effective mental perfor-
mance compared to longer latencies.

A large number of studies talk about the positive effects
of NFB SMR on selective attention, auditory attention, pho-
nological awareness *” %, RTs, and memory *: “°, Bielas and
Michalczyk #* demonstrated an improvement in attention ca-
pacity after the beta protocol of NFB training (12-22 Hz),
with an active electrode set to Cz in the elderly population.
Analysis of RT of the subjects after NFB training showed a
significant improvement. In contrast, the difference in RT in
the control group that did not have NFB training was not
significant. In children and adolescents with focal epilepsy,
SMR training significantly reduced RT *2 In the Kober et
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al. 1 study of subjects after stroke, the experimental but not
the control group showed a linear increase in SMR strength
during training, which was associated with improvements in
memory and attention. In addition, the increase in SMR led
to a more pronounced stimulus processing, which is shown
by the increased amplitude of N1 and P3 evoked potential. In
an extensive Kaiser and Othmer *® study, NFB training on a
large number of subjects produced significant improvement
in attention and impulse control in 85% of subjects. Egner
and Gruzelier * investigated the different effects of SMR
(12-15 Hz) and beta (15-18 Hz) NFB training on different
performances. In their research, SMR training resulted in in-
creased perceptual sensitivity and better attention, and low
beta rhythm training gave faster RT. In this study, as in ours,
the differentiation of cognitive performance in relation to
gender shows that male subjects had a faster RT compared to
female subjects, which is consistent with the results of Adam
et al. *® and Botwinick and Thompson .

Much research has been devoted to studying the effects
of gender differences in RT, and it is often stated that men
have faster and less variable RT than women. One possible
explanation is that gender differences in RT variability may
be due to the influence of sex hormones on the brain and,
implicitly, can be expected in adults but not in children 4" ¢,
Recently, interest in RT has been focused on medium RT
and intraindividual RT variability, i.e., the consistency of an
individual’s response. Intraindividual variability, although
highly correlated with mean RT, is a discrete measure of
cognitive performance. A small number of studies have in-
vestigated gender differences in intraindividual variability in
RT and show that women are less consistent than men “°.
Our study is in line with these findings. After NFB SMR
training, healthy male subjects showed a significant associa-
tion between NFB SMR power and cognitive evoked poten-
tial RT.

EEG-NFB training is a promising technique that helps
an individual learn to modulate brain activity in order to
achieve cognitive and behavioral enhancement.

Conclusion

This study showed the possibility of increasing the
power of SMR by using the NFB training protocols. This re-
sult was confirmed using a placebo-control study group that
showed no such effect. Further, the increase in the SMR
power was followed by a decrease in RT in auditory evoked
potentials. However, these results are limited to a positive ef-
fect of NFB SMR training on auditory attention only. Further
studies should include different modalities of attention (visu-
al, for instance) as well as different age groups (including
children and adolescents).
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Abstract

Background/Aim. Prostate carcinoma (PCa) is second oc-
curring carcinoma that affects the male population. Although
PCa incidence rates are high, most cases have a favorable
prognosis, with comfortable long-term life quality. The aim
of the study was to compate long non-coding RNA
(ineRNA) growth arrest-specific transcript 5 (GAS5) plasma
levels between healthy individuals and patients with PCa, and
also between PCa patients with different prognostic scores.
Methods. The present study included a total of 40 patients
with PCa and a control group of 20 healthy individuals. PCa
patients were divided into two subgroups (20 patients each)
based on the prognostic critetia of the American Joint
Committee on Cancer. The patient data were collected and
analyzed; /neRNA GASS levels were quantified using the re-
al-time polymerase chain reaction method. Statistical analysis
was conducted using the IBM SPSS Statistics 26.0 computer
program (IBM, USA, 2019). Results. The relative quantifi-
cation of mRINA GAS5 expression levels showed down-
regulation in PCa patients compared to healthy individuals;
however, the difference was marginally statistically signifi-

Apstrakt

Uvod/Cilj. Katcinom prostate (KP) je po ucestalosti drugi
karcinom u muskoj populaciji. Premda je incidenca ob-
olevanja od KP visoka, kod najveéeg broja bolesnika
prognoza je povoljna, sa zadovoljavajuéim kvalitetom Zivota
dugoroéno. Cilj rada bio je da se utvrde razlike u nivoima
long non-coding RNA (IneRINA) growth arrest-specific transcript 5
(GASS) u plazmi zdravih ispitanika i bolesnika sa KP, kao i
izmedu obolelih od KP u razlicitim prognostickim sta-
dijumima. Metode. U studiju je bilo ukljuc¢eno 40 bolesnika
sa KP i 20 zdravih osoba (kontrolna grupa). Bolesnici sa KP

cant (p = 0.056). With further analysis of the given results,
we concluded that the expression level of /RNA GASS
was not significantly different in the first patient subgroup
and the healthy individuals (p = 0.268). Patients from the
second subgroup had significantly lower plasma levels of
meRNA GASS than healthy individuals (p = 0.033). The dif-
ference in the level of /mRNA GAS5 expression between
patients with favorable prognoses (Group 1) and the ones
with worse prognostic scores (Group 2) did not indicate sta-
tistical significance (p = 0.275). In both Group 1 (p = 0.805)
and Group 2 (p = 0.454), the plasma levels of /uRN.A GASS
were not significantly different in comparison to the age (=
65 vs. > 65 years). Conclusion. One of the main objectives
of PCa research is identifying novel and more efficient bi-
omarkers. Conducted tresearch provides strong evidence
about the significance of sRNAs GAS5 in PCa, as well as
the correlation between decreased expression of /RNA
GAS5 and poor prognosis in various tumors.

Key words:
biomarkers; prognosis; prostate neoplasms; rna, long
noncoding.

su, na osnovu prognostickih kriterijuma American Joint Com-
mittee on Cancer, bili podeljeni u dve podgrupe (u svakoj po
20 bolesnika). Podaci o bolesnicima su prikupljeni i ana-
lizirani, a mRNA GAS5 je kvantifikovan koris¢enjem
metode lancane reakcije polimeraze u realnom vremenu.
Statisticka analiza podataka izvrsena je pomocu programa
IBM SPSS Statistics 26.0 IBM, USA, 2019). Rezultati. Iz-
mereni nivo ekspresije 72RINA GAS5 bio je nizi kod obole-
lih od KP u odnosu na zdrave osobe, mada grani¢no statis-
ticki znacajan (p = 0,056). Daljom analizom dobijenih po-
dataka, utvrdeno je da razlika u nivou ekspresije /n#RN.A
GASS u prvoj podgrupi bolesnika i zdravih osoba nije bila
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statisticki znacajna (p = 0,268). Bolesnici iz druge podgrupe
imali su znacajno nize vrednosti /RN.A GAS5 u odnosu
na zdravu populaciju (p = 0,033). Razlika u nivou ekspresije
meRNA  GAS5  izmedu bolesnika sa  povoljnijom
prognozom (Grupa 1) i bolesnika sa loSom prognozom
(Grupa 2) nije bila statisticki znacajna (p = 0,275). U oba
slucaja, u Grupi 1 (p = 0,805) i u Grupi 2 (p = 0,454), vred-
nosti smcRN.A GAS5 u plazmi nisu pokazale razliku u od-
nosu na starost bolesnika (< 65 vs. > 65 godina).

Zakljucak. Jedan od glavnih ciljeva u istrazivanju KP je
pronalazenje novih i efikasnijih biomarkera. Sprovedeno
istrazivanje pruza jake dokaze o znacaju /mRNAs GASS u
KP, kao i o povezanosti niskih vrednosti ekspresije /#2¢RIN.A
GAS5 sa losom prognozom kod razlicitih tumora.

Kljucne reci:
biomarkeri; prognoza; prostata, neoplazme; rnk, duga
nekodirajuca.

Introduction

Following lung cancer, prostate carcinoma (PCa) is the
second leading carcinoma in males, accounting for 14.1% of
all newly diagnosed cancers and 6.8% of all cancer-related
deaths . Its incidence in the countries with higher human de-
velopment index (HDI) is 37.5 per 100,000 in comparison to
11.3 per 100,000 in countries with lower HDI . The average
age at the time of PCa diagnosis is 66, with the incidence and
mortality increasing with age 2. PCa is not an aggressive dis-
ease, but it usually metastasizes to bones and lymph nodes 3.
Despite high incidence, PCa has a favorable prognosis, with
high quality of life % The five-year survival rate for local-
ized-stage cancer is 99.3%, with less than 6% progression to
metastatic disease. The five-year survival rate for distant
stage PCa has improved in the last decades and includes
32.3% of all patients °.

There are more than 20 tumor markers currently used in
tumor diagnostics, but only prostate-specific antigen (PSA)
is used in prostate cancer 8. In order to detect an early stage
of asymptomatic PCa, PSA (normal serum level > 4.0
ng/mL) as a primary tumor marker is usually used in combi-
nation with digitorectal examination. However, studies have
shown that levels of PSA in the serum are more specific for
benign prostatic hyperplasia, so only 25% of people with in-
creased levels of PSA will develop PCa . There is a constant
need for discovering novel biomarkers with higher specifici-
ty and sensitivity, which could be used in early diagnosis and
follow-up of patients with PCa.

Nowadays, increased attention is directed toward exam-
ining the impact of long non-coding RNAs (IncRNAs) on
cancer pathology . Long non-coding RNAs, often called
“genomic dark matter”, are non-protein-coding transcripts
with a length of more than 200 nucleotides. Their role in the
human genome is mostly unknown, but novel studies have
shown the involvement of IncRNAs in regulating cell prolif-
eration and apoptosis. They can also interact with promoter
or enhancer sequences to modulate gene expression and,
consequently, act as tumor suppressors or oncogenes 1023,
The finding, which indicates that IncRNA from tumor cells
can be detected in the plasma, has prompted the idea of using
IncRNA as a biomarker in cancer patients °. Indeed, accumu-
lated knowledge on IncRNA has indicated their possible us-
age as diagnostic/prognostic markers and also as therapeutic
targets in many tumors 4,

One of the well-known IncRNAs is growth arrest-
specific transcript 5 (GAS5), a protein non-coding RNA of

Misovi¢ M, et al. Vojnosanit Pregl 2023; 80(5): 404-411.

about 630 nucleotides, initially described as a tumor suppres-
sor. This IncRNA is encoded by the GAS5 gene (1g25), a
member of the 5’-terminal oligopyrimidine (5'-TOP) gene
family, comprised of 12 exons and 11 introns *°. The GAS5
introns are transcribed into 10 box C/D small nucleolar RNA
(snoRNA) molecules involved in the epigenetic regulation of
gene expression % 1% Previous studies have not proven the
connection between the expression levels of InCcRNA GAS5
and patients’ age '* 7. Expression of InCRNA GAS5 is de-
creased in growing tissue but increased in periods of dor-
mancy, so its lower expression can predict a worse progno-
sis 8, There are several tumors linked with lower expression
of IncRNA GAS5, such as colorectal cancer, non-small-cell
lung cancer (NSCLC), breast cancer, gliomas, and others 1°,
Recent data have shown that the INcRNA GAS5 levels were
significantly downregulated in tissues of different tumors
and patient plasma °. Furthermore, the INCRNA GAS5 levels
were reduced significantly in the PCa tissues and cell lines 2.
However, at this moment, published data on the expression
of plasma IncRNA GASS5 levels in PCa patients are deficient.

The aim of the study was to assess the variability of
IncRNA GAS5 plasma levels between healthy individuals and
patients with PCa, between PCa patients with different prog-
nostic scores, and the impact of patients’ age on the INCRNA
GAS5 expression.

Methods

Type of study and patients

The present opservational, prospective, and case-control
study included a total of 40 patients with PCa treated opera-
tively or conservatively at the Clinic for Urology, Military
Medical Academy (MMA), Belgrade, Serbia in 2021 and a
control group of 20 healthy individuals. This research proto-
col was approved by the Ethics Committee of MMA (Ap-
proval No. from 26 April 2018), according to the principles
of the Declaration of Helsinki. All of the participants signed
an informed consent to participate in the study.

The PCa patients were divided into two subgroups (20
patients each) based on the prognostic criteria of the Ameri-
can Joint Committee on Cancer (AJCC) that includes Tumor,
Nodes, Metastasis (TNM) classification, serum concentration
of PSA, and tumor grade (Gleason score — GS) 2. Group 1
included patients with favorable prognostic scores 1 and 2
according to AJCC criteria, while Group 2 included patients
with AJCC unfavorable prognostic scores 3 and 4. Control



Page 406 VOJINOSANITETSKI PREGLED Vol. 80, No. 5
Table 1
Age, family history of prostate carcinoma, body mass index,
and prostate-specific antigen level in the control group
Characteristic Control group
Age (years) 372+74
Family history of prostate carcinoma
positive 1(5)
negative 19 (95)
Body mass index 27.56 + 3.67
Prostate-specific antigen (ng/mL) 0.90 £0.79
Results are shown as average + standard deviation except
family history, which is shown as numbers (percentages).
Table 2
Clinical characteristics of prostate carcinoma patients
Characteristic Group 1 Group 2 pt
Age (years) 64.5+6.8 67 +£5.9 0.189
Family history of prostate carcinoma
positive 6 (30) 5 (25) 0.718
negative 14 (70) 15 (75)
Body mass index 25.92 +3.49 27.14 +351 0.277
Prostate-specific antigen (ng/mL)
<10 13 (65) 7(35) 0.058
>10 7(35) 13 (65)
Gleason grade
1,2,3 20 (100) 17 (85) 0.231
4,5 0(0) 3(15)
Pathologic t stage
2 20 (100) 3(15) <0.001
3,4 0 (0) 17 (85)
Pathologic n stage
NO 20 (100) 16 (80) 0.106
N1 0(0) 4 (20)
Involvement of bones, seminal vesicles, or locally advanced disease
present 0(0) 2 (10)
absent 20 (100) 18 (90) 0.487

!p-values were calculated by chi-squared test or two-tailed Fisher exact test (when the characteristics were present in less
than five patients); only values for body mass index and average age were compared using a two-tailed t-test.
Bolded value is statistically significant. Results are shown as numbers (percentages) except age and body mass index

which are shown as average + standard deviation.

group, Group 1, and Group 2 were matched with regard to
PCa risk factors [family history, body mass index (BMI),
smoking status, alcohol intake, and physical activity], ex-
cluding age. Individuals younger than 18 years of age and
patients with the presence of other/secondary malignancies
were not included in this study. Data about age, the presence
of PCa in the family, BMI, and PSA level in the control
group are presented in Table 1; clinical characteristics of PCa
patients included in the present study are shown in Table 2. In
parallel, the independent cohort for validation of IncCRNAs
GAS5 quantification included 11 healthy subjects and 13 PCa
patients (prognostic score 1-4). In the independent cohort,
the average age of the healthy controls was 36.7 + 8.6 years,
while of the PCa patients, it was 66.2 + 5.9 years.

Quantification of IncRNA GAS5

Peripheral blood was collected in tubes with ethylene-
diaminetetraacetic acid and delivered to the laboratory of the

Center for Clinical Pharmacology, MMA. In order to sepa-
rate plasma, blood was centrifuged at 1,200 g for 10 min at
4 °C and subsequently at 12,000 g for 10 min at 4 °C. Plasma
samples were stored at -40 °C until RNA isolation (Isolate Il
RNA Mini Kit, Bioline, UK). Concentrations of total RNA
were calculated after spectrophotometry at 260 nm (Nano-
Photometer NP60, Implen, USA). In order to evaluate the in-
tegrity of isolated RNA, reverse transcription polymerase
chain reaction (RT-PCR) and amplification of four different-
in-length DNA sequences were employed for 30 randomly
chosen samples (10 controls and 20 PCa).

The isolated total RNA (2 pg) was transcribed into
cDNA using a High-Capacity cDNA Reverse Transcription
Kit (Applied Biosystems, Thermo Fisher Scientific, UK) ac-
cording to the manufacturer’s instructions (25 °C for 10 min;
37 °C for 120 min; 85 °C for 5 min; hold at 4 °C).

For further quantitative Real time-PCR (g-PCR) runs, 3
ML of cDNA was used. The qRT-PCR was performed using
GAS5 (sense: 5’-CTTGCCTGGACCAGCTTAAT-3’, anti-
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sense: 5’-AAGCCGACTCTCCATACCT-3’) or housekeep-
ing gene B-actin (sense: 5’-ACCCACACTGTGCCCATC
TA-3’, antisense: 5’-CGCAACCGCTCATTGCC-3’) specif-
ic primers (Invitrogen, Thermo Fisher Scientific, UK) % 2,
and Power SYBR® Green PCR Master Mix (Applied Biosys-
tems, Thermo Fisher Scientific, UK), according to the manu-
facturer’s instructions. The amplification was run through an
initial denaturation (95 °C for 5 min) followed by 50 cycles
at 95 °C for 15 sec and 60 °C for 1 min on Step One Plus Re-
al-Time PCR System (Applied Biosystems, Thermo Fisher
Scientific, USA). Relative quantification was performed by
the comparative 2-**Ct method, using healthy controls as
calibrators.

Statistical analysis

The statistical analysis using the program IBM SPSS Sta-
tistics 26.0 (IBM, USA, 2019) was performed. All con-
tinuous variables were described in the form of mean *
standard deviation (SD). Comparisons of parametric vari-
ables between two groups were performed by independent
samples t-test. Comparisons of parametric variables be-
tween the three groups were performed with the ANOVA
test. The normality of data distribution was tested by the
Kolmogorov-Smirnov test. Attributive variables were de-
scribed as a proportion of the total number of patients.
The Chi-squared (x?) test or Fischer’s exact test was used
for comparing categorical variables. All the analyses were
evaluated at the level of statistical significance of p <
0.05.

Results

In order to validate the results of InCRNA GAS5 expres-
sion in controls and PCa patients, we performed a validation
study in an independent cohort (11 controls and 13 PCa pa-
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Long non-cading RNA GASS
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tients with prognostic scores 1-4). As shown in Figure 1,
levels of INcRNA GAS5 were concordant between the valida-
tion cohort and the study population. In the validation cohort,
levels of INCRNA GAS5 were lower in PCa patients than in
healthy subjects (0.78 £ 0.6 vs. 1.1 £ 0.41; p = 0.055).

The relative quantification of INCRNA GAS5 levels in
the plasma of PCa patients and healthy controls demonstrat-
ed a difference of marginal statistical significance (p =
0.056) between the groups, whereby INCRNA GAS5 levels
were lower in PCa patients (0.81 £ 0.52) than in controls
(1.11 £ 0.59). Considering prognostic groups, levels of
IncRNA GAS5 were not significantly higher in the healthy
controls compared with the patients from Group 1 (1.11 +
0.59 vs. 0.91 + 0.54; p = 0.268). However, patients from
Group 2 had significantly lower plasma levels of IncRNA
GAS5 than the controls (0.72 + 0.52 vs. 1.11 + 0.59; p =
0.033). Group 1 had higher levels of IncRNA GAS5 than
Group 2, but the difference between the groups is not statis-
tically significant (0.91 £ 0.54 vs. 0.72 £ 0.52; p = 0.275)
(Figure 2).

The average age of the healthy controls was 37.2 + 7.4
years, and of the PCa patients, it was 66.9 + 6.5 years (64.5 +
6.8 years for Group 1 and 67 + 5.9 years for Group 2).

LncRNA GAS5 levels between the two prognostic
groups of PCa patients (Group 1 vs. Group 2) were not sig-
nificantly different (p = 0.275); p-values were obtained by
independent samples t-test (Figure 3).

Plasma levels of IncRNA GAS5 were not significantly
different between the patients aged 65 or below and patients
older than 65 years in both Group 1 (0.87 £ 0.94 vs. 0.94 +
0.67; p =0.805) and Group 2 (0.61 £ 0.5vs. 0.79+£0.51;p =
0.454) (Figure 4). The IncRNA GASS5 levels were not signifi-
cantly different between Group 1 and Group 2 when analyses
included only patients < 65 years of age (0.82 = 0.45 vs. 1.15
+ 0.75; p = 0.247) or patients older than 65 years (0.91 +
0.54 vs. 0.91 +0.61; p=0.578).

L

Control group

Fatient group

Fig. 1 — LncRNA GASS levels in the independent cohort of healthy
subjects and prostate carcinoma (PCa) patients.
Levels of INCRNA GAS5 were lower in PCa patients than in healthy subjects
(0.78 £ 0.6 vs. 1.1 £ 0.41; p = 0.055). p-value was obtained by Mann-Whitney U test.
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Fig. 2 — Lnc RNA GASS levels in prostate cancer (PCa) patients and controls:
A) The difference in INCRNA GAS?S levels between the controls and PCa patients
was of marginal statistical significance (p = 0.056); B) The difference in IncRNA
GASS levels between controls and PCa patients from Group 1 (patients with
favorable prognosis) was not statistically significant (p = 0.268); C) LncRNA
GASS levels between controls and PCa patients from Group 2 (patients with poor
prognosis) were significantly different (p = 0.033).
p-values were obtained by independent samples t-test.
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Fig. 3— LncRNA GASS levels in prostate carcinoma (PCa) patients with different
prognostic scores (Group 1 vs. Group 2); p = 0.275.
p-value was obtained by independent samples t-test.
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Fig. 4 — LncRNA GASS levels in prostate carcinoma (PCa) patients of different age groups.
Levels of INCRNA GAS5 were not significantly different in patients < 65 years compared to
patients > 65 years of age nor in Group 1 (p = 0.805) (A), nor in Group 2 (p = 0.454) (B).
p-values were obtained by independent samples t-test.

Discussion

As mentioned earlier, findings of relatively stable
IncRNAs plasma concentration have implied the possible us-
age of circulating INcRNAs as a noninvasive diagnostic bi-
omarker in different pathologic conditions. The research was
conducted for various tumor types, including NSCLC °,
breast cancer 2*, diffuse large B-cell lymphoma (DLBCL) %,
malignant mesothelioma ¢, and many nonmalignant diseas-
es, such as type 2 diabetes mellitus ?°. In this research, the
expression of INcRNA GAS5 was quantified in plasma sam-
ples of PCa patients.

We found that INcRNA GAS5 expression levels were
downregulated in the PCa patients compared to healthy indi-
viduals (p = 0.056); however, the difference was of marginal
statistical significance. The possible reason for marginal statis-
tical significance was the relatively small sample size. Similar
results were obtained by Vesovic et al. ® and Tan et al. *° in
NSCLC patients, as well as Han et al. % in breast cancer pa-
tients. However, Senousy et al. % reported that INCRNA GAS5
expression was significantly downregulated (p < 0.0001) in the
overall DLBCL patients compared to the control group. In pa-
tients with malignant mesothelioma, Weber et al. *° reported a
low sensitivity of 14% when IncRNA GAS5 was used as a sin-

Misovi¢ M, et al. Vojnosanit Pregl 2023; 80(5): 404—411.

gle marker, a combination of calretinin and mesothelin showed
a sensitivity of 64%, but a panel composed of INCRNA GAS5,
calretinin, and mesothelin reached a sensitivity of 73% (at a
predefined specificity of 97%). Similarly, Tan et al. *° found a
strong association of INcRNA GAS5 levels with carcinoembry-
onic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9)
(p = 0.017 and p = 0.001, respectively) and suggested that a
combination of circulating INcRNA GAS5 levels with CEA and
CA19-9 was more advantageous for the diagnosis of the early
stage of NSCLC. On the other hand, in the research of Sen-
ousy et al. %, a panel of HOX transcript antisense intergenic
RNA (HOTAIR) and IncRNA GAS5 demonstrated good results
for response assessment in DLBCL patients treated with ritux-
imab-cyclophosphamide, doxorubicin, vincristine, and predni-
sone (R-CHOP).

It is evident that the level of INCRNA GAS5 expression
varies across tumor types; the results of the present study in-
dicate that IncRNA GASS5 as a single marker was not signifi-
cantly downregulated in PCa patients with favorable progno-
sis. However, we can only assume that in combination with
PSA and other potential biomarkers, INcRNA GAS5 could be
used in PCa diagnostics.

Furthermore, our results showed that the level of
IncRNA GAS5 expression was not significantly different be-
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tween patients with favorable prognosis and the healthy indi-
viduals (p = 0.268) nor between patients with different prog-
nostic scores (p = 0.275). However, levels of IncRNA GAS5
were significantly different between patients with AJCC un-
favorable prognostic scores 3 and 4 and healthy individuals
(p = 0.033). Vesovic et al. ® did not observe a difference in
IncRNA GAS5 expression between early-stage tumor patients
(TNM stage I/11) and healthy controls; however, there was an
apparent difference in the TNM stage 111 patients. Moreover,
they found that circulating IncRNA GAS5 was a potent pre-
dictor of tumor size since patients with tumors > 3 cm had a
significantly diminished expression compared to patients
with tumors < 3 cm. These results were expected since
IncRNA GAS5 is a well-known tumor suppressor.

The origin of INcRNAs in the bloodstream remains unex-
plained. Xue et al. % showed that INcRNA GAS5 levels were
reduced significantly in the PCa tissues compared to healthy
tissue (p < 0.05); overexpression of INCRNA GASS5 significant-
ly decelerated tumor growth through the inactivation of a ser-
ine/threonine-specific protein kinase/the mammalian target of
rapamycin (AKT/mTOR) signaling pathway (p < 0.05). In
NSCLC patients, Tan et al. 1° showed that IncRNA GAS5 de-
creased in NSCLC tissues compared to noncancerous tissues
(p < 0.001). Furthermore, there was a weak connection be-
tween 55 paired plasma samples and cancer tissues obtained
from the same individuals with NSCLC (p > 0.05). Despite the
connection being weak, it could be concluded that changes in
the levels of circulating nucleic acids were associated with tu-
mor burden and malignant progression and that circulating
IncRNA GAS5 originated from the self-secretion, apoptotic, or
necrotic tumor cells .

In our study, we also analyzed the patient’s age and de-
termined a statistically significant difference between the
PCa patients and the healthy individuals (p < 0.001), which

is expected considering that PCa is a common disease in old-
er males. Furthermore, our patient age correlates with litera-
ture data, with cited average age at the moment of diagnosis
being almost 66 years 2. We found that the level of IncRNA
GAS5 expression does not differ significantly between tested
patients below and over 65 years of age and also between pa-
tients younger and older than 65 years of age in Groups 1
and 2 (independent samples test, p = 0.805, p = 0.454, p =
0.247, and p = 0.578, respectively). Differing INcRNA GAS5
expression between age groups has not been determined in
other research so far, which correlates with our results &2,

Conclusion

One of the main priorities in PCa research is the identi-
fication of novel biomarkers. Conducted research provides
strong evidence about the significance of IncRNAs in PCa, as
well as the correlation between decreased expression of
IncRNA GASS5 and poor prognosis in various tumors. The re-
sults of this study are based on a relatively small patient size.
Future prospective studies on a larger scale could show the
true value of the plasma IncRNA GAS5 expression level in
PCa patients either as a single marker or in combination with
other biomarkers.
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Evaluation of the retinal morphological and functional findings in
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Abstract

Background/Aim. Unilateral optic neutitis (ON), and its
pathological substrate, retrobulbar neuritis (RBN), is a
common presentation of multiple sclerosis (MS). The aim
of the study was to determine the diagnostic and prognostic
value of structural and functional examination using novel
‘swept-source’ optical coherence tomography (SS-OCT)
and OCT angiography (OCTA) techniques in patients with
MS who experienced RBN. Methods. For examining reti-
nal structural and functional changes in both the affected
and nonaffected eye of patients with MS, novel techniques,
OCT and OCTA, were used. The obtained results were
compared with the results of the same examination on the
left and right eye of the healthy controls. Results. Using
OCT, significant differences in the structural integrity and
thickness of retinal layers between the eye in which RBN
had been detected and the contralateral, nonaffected eye
were found (83.73 + 18.36 vs. 98.67 £ 11.84; p = 0.013).
On the other hand, the functional examination of the macu-
lar vascular plexus did not show significant differences be-
tween the affected and the nonaffected eye in these patients

Apstrakt

Uvod/Cilj. Jednostrani opticki neuritis (ON), kao i njegov
patofizioloski supstrat, retrobulbarni neuritis (RBN), cesta je
manifestacija multiple skleroze (MS). Cilj rada bio je da se
utvrdi dijagnosticki i prognosticki potencijal nove metode
funkcijskog i strukturnog ispitivanja oka, tzv. ,,swept-source
opticke  koherentne tomografije (SS-OKT) i OKT
angiografije (OKTA), kod bolesnika sa prethodnom
epizodom RBN u okviru MS. Metode. Za ispitivanje
strukture 1 funkcije mreznjace bolesnika sa MS, kako u oku
na kome je dijagnostikovan ON, tako i na kontralateralnom
oku, koris¢ene su nove metode, OKT i OKTA. Dobijeni

(41.86 = 1.52 vs. 42.52 £ 1.40; p = 0.228). Interestingly,
comparing the nonaffected eye of patients with RBN and
healthy controls, a significant difference in the thickness of
the retinal layers between the contralateral eye of the patient
and both healthy eyes of healthy subjects was found. OCT
examination showed particularly significant thinning of the
macular ganglion cell-inner plexiform layer (mGCIPL)
(61.07 £ 5.04 vs. 67.53 £ 4.57; p < 0.001). Conclusion.
Opverall, our research showed that OCT and OCTA offer
an unprecedented opportunity for a safe, reliable, and re-
petitive assessment of structural and functional retinal
changes as invaluable diagnostic and prognostic tools, pav-
ing the way for a better understanding of pathogenic
mechanisms underlying inflaimmatory demyelinating and
neurodegenerative diseases. In addition, mGCIPL may be
a particularly sensitive and reliable biomarker of patholog-
ical changes in MS and perhaps in other neurodegenerative
diseases.

Key words:
angiography; diagnosis; multiple sclerosis; optic
neuritis; tomography, optical coherence.

rezultati uporedivani su sa rezultatima istovetnog ispitivanja
na levom i desnom oku zdravih ispitanika. Rezultati.
Koris¢enjem OKT, pokazane su znacajne razlike u
strukturnom integritetu i debljini pojedinih slojeva mreznjace
u oku bolesnika sa RBN, u poredenju sa kontralateralnim
okom (83,73 £ 18,36 vs. 98,67 + 11,84; p = 0,013). Sa druge
strane, nisu pokazane znacajne razlike u perfuziji horoidnog
pleksusa ni u jednom oku tih bolesnika (41,86 £ 1,52 vs.
42,52 * 1,40; p = 0,228). Interesantno, poredenjem oka
obolelih koje nije bilo zahva¢eno RBN sa zdravim kotrolama,
pronadena je znacajna razlika u debljini slojeva mreZnjace
izmedu kontralateralnog oka bolesnika i oba zdrava oka
zdravih ispitanika. Pregled pomoéu OKT pokazao je
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posebno znacajno istanjenje unutra$njeg pleksiformnog
makularnog sloja mreznjace (61,07 £ 5,04 vs. 67,53 + 4,57,
p < 0,001). Zaklju€ak. Nase istrazivanje pokazalo je da
OKT i OKTA, kao dragocene metode u dijagnostici i
prognozi, pruzaju odliche moguénosti za bezbednu,
pouzdanu i ponavljanu procenu strukturnih i funkcijskih
promena na mreznjaci, ali i za dalja istrazivanja mehanizama

koja dovode do takvih promena. Takode, unutrasnji

pleksiformni makularni sloj mreznjace bi mogao biti
narocito osetljiv i vredan biomarker u pracenju patoloskih
promena kod bolesnika sa MS, a moguce i kod drugih
neurodegenerativnih oboljenja.

Kljucne redi:
angiografija; dijagnoza; multipla skleroza; tomografija,
opticka, koherentna; n.opticus, neuritis.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory de-
myelinating disease of the central nervous system (CNS). It
is one of the most common neurological diseases of the
young population, affecting over two million people world-
wide 2. Optic neuritis (ON) is a presenting manifestation of
MS in around 25% of cases and occurs at some point in the
disease in over half of the patient population %4,

Optic nerve atrophy and thinning of the retinal nerve fi-
ber layer (RNFL) are typical pathological features in patients
with MS. Demyelinating retrobulbar optic neuritis (RBN) re-
fers to inflammation and demyelination affecting the optic
nerve. In the absence of pathological features in the ocular
fundus, these inflammatory and demyelinating processes in
the optic nerve are thought to underlie the production of
common symptoms of ON, such as acute unilateral loss of
vision, relative afferent pupillary defect, and pain during eye
movements %8, Dysfunction and degeneration of the optic
nerve axon fibers in the optic nerve are early features of the
disease; however, the relationship between inflammation,
demyelination, and axon loss is unclear. It has been suggest-
ed that axon loss may be a result of the delayed type 1V hy-
persensitivity reaction mediated via cytokines and other in-
flammatory mediators secreted by infiltrating pathogenic T
cells. Namely, during ON, acute inflammation is thought to
damage axons within the retrobulbar area of the optic nerve.
Degeneration initiated at this area progresses retrogradely
(dye back) towards the ganglion cell layer, which manifests
as residual paleness of the optic nerve head during routine
ophthalmoscopy *1.

Indeed, axon loss is considered a major underlying
mechanism of disability in MS. However, axon loss is hard
to quantify. Modern technologies of optical imaging, such as
optical coherence tomography (OCT), offer opportunities for
such quantification, at least in the retina and optic nerve 225,
Namely, OCT, discovered in 1991 (in vitro HUANG, in vivo
HEE 1995), enables examination of a cross-section of inner
ocular structures in high resolution, reaching 1-15 pm. This
resolution is higher than that which can be currently
achieved using ultrasound, magnetic resonance imaging
(MRI), and computed tomography. Furthermore, this tech-
nique enables visualization in situ and in real-time. Im-
portantly, OCT uses a continual, low-frequency beam (infra-
red spectrum, 800 nm) delivered at less than 1 mW power,
making even repeated exposure safe for both general and pa-
tient populations 1617,
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Thus far, the use of OCT has revealed a decrease in the
thickness of peripapillary RNFL (pRNFL) in MS patients
who had not suffered from ON compared with controls. This
finding is in agreement with a large body of literature de-
scribing the association of MS with loss of retinal ganglion
cells, reduced thickness of RNFL, loss of metabolic activity,
and reduced density of retinal vascular plexus 8 ¢, Further-
more, using an adaptation of OCT, the so-called OCT with
angiography (OCTA), a decreased vascular perfusion in the
region of the optic nerve head (optic disc) in patients with
MS, particularly MS patients with a history of ON, was
found % 2!, Indeed, combining OCTA with other OCT meth-
ods vastly improves the diagnostic accuracy of changes in
retinal structures in patients with MS.

In recent years, techniques of digital imaging have
been further advanced. The latest improvement in the exam-
ination of retinal and choroid structures utilizes the so-called
swept-source OCT (SS-OCT) beam technology which uses
a longer wavelength (1,050 nm) and minimal reflection of
choroid plexus than its predecessor, spectral domain (SD-
OCT, 840 nm). Hence, SS-OCT enables visualization of the
deepest layers of the eye, even through physical obstacles
such as cataract, hemorrhage, etc. In addition, the scan
speed of SS-OCT is twice that of SD-OCT devices (100,000
A-scans/s compared with 50,000 A-scans/s), enabling faster
acquisition and more accurate 3-D imaging of the retina and
choroid 223,

In this study, we measured the thickness of the retina
and perfusion of the choroid plexus in patients with MS who
experienced a previous episode of ON, in both the affected
and nonaffected eye and in healthy controls, using a new,
deep-range SS-OCT. Our aim was to establish the diagnostic
and prognostic value of structural and functional examina-
tion using SS-OCT and OCTA techniques in patients with
MS who experienced RBN.

Methods

Study design and study subjects

An observational case study was conducted in patients
with relapsing-remitting MS and a history of ON and healthy
controls, in the period between 2020 and 2022, at the De-
partment of Functional Ophthalmology of the Eye Clinic at
the Military Medical Academy, Belgrade, Serbia. The study
protocol was was carried out according to the Declaration of
Helsinki. All the participants were informed about the
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research protocol before giving their written consent to
participate in the study.

We examined 15 patients (4 males and 11 females) with
confirmed MS according to the McDonald criteria, who had
a history of RBN. The average age of the MS patients was 32
years (range 25-43 years). In the control group, we
examined 30 healthy volunteers (7 males and 23 females)
chosen by a random sample. The average age in this group
was 42.5 years (range 36.5-48 years).

Clinical procedures

All patients were examined using head MRI and visu-
al evoked potentials (VEP) to confirm the diagnosis of MS
and ON. Patients with a history of ON were assessed using

#ZTOPCON 30 wide [Line) Report
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a standardized ophthalmological examination battery: vis-
ual acuity, fundus examination, and visual fields examina-
tion.

OCT and OCTA were performed using the Topcon-
Triton apparatus (Topcon DRI OCT Triton Swept-source
OCT, Topcon, Japan), with a 1,050 nm wavelength beam
and a scan speed of 100,000 A-scans/s. We measured
pRNFL thickness, macular ganglion cell layer (GCL) thick-
ness, and superficial macular perfusion. The thickness of
pRNFL was obtained using circular scanning of the optic
disc, whereas the macular ganglion cell-inner plexiform layer
(mGCIPL) thickness was obtained by scanning the macular
volume in the center of the fovea. Images, maps, and data
were displayed directly in Topcon software (Figures 1-3).
Numerical data were exported to Microsoft Excel.
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Fig. 1 — Representative images of the retinal nerve fiber layer (RNFL) of the papillary
area in the affected eye obtained using Topcon optical coherence tomography (OCT).
Note: The atrophy of papillary retinal nerve fibers in the nasal quadrant.
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Fig. 2 — Representative images of the ganglion cell layer (GCL) and inner plexiform
layer (IPL) in the macula of the affected eye. Bottom left panel shows a cross-section
view through the fovea centralis, with distinguishable retinal layers.

Note: The GCL and IPL images show a loss of thickness.

Katani¢ Pasovski K, et al. Vojnosanit Pregl 2023; 80(5): 412—420.



Vol. 80, No. 5

VOJNOSANITETSKI PREGLED

Page 415

parafoveolar quadrants of the superficial
layer of macula examined using optical
coherence tomography angiography.

Statistical analysis

The normality of data distribution was tested using the
Kolmogorov-Smirnov test. Categorical variables are present-
ed as frequencies and analyzed using the y? test. Continually
data are presented as means and standard deviation and ana-
lyzed using the matched and nonmatched Student t-test. Re-
sults are considered statistically significant for a p-value

lower than 0.05. All analyses were performed using the sta-
tistical package IBM SSPS 26.0.

Results
Control group

There were 30 healthy persons in total in the control group
(23 females and 7 males), with a mean age of 42.50 years (range
36.50-48.00 years). In order to determine the reference values,
we performed OCT and OCTA measurements in healthy con-
trols and compared the values obtained in the left and right eye,
as detailed in Table 1. All measurements were within the physi-
ological range. As expected, we found no significant differences
between the eyes, apart from a marginal difference in the cho-
roid plexus density in the nasal (N) quadrant (45.97 + 1.82 vs.
47.922 + 2,44, right vs. left eye, respectively; p = 0.028).

MS patients with RBN

Next, we performed an identical examination in pa-
tients with MS, confirmed with the 2017 McDonald criteria,
and a loss of vision in one eye, and compared the affected
with the nonaffected eye. The average age of these 15 pa-
tients (4 males and 11 females) was 32 years. The character-
istics of patients with RBN are summarized in Table 2. In

Table 1
Results of OCT and OCTA examination in healthy subjects

Parameter Right eye Left eye p-value*

Visual acuity 0.98 £ 0.06 0.99 £ 0.06 0.833

RNFL thickness (um) 110.27 £9.77 110.30 +9.61 0.989
superior quadrant 132.73 +12.36 134.77 +13.82 0.550
inferior quadrant 141.40 + 16.66 141.70 £ 17.00 0.945
nasal quadrant 85.87 + 13.68 84.10 + 13.89 0.622
temporal quadrant 80.33 +9.62 78.77 £10.04 0.540

mGCIPL (um) 67.37 £ 4.66 67.70 £4.55 0.780
superior 68.10 +4.84 68.10 +4.78 1.000
inferior 66.63 £ 4.58 67.17 £4.42 0.648

Total mRNFL (um) 4110+ 4.54 41.30 £5.27 0.875
superior quadrant 39.43 +4.69 39.43+5.01 1.000
inferior quadrant 4270 £5.12 43.17 £5.74 0.741

OCTA 42,72 £1.54 42.87 +1.46 0.691
superior quadrant 50.28 + 2.92 50.42 +2.82 0.855
inferior quadrant 49.75+ 4.40 49.57 +3.38 0.859
temporal quadrant 47.65+2.29 46.81+2.42 0.171
nasal quadrant 4597 £1.82 4722 £2.44 0.028
central quadrant 20.05+3.79 20.24 +4.17 0.857

OCT - optical coherence tomography; RNFL - retinal nerve fiber layer; mGCIPL — macular
ganglion cell-inner plexiform layer; mRNFL — macular RNFL; OCTA - OCT angiography.
All values are expressed as mean + standard deviation.*Independent samples test.

Table 2
General characteristics of patients with RBN
Parameter Values
Subjects, n 15
Gender, male/female, n (%) 4 (26.7)/11 (73.3)
Age, mean (min-max) 32.00 (25.00-43.00)
Number of patients with loss of VA 15

VA, mean (min-max)
Affected eye, left/right, n (%)

5.00 (1.00-10.00)
10 (66.7)/5 (33.3)

RBN - retrobulbar neuritis; VA — visual acuity; min — minimum;

max — maximum; n — number.
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these patients, we found that visual acuity was significantly
lower before (0.28 £ 0.21) the administration of 1,000 mg of
methylprednisolone iv as a five-day pulsed treatment than af-
ter the treatment was concluded (0.85 £ 0.24).

We found a statistically significant difference in VEP
parameters between the affected and nonaffected eye. Name-
ly, the latency was significantly increased in the affected eye
(147.20 + 26.20) compared with the nonaffected eye (119.20
+ 9.61; p = 0.001). However, the amplitude of VEP was sig-
nificantly lower in the affected eye (6.21 + 3.50) than in the
nonaffected eye (9.95 £ 2.78; p = 0.003), suggesting neu-
ronal and axonal loss on the affected side. Indeed, further
analysis showed a significant loss of RNFL on the affected
side compared with the nonaffected side (83.73 £+ 18.36 vs.
98.67 + 11.84; p = 0.013). Detailed analysis by quadrants
showed that the loss affected the temporal (50.93 + 13.18 vs.
68.53 + 14.78; p = 0.002), superior (105.13 + 22.69 vs.
121.87 £ 16.76; p = 0.029), and inferior (108.87 + 27.79 vs.
131.20 + 19.67; p = 0.017) quadrants, but not the nasal quad-
rant (67.20 + 14.18 vs. 73.47 + 14.07; p = 0.235).

In addition, we found significant differences in the total
thickness of mGCIPL. Namely, total thickness of mGCIPL
layers was significantly lower in the affected than the
nonaffected eye (54.73 + 6.06 vs. 61.07 = 5.04; p = 0.004),
including that of superior (55.80 + 6.13 vs. 62.20 + 5.24; p =
0.005) and inferior quadrants (53.47 £ 6.00 vs. 60.20 £ 4.93;
p = 0.002). Furthermore, the total thickness of macular
RNFL was significantly thinner in the affected (31.20 +
7.64) compared with the nonaffected eye (38.20 £ 5.00; p =
0.006). Interestingly, no differences were found in OTCA
measurements. Detailed findings in both eyes are presented
in Table 3.

Pathological changes within the affected eye in patients
with MS compared with the healthy control group

We compared the OCT data (RNFL, mGCIPL, macular
RNFL) of the affected eye in MS patients with the healthy
controls (both eyes). Indeed, we found that all OCT-derived
parameters were significantly lower in the patients than in
the healthy controls (Table 4). In addition, the thickness of
RNFL and mGCIPL in the nonaffected eye in the patient
population was also significantly lower than in healthy con-
trols. Similarly, in the affected eye of patients with RBN, the
measurements of the density of choroid plexus obtained us-
ing OCTA were significantly lower in the affected eye of the
patients compared with the healthy controls (41.86 + 1.52 vs.
42.80 £ 1.49, respectively; p = 0.034), with the single excep-
tion for the temporal quadrant.

mGCIPL in the nonaffected eye in patients with RBN
compared with the healthy control group

While comparing the nonaffected eye of MS patients
with healthy controls, the thickness of RNFL and, in particu-
lar, the mGCIPL were significantly reduced (RNFL: 98.67 +
11.84 for the nonaffected eye in RNB vs. 110.28 £ 9.61 for
the healthy controls; p < 0.001; mGCIPL 61.07 + 5.04 for
the nonaffected eye vs. 67.53 £ 4.57 for controls; p < 0.001).
Indeed, the statistically significant reduction between the
thickness in all examined quadrants in MS patients vs. con-
trols was replicated (Table 5).

Interestingly, however, the density of the choroid plex-
us of the nonaffected eye in the patient population was very
similar to that of healthy controls (41.86 + 1.52 vs. 42.52 +

Table 3
Results of OCT and OCTA examination in MS patients with RBN
Parameter Affected eye Nonaffected eye p-value*
VA before methylprednisolone therapy 0.28 £0.21 0.99 +£0.05 <0.001
VA after methylprednisolone therapy 0.85+0.24 0.99 +0.05 0.041
VEP latency 147.20 + 26.20 119.20 +9.61 0.001
VEP amplitude 6.21 +3.50 9.95+2.78 0.003
Visual field quadrant degree 3.01+1.08 1.85+1.61 0.028
RNFL (um) 83.73+18.36 98.67+11.84 0.013
superior quadrant 105.13 +£22.69 121.87 £ 16.76 0.029
inferior quadrant 108.87 +£27.79 131.20 +£19.67 0.017
nasal quadrant 67.20 + 14.18 73.47 +14.07 0.235
temporal quadrant 50.93 +13.18 68.53 + 14.78 0.002
mGCIPL (um) 54.73 £ 6.06 61.07 £5.04 0.004
superior quadrant 55.80 + 6.13 62.20 +5.24 0.005
inferior quadrant 53.47 £ 6.00 60.20 +4.93 0.002
Total mRNFL (um) 31.20+7.64 38.20 £5.00 0.006
superior quadrant 29.73+7.55 36.27 + 4.06 0.006
inferior quadrant 32.53 +8.40 39.80 + 6.55 0.013
OCTA 41.86 +1.52 42,52 +1.40 0.228
superior 48.43 +3.53 49.58 +2.33 0.300
inferior 46.84 +3.56 48.69 +£3.14 0.144
temporal 46.77 £ 2.67 46.25+1.98 0.546
nasal 45.18 £2.97 46.56 + 1.68 0.128
central 22.73+4.52 21.64 £3.72 0.475

MS — multiple sclerosis; RBN — retrobulbar neuritis; VA — visual acuity; VEP — visual evoked
potential. For the abbreviations of other terms see Table 1. All values are expressed as mean *

standard deviation. *Independent samples test.
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Table 4
OCT and OCTA findings in the affected eye in patients with RBN and healthy controls (both eyes)

Parameter Affected eye in RBN  Healthy controls — both eyes p-value*
Visual acuity 0.28 +0.21 0.99 + 0.06 <0.001
RNFL (um) 83.73 +18.36 110.28 +9.61 <0.001
superior quadrant 105.13 + 22.69 133.75+13.04 <0.001
inferior quadrant 108.87 +27.79 141.55 + 16.69 <0.001
nasal quadrant 67.20 £ 14.18 84.98 + 13.70 <0.001
temporal quadrant 50.93 + 13.18 79.55+9.78 <0.001
mGCIPL (um) 54.73 £ 6.06 67.53 £4.57 <0.001
superior quadrant 55.80 +6.13 68.10 +4.77 <0.001
inferior quadrant 53.47 £ 6.00 66.90 + 4.47 <0.001
Total mRNFL(pm) 31.20 + 7.64 41.20 +4.87 <0.001
superior quadrant 29.73+7.55 39.43+4381 <0.001
inferior quadrant 32.53 +8.40 42.93+£5.40 <0.001
OCTA 41.86+1.52 42.80+1.49 0.034
superior quadrant 48.43 +£3.53 50.35 +2.85 0.029
inferior quadrant 46.84 + 3.56 49.66 + 3.89 0.013
nasal quadrant 46.77 £ 2.67 47.23+2.38 0.518
temporal quadrant 4518 +2.97 46.59 £ 2.22 0.043
central quadrant 22.73+4.52 20.14 + 3.95 0.031

RBN - retrobulbar neuritis. For the abbreviations of other terms see Table 1. All values are
expressed as mean + standard deviation. *Independent samples test.

Table 5
OCT and OCTA findings in the nonaffected eye in patients with RBN and healthy controls (both eyes)
Parameter Nonaffected eye in RNB  Healthy controls — both eyes p-value*
Visual acuity 0.99 + 0.05 0.99 £ 0.06 0.922
RNFL (um) 98.67 +11.84 110.28 £ 9.61 <0.001
superior quadrant 121.87 + 16.76 133.75+13.04 0.004
inferior quadrant 131.20 + 19.67 141.55 + 16.69 0.042
nasal quadrant 73.47 +14.07 84.98 + 13.70 0.005
temporal quadrant 68.53 +14.78 79.55+9.78 0.001
mGCIPL (pum) 61.07 £5.04 67.53 £4.57 <0.001
superior quadrant 62.20 +5.24 68.10 +4.77 0.001
inferior quadrant 60.20 +4.93 66.90 + 4.47 <0.001
Total mRNFL (um) 38.20 £5.00 41.20 +4.87 0.037
superior quadrant 36.27 + 4.06 39.43+4381 0.022
inferior quadrant 39.80 + 6.55 42.93+£5.40 0.058
OCTA 4252 £1.40 42.80 £1.49 0.519
superior quadrant 49,58 +2.33 50.35 +2.85 0.336
inferior quadrant 48.69 +3.14 49.66 + 3.89 0.374
nasal quadrant 46.25+1.98 47.23+2.38 0.144
temporal quadrant 46.56 + 1.68 46.59 £ 2.22 0.959
central quadrant 21.64 £3.72 20.14 +3.95 0.189

RBN - retrobulbar neuritis. For the abbreviations of other terms see Table 1. All values are expressed as

mean + standard deviation. *Independent samples test.

1.40, respectively; p = 0.228), suggesting that vascular plex-
us density is a less sensitive parameter than inner ocular lay-
er thickness in the assessment of ocular changes in MS.

Correlation analysis

In order to examine the relationship between the out-
come measures obtained using OCT and OCTA, we per-
formed correlation analyses. Indeed, in the affected eye of
patients with RBN, we found a highly significant, positive
correlation between the RNFL and mGCIPL [Pearson Corre-
lation (r) = 0.833; p < 0.001], the tRNFL and macular RNFL
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(r = 0.860; p < 0.001), and the mGCIPL and macular RNFL
(r = 0.783; p = 0.001). On the other hand, parameters
measured using OCTA did not show a correlation between
any variables either in the affected or in the nonaffected
eye. In contrast, in healthy controls, a positive correlation
between values of OCTA in both the left and right eye was
found (r = 0.491; p = 0.006).

Discussion

Two retinal layers are of considerable importance in
MS: the pRNFL, comprised of unmyelinated axons which
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form the optic nerve, and the combined mGCIPL which
contains the retinal ganglion cells 2 %2, RNFL is the most
proximal part of the afferent optic nerve pathway and a
unique pathway in the CNS completely devoid of myelin.
Therefore, it is considered one of the most vulnerable regions
to pathological and metabolic challenges.

Given that structural changes in these two layers have
been associated with visual symptoms and that the retina
may be considered an extension of the CNS (“window into
the brain”), a high-resolution quantitative assessment of
these structures offers an unprecedented opportunity to ex-
amine and predict functional optic and wider CNS damage.
Indeed, in recent years, the changes affecting the macular in-
ner nuclear layer (INL) have become a major subject of in-
terest as a potential biomarker for CNS inflammation 24-2¢,

In this study, we examined the thickness of the retina
and choroid in both eyes of patients with MS who suffered
an episode of ON using a novel SS-deep range imaging OCT
technology and compared the results with the healthy control
group. Our results show a considerable loss of RNFL in both
the affected and nonaffected eye in patients with RBN, com-
pared with a healthy population. Moreover, we show that
similar structural changes can be detected in the nonaffected
eye of these patients. Although such a finding is not entirely
surprising, neurodegeneration is an established and early
pathogenic feature of MS. This loss of nerve fibers can be
assessed and indirectly quantified by a range of indirect
techniques, such as quantification of clinical neurological
deficit using the Expanded Disability Status Scale — a gold
standard measure of clinical disability in MS patients, MR,
VEP, questionnaires assessing the quality of life, and cogni-
tive ability tests 2"°. However, precise longitudinal and
quantitative measures of axon and neuron loss in MS, with a
view to following disease development, progression, and re-
sponse to therapy and providing prognostic values, is still
impractical for most patients and unattainable for the majori-
ty of clinics.

Atrophy in pRNFL in MS patients was first described
by Parisi et al. ® in 1999. Since then, several studies have
examined the links between the atrophy of inner retinal lay-
ers, pPRNFL and mGCIPL in particular, and disease charac-
teristics in MS. In patients with ON and confirmed diagnosis
of MS, the thickness of pRNFL and mGCIPL was shown to
result from retrograde axonal degeneration and retinal gan-
glion cell loss, which seems to advance up to the INL. On
average, the level of atrophy following an episode of ON in
MS patients was reported to be 20.1 um for pRNFL and 16.4
pm for mGCIPL. As the disease progresses, the thinning of
these retinal layers increases, and similar degenerative
changes have been described in the eye which had not been
affected by ON 25 %,

The ability of OCT to detect structural changes in the
retina of patients with MS with a high degree of accuracy
and reproducibility propelled this methodology into an irre-
placeable tool in differential diagnosis, as well as a reliable
high-quality approach to the interpretation of disease pro-
gression and therapeutic effects. More specifically, the high
precision of OCT in quantifying the loss of thickness of reti-

nal layers within the macula and in peripapillary retinal areas
marks a significant advancement in determining the stage of
the disease. Moreover, the high safety factor of the technique
enabling multiple examinations and longitudinal follow-up
has the potential to transform our ability to determine the rate
of disease progression in a patient-centered manner. Our re-
sults showed that this assessment of the structural integrity of
the retina could be refined further using fine subsegmenta-
tion of retinal areas, namely, superior, inferior, temporal, and
nasal segment assessment. Indeed, our sub-segmental analy-
sis showed that significant loss of retinal thickness occurs in
all these segments. Furthermore, we showed that the most
severe loss of RNFL thickness affects the temporal segment
in both the eye affected by ON in MS patients and the no-
naffected eye. This finding is in agreement with results found
in other studies 32, Perhaps surprisingly, the measurements
of mGCIPL showed a significant loss of thickness not only
in the affected eye of the MS patients but also in the no-
naffected eye compared with healthy controls. The latest ad-
vancements in the literature confirm our results, suggesting
that the thinning in mGCIPL may constitute a particularly
sensitive marker of axonal degeneration in MS, indeed more
sensitive than the thinning of RNFL 3%, Nonetheless, as the
OCT techniques have become more prominent in the clinic,
the SS-OCT in particular, further studies are warranted to
confirm the exact role of this methodology in the diagnosis
and management of neurodegenerative changes ** %,

The second part of our study focused on the use of OC-
TA in the analysis of vascular density within superficial
macular layers. Similar to OCT, OCTA is a new, noninva-
sive method for examination of the vascular perfusion of the
macula and optic disc (head). As such, it is of particular im-
portance in the diagnostic assessment of patients with neuro-
degenerative diseases, particularly of vascular origin, e.g.,
the small vessel disease of the CNS and its most common
consequence, vascular dementia . Indeed, we found a sig-
nificant reduction in macular perfusion in the eye affected by
ON in MS patients, compared with healthy controls. This re-
duction was particularly pronounced in the temporal seg-
ment, which is in agreement with previous studies by Lanzil-
lo et al. ® and Murphy et al. ¥. However, in contrast with the
previous studies, we found no reduction in macular perfusion
in the nasal segment of the nonaffected eye in MS patients.
This discrepancy is likely to be a result of a relatively small
number of participants in our study, a limiting factor in the
interpretation of our data. Our correlation analysis showed a
strong positive correlation between the analyzed variables,
but there was no strong association with OCTA. It can be
expected that if we have an increase in one of the indicators,
we can expect a jump in other indicators as well because
these variables are strongly positively correlated 37 %,

However, it should be taken into account that the litera-
ture describing the use of OCTA in this particular indication
is quite scarce. Furthermore, there is a degree of variability
in the published literature regarding the dominant location of
perfusion deficit in the ON, as well as individual differences
in the capillary network, both of which add to the variability
encountered in the published work. Nonetheless, the consen-
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sus in the literature exists on the fact that macular perfusion
deficit, seen in ON and MS, results from pathophysiological
characteristics of MS, as opposed to being a consequence of
generalized vascular conditions > %, Of note, however, are
epidemiological data suggesting a certain degree of comor-
bidity between vascular conditions (cardiogenic, cerebrovas-
cular, and peripheral vascular conditions) and MS. There-
fore, these systemic conditions may underlie some degree of
perfusion changes seen in the macula of MS patients. Further
studies to clarify the link between systemic and MS-specific
vascular changes are warranted. Importantly, designing such
studies should not present a scientific problem in light of the
recent advancements in OCT, whereby every patient could
be examined for both systemic and macular changes using
state-of-the-art techniques. The OCT is perfectly poised in
this context, enabling noninvasive, reliable, and reproducible
functional measurements of changes in the macular vascular
bed. Furthermore, owing to its highly targeted nature of as-
sessment, combined with the ability for frequent reassess-
ment, OCT and OCTA lend themselves to studies where rap-
id changes in pathogenic and clinical features require tech-
niques with a high degree of sensitivity and specificity in or-
der to provide insight into mechanisms underlying the dis-
ease progression.

The limitation of the study was the relatively small number
of participants. In addition, the type of study (observational case
study) can also be considered a limiting factor.

Conclusion

In this study, we showed that the thinning of the RNFL
and GCL layers, as assessed using OCT, represents an
accurate and sensitive method for assessing the damage

affecting the optic pathway in patients with MS. In addition,
we confirmed that, in MS patients, retinal atrophy is present at
a certain degree, even in the absence of the previous
symptomatic ON. Furthermore, we showed a reduction in
vascular plexus density in patients with ON compared with
healthy controls. We conclude that OCT represents a novel,
noninvasive, reliable, reproducible, and convenient diagnostic
tool in general clinical practice, which can be applied to all
patients suffering from demyelinating diseases of the CNS.
Using this technique, the thickness of retinal layers is
quantified in real-time, in situ, representing a direct insight
into the magnitude of axon and neuron loss in the proximal
optic pathway. In addition to the expected thinning of the
mGCIPL in the eye affected by ON, we have also detected a
thinning in this layer in the nonaffected eye in patients with
RBN, compared with healthy controls, which is of great
importance. This finding strongly suggests that comparative
analysis of RNFL and GCL represents an invaluable
biomarker in future research and clinical practice in ON and
MS, but also in other vascular and neurodegenerative
conditions. Finally, given the well-known neurovascular
coupling mechanisms present in the nervous system, the
combination of OCT and OCTA promises to lead to a step-
change advancement of our understanding and treatment of a
wide range of conditions in the eye and CNS as well.
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Influence of solvent use on apical extrusion during removal of

Resilon™ from root canals

Uticaj rastvaraca na apikalnu ekstruziju tokom uklanjanja Resilon™ iz kanala

korena zuba
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University of Novi Sad, Faculty of Medicine, Department of Dental Medicine,
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Abstract

Background/Aim. During retreatment, filling matetial and
debris may extrude and trigger an inflaimmatory reaction of
petiapical tissues. Resilon™ has not been investigated in
terms of solvent use and influence on apical extrusion during
retreatment. The aim of the study was to evaluate the amount
of apically extruded debris during Resilon™ removal using
ProTaper (PT), Twisted File (IT), and Hedstrom instru-
ments, with and without solvent. Methods. In total, 72 ex-
tracted teeth with single canals were used. Canals were pre-
pared with PT Universal (F2) and filled with Resilon™ and
RealSeal sealer before being assigned randomly to 6 groups (n
= 12 in ecach group). Retreatment in Groups 1-3 was done
with PT, TF, or Hedstrom instruments, without solvent. In
Groups 4-6, the same instruments were used with chloro-
form. Apically extruded debris was collected in a simulated
periapical environment and assessed visually. Additionally, the

Apstrakt

Uvod/Cilj. Tokom endodontskog tetretmana, ostaci
materijala za punjenje mogu biti istisnuti kroz apikalni otvor
zuba i izazvati inflamacijsku reakciju periapikalnih tkiva.
Upotreba rastvaraca i njegov uticaj na apikalnu ekstruziju
tokom uklanjanja Resilon™ nisu ispitivani. Cilj rada bio je da
se proceni apikalna ekstruzija ostataka tokom uklanjanja
Resilon™, primenom instrumenata ProTaper (PT), Tiwisted File
(IF) i Hedstrom, sa i bez upotrebe rastvaraca. Metode.
Koris¢ena su 72 izvadena zuba sa po jednim kanalom.
Kanali su obradeni instrumentima PT Unwersal/ (F2) i
opturisani Resilon™ i RealSeal silerom, pre nego $to su
nasumicno podeljeni u 6 grupa (n = 12 u svakoj grupi).
Retretman u grupama 1-3 uraden je PT, TF ili Hedstrom
instrumentima, bez rastvaraca. U grupama 4—6 korisceni su
isti instrumenti sa hloroformom. Apikalno istisnuti ostaci
sakupljeni su u simuliranom periapikalnom okruzenju i
procenjeni vizuelno. Pored toga, zabelezeno je vreme

time required for retreatment was recorded. Data were ana-
lyzed statistically using the Mann-Whitney U test, with a sig-
nificance level of 0.05. Results. There were no significant dif-
ferences in apical extrusion debris between groups (p > 0.05)
regarding solvent use. Rotary instruments, without solvent,
were associated with significantly less debris extrusion when
compared with hand files (p < 0.05). When solvent was used,
rotary instruments caused a higher degree of extruded mateti-
al, which was similar to the results of hand instruments. Con-
clusion. The use of rotary instruments without solvent re-
sulted in a lower degree extrusion of Resilon ™ material
compared to hand instruments, while greater caution is ad-
vised in the presence of solvent when rotary instruments are
used to remove this material.

Key words:
dental instruments; resilon sealer; root canal filling
materials; solvents.

potrebno za retretman. Podaci su statisticki analizirani
koriséenjem Mann-Whitney U testa, sa nivoom znacajnosti
P < 0,05. Rezultati. Nije bilo znacajnih razlika u rezultatima
apikalne ekstruzije (p > 0,05) u zavisnosti od upotrebe
rastvaraca. Rotirajudi instrumenti, primenjeni bez rastvaraca,
doveli su do znacajno manje ckstruzije u poredenju sa
ruénim turpijama (p < 0,05). Kada je koris¢en rastvarac,
rotirajuéi instrumenti, slicno ruénim instrumentima, doveli
su do veceg stepena ekstruzije materijala. Zakljucak.
Upotteba rotirajucih instrumenata bez rastvaraca dovela je
do manjeg stepena ekstruzije Resion™ materijala u
poredenju sa ru¢nim instrumentima, dok se u prisustvu
rastvaraca savetuje veli oprez pri upotrebi rotirajucih
instrumenata za uklanjanje ovog materijala.

Kljucne reci:

stomatoloski instrumenti; resilon, materijal za punjenje
korenskog kanala; zub, materijali za punjenje
korenskog kanala; rastvaraci.
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Introduction

When endodontic therapy fails and retreatment is re-
quired, the removal of filling material can be a challenging
procedure ®. During root canal retreatment, filling material,
necrotic pulp tissue, bacteria, irrigants, and solvents may ex-
trude beyond the apical foramen and trigger an inflammatory
reaction of the periapical tissues # 3. As an undesirable con-
sequence, postoperative pain, swelling and inter-appointment
flare-up, delayed healing, or even treatment failure may oc-
cur 5, Therefore, reducing the risk of debris extrusion into
the periradicular tissues would be beneficial for both the pa-
tient and the clinician ®.

The most widely used material for root canal obturation
is gutta-percha. However, since 2004, a new thermoplastic
synthetic polymer material — Resilon™ (Resilon™ Research
LLC, Madison, CT) has been available. The material behaves
like gutta-percha and adheres to the root canal walls, forming a
“monoblock™ and reducing microleakage ™. Although canal
wall cleanliness after Resilon™ removal was examined in
several studies, there are only a few studies in the current liter-
ature that evaluate the apical extrusion (AE) of this material
during retreatment in terms of different instruments or differ-
ent obturation techniques used *-%4, Furthermore, to the best of
our knowledge, the effect of solvent use on AE during Re-
silon™ removal has not been assessed until now. Likewise,
these studies only measure the amount of apically extruded
material without any simulation of the resistance that the peri-
apical tissues offer in clinical in vivo conditions.

Another very recent and important finding should be
emphasized. The latest long-term clinical studies indicate
that, compared with gutta-percha, teeth obturated with Re-
silon™ have greater odds of failure, most probably due to the
susceptibility of this material to degradation >, These data
suggest that, in the years to come, a greater need for retreat-
ment of teeth obturated with Resilon™ may appear. In light
of these findings, the results of this study that investigated
the AE of Resilon™ during retreatment and the use of sol-
vent could be found useful by clinicians.

It is generally accepted that none of the instruments or
techniques used can prepare root canals or remove obturation
material without producing some apically extruded debris.
However, the amount of apically extruded debris might vary
according to the technique used and the design of the root
canal instrument & %°. Instrument systems have been devel-
oped specifically for retreatment procedures. ProTaper (PT)
Universal Retreatment (Dentsply Maillefer, Ballaigues,
Switzerland) is a rotary system made of nickel-titanium (Ni-
Ti) and consists of three instruments (D1, D2, D3) used for
the removal of filling material from each third of the root ca-
nal, respectively. Likewise, a new type of instrument —
Twisted File (TF) (SybronEndo, Orange, CA, USA) has be-
come available but has not been specifically designed for re-
treatment. These files have a twisted design, a triangular
cross-section, variable pitch, a safe-ended tip, and no ground
surface treatment 2°. According to the manufacturer, this de-
sign allows their use in retreatment cases. Only a few studies
evaluate the cleaning efficacy of TF instruments in retreat-

ment procedures 2 22 and the influence of this instrument on
AE during retreatment 23,

The aim of the study was to evaluate in vitro the
amount of apically extruded debris during retreatment of Re-
silon™-filled root canals, using PT, TF, and Hedstrom in-
struments, with or without solvent.

Methods

Specimen selection

In total, 72 freshly extracted human mandibular single-
rooted incisor teeth with one straight canal (curvatures <
10°), with mature apices, were used. Radiographs were taken
to confirm that there was no previous root canal treatment,
internal resorption, or root canal calcification. To standardize
specimen lengths, teeth were shortened to 16 mm by remov-
ing the crown.

Root canal preparation and obturation

Canal patency was confirmed with a size 10 K-file
(Dentsply Maillefer, Ballaigues, Switzerland) until it was
visible at the apical foramen. The working length (WL) was
1 mm short from the observed length. All teeth were pre-
pared with a rotary PT Universal system (Dentsply Maillefer,
Ballaigues, Switzerland) to size #25 (F2). Irrigation with 2
mL of 5.25% sodium hypochlorite (NaOCI-Chloraxid, Cer-
kamed Company, Stalowa Wola, Poland) was used between
each instrument. The smear layer was removed with 5 mL of
17% ethylenediaminetetraacetic acid (EDTA) (Endo Solu-
tion, Cerkamed Company), followed by a rinse with 10 mL
of distilled water. After drying with paper points (PT F2,
Dentsply Maillefer), master Resilon™ cone size #25.06 (Re-
alSeal 0.06 taper points, SybronEndo, Kerr Corporation,
USA) was fitted to the WL to check tug-back. The root canal
walls were coated with a self-etching primer using a micro-
brush, and the excess was removed with paper points. The
master cone was coated with an adhesive, methacrylate seal-
er (RealSeal Root Canal Sealant, SybronEndo Kerr Corpora-
tion, USA) and obturated using cold lateral condensation and
accessory Resilon™ cones. The excess cones coronally were
removed with a heated instrument, and additional vertical
condensation was done using pluggers (Dentsply Maillefer).
The coronal surface was then light cured with Woodpecker
LED.H curing light (Guilin Woodpecker Medical Instru-
ments, China; 12,000 mW/cm?, S/N:L1390416H) for 40 sec,
according to the manufacturer’s instruction. Access openings
were sealed (Cavit; 3M ESPE, Seefeld, Germany), and obtu-
ration quality was confirmed by radiographs from two direc-
tions. All teeth were stored at 37 °C in 100% humidity for
six weeks to allow the complete setting of the sealer and the
aging of the material to some extent. The temporary filling
material was replaced every two weeks to maintain a good
seal throughout the material seating procedure.

The teeth were coded and randomly assigned into six
groups (n = 12). In each group, Gates-Glidden drills (#3) were
used to remove 2 mm of material from the coronal portion.

Vukoje K, et al. Vojnosanit Pregl 2023; 80(5): 421-426.
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Retreatment techniques

Group 1: ProTaper

PT Universal Retreatment (Dentsply, Maillefer) instru-
ments were applied sequentially, using the D1 file (#30/.09)
to remove filling material from the coronal third, whereas D2
(#25/.08) and D3 files (# 20/.07) were used in the middle and
the apical third, respectively. The instruments were used in a
brushing action with lateral pressing movements, with a rota-
tional speed of 600 rpm (X-Smart, Dentsply Maillefer), ac-
cording to the manufacturer’s instructions. Additional apical
preparation was performed with PT Universal instruments F3
(#30) and F4 (#40) at 300 rpm.

Group 2: Twisted File

TF (SybronEndo) instruments were used in the follow-
ing sequence: TF 35 (0.06 taper), followed by TF 30 and 25
(0.08 taper), until reaching the WL. The rotational speed of
the X-Smart motor was set at a maximum of 800 rpm. Final-
ly, TF 35 (0.06 taper) and 40 (0.04 taper) were used to en-
large the apical preparation and additionally clean the canal
walls, with a rotational speed of 500 rpm. All the instruments
were used with a gentle, in-and-out motion and without pres-
sure, according to the manufacturer’s instructions.

Group 3: Hedstrom

Retreatment was performed with Hedstrom files
(Dentsply Maillefer) sequentially from #40-20 in a circum-
ferential quarter-turn, push-pull filing motion until the WL
was reached. Re-preparation of the canal apical part was car-
ried out till size 40.

Group 4: ProTaper + solvent

The same instrumentation protocol as in Group 1 was
used. Resilon™ was previously softened using 0.05 mL of
chloroform (Merck, Darmstadt, Germany) for 1 min. This
procedure was repeated also in the middle and apical portion
of the canal (0.15 mL in total for each specimen). Instru-
ments during material removal were used in the presence of a
solvent, except in the apical third, where the excess solvent
was collected with paper points before instrumentation.
When the WL was reached, the use of solvent was discontin-
ued during re-preparation and apical enlargement.

Group 5: Twisted File + solvent

The same instrumentation protocol as in Group 2 was
used, and the solvent was used in the same manner as ex-
plained in Group 4.

Group 6: Hedstrom + solvent

The same instrumentation protocol as in Group 3 was
used, and the solvent was used in the same manner as ex-
plained in Group 4.

Each set of instruments was used to retreat maximally
four root canals and then discarded. All instruments were
used according to the manufacturer’s instructions. During re-
treatment, the flutes of the instruments were frequently
cleaned, and 2 mL of 5.25% NaOCI was used for irrigation

Vukoje K, et al. Vojnosanit Pregl 2023; 80(5): 421-426.

after each instrument. Retreatment was considered complete
when the WL was reached, and no more material was ob-
served on the instrument or in the irrigating solution. After
re-preparation, the canals were irrigated with 5 ml of 17%
EDTA for 1 min and then flushed with 10 mL of distilled
water. A single experienced operator performed all the root
canal procedures to reduce inter-operator variability.

Measurement of collected debris and time for
retreatment

Prior to retreatment, the apex of the teeth was covered
with Teflon foil, and a ball of soft blue wax was pushed over
it. The Teflon served to prevent the wax from being pushed
into the apical foramen. This setup was done in order to sim-
ulate the resistance offered by the periapical tissues and se-
cure the material extruded through the apical foramen to be
flushed away with irrigating solutions used during retreat-
ment. Extrusion of root canal filling material through the ap-
ical foramen was detected visually after removal of the de-
bris collection apparatus using loupes with x3 magnification.
Scoring was carried out by a second examiner, who was
blinded to the group assignment, according to the following
system 10 2%: 0 = no extrusion of filling material through the
foramen; 1 = minimal extrusion of filling material, barely de-
tectable; 2 = moderate extrusion of filling material, easily de-
tectable; 3 = extrusion of a considerable amount of filling
material.

Additionally, the time required for the retreatment pro-
cedures was recorded (in sec) for each sample. The time for
irrigation, solvent application, cleaning, and changing of in-
struments was not recorded.

Statistical analysis

Mean ranks of scores for apically extruded material
were calculated and analyzed statistically using the Mann-
Whitney U test. Data for the retreatment time were analyzed
with one-way ANOVA. Analysis was performed with SPSS
(version 20.0) at a significance level of p < 0.05.

Results

The mean rank of scores for AE and the mean retreat-
ment time data are presented in Tables 1 and 2. The use of
solvent had no statistically significant effect on the results of
AE between the groups (p = 0.691; Table 1). When no sol-
vent was used, the difference between tested instruments was
statistically significant (p = 0.013), and Hedstrom files ex-
truded more debris when compared with PT (p = 0.023) and
TF rotary systems (p = 0.011; Table 2). When solvent was
used, all three tested instruments caused a similar degree of
apically extruded material (p = 0.974; Table 2).

The time for retreatment decreased significantly
when the solvent was used compared to the removal of
Resilon™ without solvent (p < 0.01; Table 1). The time
needed for retreatment with the same type of instrument
was significantly shorter when the solvent was used. Ro-
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Table 1

Mean rank of scores for apical extrusion during Resilon™ removal and mean retreatment time

Group Mean rank Sum of ranks Mean time (s) £ SD
YR
Resilon without solvent 29.65 889,50 168.37 + 121.48
(Groups 1-3)
el
Resilon™ - with solvent 3135 940.50 61.60 + 34.81*

(Groups 4-6)

Number of participants = 72 (six groups of 12 participants each); SD — standard deviation.
*p < 0.01 compared to groups 1-3 (without solvent).

Table 2

Mean rank of scores for apical extrusion and mean retreatment time for each group

Group

Mean rank Mean time (s) £ SD
number name
1 ProTaper without solvent 12.952 124,10 + 22,92 abd
2 Twisted File without solvent 11.802 188.40 + 50.22 acd
3 Hedstrom without solvent 21.754 485.90 + 103.53 Abc
4 ProTaper with solvent 15.05 85.60 + 13.70 abP
5 Twisted File with solvent 15.55 95.80 + 18.46 bC
6 Hedstrom with solvent 15.90 253.10+39.518

Number of participants = 72 (six groups of 12 participants each); SD — standard deviation.
* The difference is statistically significant (p < 0.05) between results marked with the same pairs
of uppercase and lowercase letters (A-a, B-b, C-c, or D-d).

tary instruments required significantly less time for re-
treatment than Hedstrom files, regardless of the solvent
use (p < 0.05; Table 2).

Discussion

As clinical assessment of AE is not viable, laboratory studies
are necessary as a helpful approximation to clinical reality .
However, caution should be taken during the interpretation
of the results because, in the in vitro setup, there are no peri-
apical tissues present that may act as a natural barrier 5. This
study used an innovative experimental setup, incorporating a
debris collection apparatus that closely covers the root apices
and offers some resistance to AE. Similar strategies were
employed in other studies 2 %7, Laboratory studies of AE
during retreatment were most often conducted with a quanti-
tative method, which involves the use of a special apparatus
for the collection of apically extruded material and debris,
and measuring their amount in grams 2 1°2-%_In some stud-
ies, the amount of apically extruded filling material during
retreatment was detected visually and evaluated with a scor-
ing system 1* 24 as in the presented study. This kind of eval-
uation methodology can be criticized due to a certain degree
of subjectivity and less precision in assessing the extruded
material amount. However, the precision of material extru-
sion measured in grams may be of limited relevance because
extrusion may occur more easily and frequently if there is no
periapical barrier that would limit the extrusion to some de-
gree, as in clinical reality #. Furthermore, in their study,
Alves et al. 2 found no correlation between extruded bacteri-
al counts and the volume of debris.

The number of studies evaluating apically extruded de-
bris during Resilon™ retreatment is limited 14, and regard-
less of the methodology used, all can contribute to the clari-
fication of the AE of the Resilon™ material. AE studies dur-

ing the removal of gutta-percha are numerous, but a compar-
ison of different obturation materials was made only in a few
studies, and no statistically significant difference was ob-
served between the tested materials 1% 12 13, A study that also
used the visual technique ° and compared gutta-percha, Re-
silon™, and EndoRez, found no difference between materi-
als in terms of AE. In the study by Canakgi et al. 1, a differ-
ent obturation technique (warm vertical condensation) did
cause a statistically significant difference for AE; however,
in the groups obturated with cold lateral condensation
(CLC), there was no difference between AE of gutta-percha
and Resilon™. According to the information available to the
authors, no study has assessed the impact of solvent use on
debris extrusion during Resilon™ removal. Therefore, this
study aimed to test only Resilon™ material and evaluate the
influence of solvent use and different instruments used for
the retreatment protocol (Hedstrom, PT, and TF) when CLC
was used as an obturation method.

The results of the current study showed that chloroform
use did not have a statistically significant influence on AE
during Resilon™ removal. As recommended by the manu-
facturer for the retreatment of the Resilon™ system, chloro-
form was used in this study. Moreover, studies confirmed
that this material could be effectively removed with chloro-
form and rotary instruments 3t %2, In a recent study, the
authors concluded that the use of a solvent specific to the
sealer during retreatment decreased the amount of apically
extruded debris *. Studies evaluating the solubility of the Re-
silon™ system with different solvents, such as xylol *, and its
impact on AE during retreatment, should be conducted.

Other than the type of solvent, the method of use and
the quantity of solvent can also influence the AE of the fill-
ing material. In the present study, the amount of chloroform
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was the same in all groups where the solvent was used (0.15
mL in total for each sample). Retreatment instruments were
used in the presence of a solvent, except in the apical third,
where the excess solvent was previously collected with paper
points. That was done as a precaution that is also recom-
mended in clinical conditions to prevent additional extrusion
into periapical tissues and possible solvent toxicity.

The presented results for AE in terms of different in-
struments used for retreatment showed that rotary instru-
ments caused significantly less AE than Hedstrom files when
no solvent was used. There was no difference regarding the
amount of AE between the two rotary instruments, which is
in accordance with other studies 2 2, However, in the pre-
sent study, during retreatment with solvent, rotary instru-
ments caused a higher degree of material extrusion, which
was similar to the extrusion caused by Hedstrom hand files.
In most studies, a common finding is that manual instrumen-
tation causes greater extrusion when compared with engine-
driven preparation 12 19 2% 2. 29 That is partially in accord-
ance with the results of the presented study when no solvent
was used during retreatment. Most studies have concluded
that rotary instruments produce less debris extrusion than
hand-filing techniques because they tend to pull the debris
into the flutes of the instrument and in a coronal direc-
tion 210, However, in this study, regardless of the convenient
design, rotary instruments caused similar AE as hand files
when the solvent was used. That may be explained by the
fact that Resilon™ is a very thermoplastic material %, and
when additionally softened with chloroform and heat gener-
ated by the friction of rotary instruments, it can be easily
pushed through the apical foramen. This study can add this
observation when Resilon™ retreatment is performed and
emphasize that rotary instruments should be used with more
care in the presence of a solvent to minimize apically extrud-
ed debris.

Not many studies measured retreatment time during the
use of different instruments, and mainly these studies evalu-

ated gutta-percha removal. The results of this study showed
that retreatment time was significantly reduced with chloro-
form use. Because of the limited number of studies that eval-
uated Resilon™ retreatment and measured working time 2,
other studies investigating these factors and different types of
solvents should be conducted.

The results also showed that the longest retreatment
time was needed with hand instruments, regardless of the
solvent use, while rotary instruments required significantly
less time for retreatment. Somma et al. 1 compared three
types of obturating material and Mtwo instruments and also
PT rotary instruments with Hedstrom files and concluded
that rotary instruments and Resilon™ filling material had a
positive impact on reducing the time for retreatment. The
study that also evaluated TF for retreatment of Resilon™ re-
ported that Mtwo Retreatment instruments were faster than
PT and TF instruments #. Another study evaluated the effec-
tiveness of the newer TF Adaptive instruments, but only for
gutta-percha removal, and reported that Reciproc and PT Re-
treatment instruments were more efficient than TF Adaptive
instruments and hand files and that the TF Adaptive system
was advantageous over hand files only with regard to operat-
ing time 22,

Conclusion

Under the experimental conditions of the present study,
all tested retreatment systems caused AE. The use of chloro-
form during Resilon™ removal did not have a significant ef-
fect on the results of AE; however, it significantly reduced
retreatment time. Rotary instruments caused less AE than
Hedstrom files when no solvent was used. Nevertheless, the
use of solvent caused a higher degree of extruded material
when rotary instruments were used compared to their use
without solvent. In accordance with these findings, rotary in-
struments should be used with precaution for the removal of
Resilon™ in the presence of a solvent.
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Abstract

Background/Aim. Mandibular prognathism, as one of the
more severe forms of dentofacial deformities, impairs the oral
functions and appearance of the patient’s face and represents
a psychosocial handicap with a negative impact on the quality
of life (QoL). The aim of the study was to assess the impact
of orthodontic-surgical (OS) treatment on the QoL of pa-
tients with mandibular prognathism. Methods. The study in-
volved 40 patients (19 men and 21 women, with a mean age
of 24.1 £ 4.1 years) who underwent the OS treatment for
mandibular prognathism. All patients completed two ques-
tionnaires — the Oral Health Impact Profile (OHIP-14) and
the Orthognathic Quality of Life Questionnaire (OQLQ), be-
fore the start of treatment and 12 months after the comple-
tion of treatment. Results. The results of both questionnaires
showed an improvement in the QoL compared to the condi-
tion before the treatment. According to the OQLQ ques-
tionnaire, there was a postoperative improvement in the QoL
(score 24.8 = 12.9) compared to the preoperative period
(score 51.3 + 15.2). According to the results of the OHIP-14
questionnaire, there was a postoperative improvement in the
QoL (score 11.3 * 2.9) compared to the preoperative period
(score 20.8 £ 6.9). The improvement of the QoL, 12 months
after the treatment, occurred in all life segments, measured by
both questionnaires. Conclusion. OS treatment of mandibu-
lar prognathism improves all oral functions, including the ap-
pearance of the patient’s face, thus improving the QoL.

Key words:

mandible; orthognathic surgical procedures;
prognathism; quality of life; surveys and
questionnaires; treatment outcome.

Apstrakt

Uvod/Cilj. Mandibularni prognatizam predstavlja tezak
oblik dentofacijalnog deformiteta koji narusava oralne
funkcije i izgled lica pacijenta, i predstavlja psihosocijalni
hendikep sa negativnim uticajem na kvalitet Zivota (KZ). Cilj
rada bio je da se proceni uticaj ortodontsko-hirurskog (OH)
le¢enja pacijenata sa mandibularnim prognatizmom na KZ.
Metode. U istrazivanju je ucestvovalo 40 pacijenata (19
muskaraca i 21 Zena, prosec¢ne starosti 24,1 £ 4,1 godina) kod
kojih je izvrseno OH lecenje mandibularnog prognatizma. Svi
ispitanici su pre pocetka lec¢enja i 12 meseci nakon zavrsenog
lecenja odgovorili na pitanja upitnika o uticaju oralnog
zdravlja na KZ (Oral Health Impact Profile — OHIP-14) i
upitnika o uticaju dentofacijalnog deformiteta na KZ
(Orthognathic Quality of Life Questionnaire — OQLQ)). Rezultati.
Rezultati oba upitnika pokazali su poboljsanje KZ u odnosu
na stanje pre pocetka lecenja. Prema rezultatu OQLQ
upitnika doslo je do postoperativnog poboljsanja KZ (skor
248 + 12,9) u odnosu na preoperativni period (skor 51,3 *
15,2). Prema rezultatu OHIP-14 upitnika, doslo je do
postoperativnog poboljsanja K7 (skor 11,3 £ 2,9) u odnosu
na preoperativni period (skor 20,8 £ 6,9). Do poboljsanja
KZ, 12 meseci posle lecenja, doslo je u svim segmentima
merenim putem oba upitnika. Zaklju¢ak. OH lecenjem
mandibularnog prognatizma postize se poboljsanje svih
oralnih funkcija, ukljucujuéi izgled lica pacijenta, a samim tim
i poboljsanje KZ.

Kljucne reci:

mandibula; hirurgija, ortognatska, procedure;
prognatizam,; kvalitet Zivota; ankete i upitnici; leCenje,
ishod.

Correspondence to: Jana Ili¢, Health Center of Banja Luka, Sime Matavulja bb, 78 000 Banja Luka, Republic of Srpska, Bosnia and

Herzegovina. E-mail: ilic_jana@hotmail.com



Page 428

VOJNOSANITETSKI PREGLED

Vol. 80, No. 5

Introduction

Mandibular prognathism (MP) is a developmental skele-
tal irregularity with a predominantly developed lower jaw and
impaired appearance of teeth and face, which, in addition to
impaired oral function, leads to psychosocial problems that
significantly reduce the quality of life (QoL) of the patient *.

The most common treatment for MP is orthodontic-
surgical (OS) treatment, which improves the appearance of
the face, oral functions, and the patient’s QoL 2 2. The out-
come of the OS treatment can be objectively confirmed by
analysis of postoperative dental occlusion as well as by
measuring cephalometric parameters; however, in modern
dentistry, an important role in determining the effectiveness
of treatment results is the patient’s assessment of the QoL > *.
Increased understanding of the patient’s perception, expecta-
tions, and views on the overall treatment is necessary to
achieve a successful treatment outcome *.

According to the definition by the World Health Organ-
ization, the QoL is an individual’s perception of their life po-
sition depending on the culture and value system in which
they live and is related to their goals, expectations, standards,
and interests. It is a broad concept that consists of the physi-
cal health of an individual, psychological status, material in-
dependence, social relations, and their relations according to
the significant characteristics of the external environment 5,
Quality of life is assessed using general health questionnaires
and disease-specific questionnaires.

Numerous studies that have been conducted in recent
years confirmed that MP is a significant psychosocial defi-
ciency for patients and negatively affects their QoL 52, Many
studies have shown that surgical treatment of deformities
contributes to good aesthetic results, significantly changing
the psychological status of these patients, with a positive im-
pact on their self-confidence and awareness of their values,
thus improving their QoL ® 7. For some patients, after the OS
treatment of MP, the domain of the social aspect was more
important than the improved facial appearance and oral func-
tion °. In general, OS treatment had a positive effect on the
QoL of patients with dentofacial deformities 122,

The aim of our study was to assess the impact of OS
treatment on the QoL of patients with MP.

Methods

This study included 40 patients with an age range of 19—
34 years. All patients were diagnosed with MP and underwent
the OS treatment of the deformity. The patients were treated at
the Department of Orthodontics and the Department of Maxil-
lofacial Surgery of the Dental Clinic of the Military Medical
Academy in Belgrade, Serbia. All activities and procedures
applied in this study were approved by the Ethics Committee
of the Military Medical Academy in Belgrade, on December
13, 2018 according to the Declaration of Helsinki.

The study involved patients with good mental health
and psychological status with no previous history of ortho-
dontic treatment (OT). Patients with cleft lip and palate and
all other craniofacial deformities, patients with a history of

facial trauma or some orthognathic surgery, patients with
temporomandibular joint disease, facial asymmetries, etc.,
were excluded from the study.

Patients in the study were divided into two groups — pa-
tients who underwent surgery on one jaw (monomaxillary
group) and patients who underwent surgery on both jaws
(bimaxillary group).

All patients underwent preoperative OT with the same
protocol to achieve adequate and stable postoperative occlu-
sion. After the orthodontic preparation, surgical repositioning
of the jaws (mono or bimaxillary type) with rigid fixation
was performed. A standard sagittal step osteotomy was per-
formed in the area of the lower jaw ramus, while a Le Fort
osteotomy | of the middle facial mass was performed in the
area of the upper jaw.

In this study, patients completed two questionnaires to
assess the QoL before (T1) and 12 months after OS treatment
of MP (T2). One questionnaire contained questions on oral
health in general — Oral Health Impact Profile (OHIP-14) %,
and another questionnaire, the Orthognathic Quality of Life
Questionnaire (OQLQ) > %, was specifically formulated for
orthognathic patients.

The OHIP-14 contained 14 questions that assess the im-
pact of oral health on patients” QoL through seven areas: func-
tional limitations, physical pain, psychological discomfort,
physical, psychological, and social disabilities, and handicap.
Patients were asked to complete the questionnaire expressing
the degree of agreement on a five-point scale, from 0 to 4,
where a higher score represents a more frequent presence of
functioning problems. The total possible number of points was
56. Moreover, a higher score indicated a poorer QoL. The Ser-
bian version of the OHIP-14 questionnaire was validated by
Stanci¢ et al. ¥, and the reliability and validity of this ques-
tionnaire were confirmed in a study by Leki¢ et al. 182,

The OQLQ contained 22 questions that assess the im-
pact of dentofacial deformities on a patient’s QoL through
four areas: social aspects, facial aesthetics, oral function, and
awareness of facial deformity. The answers to the questions
are ranked on a scale from 1 to 4, and thus a subjective view
is expressed in the extent to which each of the claims relates
to the patient. Answer ranked as number 1 means that the pa-
tient is a little bothered by this condition, while 4 means that
it bothers the patient a lot. Answers ranked with numbers 2
and 3 belong between these two statements. There was also a
N/A answer, which means that the condition does not apply
to the patient or does not bother the patient at all. The result
of the questionnaire represented the total sum of rounded
numerical options by claims and can be expressed compre-
hensively or by domains. The total score of the answers to all
questions can range from 0 to 88. A score defined by a larger
number indicates a poorer QoL. Cunningham et al. > 16 de-
veloped the OQLQ, which was used in numerous studies,
and Vugi¢ et al. ?° validated it in Serbian.

Statistical analysis

The Kolmogorov-Smirnov test was used to examine the
layout of a statistical series. Pearson’s chi-squared (%) test was

Ili¢ J, et al. Vojnosanit Pregl 2023; 80(5): 427—432.
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used to test the relationship between the two qualitative varia-
bles. Differences in numerical variables were examined using
One-Factor Analysis of Variance (ANOVA) and/or t-test for
large independent samples. To examine the relationship between
the two continuous variables, Pearson’s correlation coefficient
was used as a parametric test, and Spearman’s correlation coef-
ficient as a nonparametric substitution. Differences in the values
of numerical variables, measured in several time intervals, were
tested by the repeated measure ANOVA test. Statistical signifi-
cance was defined at the level of probability of the null hypothe-
sis of p < 0.05. Statistical processing and analysis were done in
the computer program Statistical Package for the Social Scienc-
es 24 (SPSS 24), and graphical and tabular presentation in the
software package Microsoft Office (Excel and Word).

Results

The study included 40 patients, of which 19 (47.5%) were
men and 21 (52.5%) were women. The mean age + standard de-
viation (SD) of the patients was 24.1 + 4.1 years. Out of the total
number of patients, surgery on one jaw was performed in 16
(40%) respondents (monomaxillary group), while surgery on
both jaws (bimaxillary group) was performed in 24 (60%) re-
spondents. These two groups of patients did not differ signifi-
cantly concerning gender, age, and type of surgery performed.

Descriptive indicators of QoL measured by the OHIP-14
questionnaire

The results of the OHIP-14 questionnaire, which measured
the difference between the QoL of patients before (T1) and 12
months after the OS treatment of MP (T2), showed postopera-
tive improvement of the QoL (11.3 + 2.9) compared to the pre-
operative period (20.8 £ 6.9) (OHIP index). There was an im-
provement in the QoL after completion of treatment in all life
segments measured by the questionnaire scale (T2 vs. T1): func-
tional limitation 0.8 £ 1.1 vs. 1.6 £+ 1.2; physical pain 1.8 £ 1.5
vs. 3.2 £ 1.2; psychological discomfort 4.3 + 2.3 vs. 7.2 £ 2.1;
physical disability 2.2 + 2.8 vs. 3.3 + 2.7; psychological disabil-
ity 0.5 £ 0.7 vs. 1.1 £ 1.2; social disability 0.9 + 1.1 vs. 2.3 £
1.3; handicap 0.9 + 0.8 vs. 2.1 £ 0.9. The highest average score
before and after treatment was recorded on the question: “Have

Table 1

you been self-conscious because of your teeth, mouth, or den-
tures?”” (3.1 + 0.9 vs. 2.5 + 1.2), which represents the biggest
preoperative and postoperative problem for patients. The lowest
average result before and after treatment and, at the same time,
the smallest problem were recorded on the question: “The
change in the sense of taste because of problems with the teeth,
mouth, or dentures.” (0.1 £ 0.3 vs. 0.2 £0.5).

Descriptive indicators of the QoL measured by the OQLQ
questionnaire

The results of the OQLQ questionnaire, which measured
the difference between the QoL of patients before (T1) and 12
months after the OS treatment of MP (T2), showed postopera-
tive improvement of the QoL (24.8 + 12.9) compared to the pre-
operative period (51.3 £ 15.2). Improvement in the QoL after
completion of treatment occurred in all segments measured by
the questionnaire scale (T2 vs. T1): awareness of facial deformi-
ty 6.9 £ 4.2 vs. 10.4 + 4.3; oral function 5.4 £ 2.9 vs. 12.5 £ 3.9;
facial aesthetics 6.7 + 3.8 vs. 14.9 £ 3.7; social aspects 5.7 + 4.5
vs. 13.5 + 7.4. Our study showed that the highest average result
before treatment was recorded on the question: ““I don’t like see-
ing a side view of my face (profile).” (3.6 £ 0.7), which is the
biggest preoperative problem for patients. The highest average
result after the end of treatment was recorded on the question:
“I’'m self-conscious about my facial appearance.” (2.0 £ 1.4),
which was the biggest postoperative problem for patients. The
lowest average result and, at the same time, the littlest problem
for the patients, both before and after the treatment, was the
question: “I worry about meeting people for the first time.” (1.1
+1.3vs.0.6£0.7).

Characteristics of patients and QoL measured by OQLQ
and OHIP questionnaires

Table 1 shows that gender did not have a statistically sig-
nificant effect on the change in QoL (p > 0.05). The interaction
of gender, age, and type of surgery did not affect the change in
subscale values (p > 0.05).

Based on the split-plot ANOVA (SPANOVA) test, it was
proven that there is a statistically significant effect of the inter-
vention on the change in the QoL measured before and 12

Impact of gender, age, and type of surgery on the change in the quality of life measured by the OQLQ and OHIP-14
questionnaires before (T1) and 12 months after (T2) the orthodontic-surgical treatment of mandibular prognathism

OQLQ OHIP-14

Parameter Wilks’ E N Wilks’ F )

lambda P N lambda P N
Difference between T1 and T2 0.132 209.639 0.000 0.868 0.290  78.375 0.000 0.710
Difference between T1 and T2 *gender 0.913 3.045 0.091 0.087 1.000 0.000 0.987 0.000
Difference between T1 and T2 *age 0.967 1.094 0.303 0.033 0.974 0.850 0.363 0.026
Difference between T1 and T2 *group 0.987 0.434 0515 0.013 0.962 1.266 0.269 0.038
Difference between T1 and T2 *gender*age 0.998 0.060 0.808 0.002 0.907 3.265 0.080 0.093
Difference between T1 and T2 *gender*group 0.971 0.966  0.333 0.029 0.984 0.536 0.470 0.016
Difference between T1 and T2 *age*group 0.992 0.273  0.605 0.008 0.993 0.215 0.646 0.007
Difference between T1 and T2 *gender*age*group 0.942 1.971 0.170 0.058 1.000 0.007 0.932 0.000

OQLQ - Orthognathic Quality of Life Questionnaire; OHIP — Oral Health Impact Profile; F — split-plot analysis of
variance (SPANOVA); p — statistical significance; n? — squared Eta. Bolded values are statistically significant.
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months after treatment (p = 0.00). The value of Eta2 measured
with the OQLQ questionnaire was 0.868, while the value meas-
ured with the OHIP questionnaire was 0.710, which indicated
that the impact of the intervention was large (0.01= small im-
pact, 0.06 = moderate impact, 0.14 = large impact).

Differences in the QoL of patients measured by the OQLQ

questionnaire before and 12 months after the OS treatment
of MP in patients with surgery on one jaw (monomaxillary
group) and patients with surgery on both jaws (bimaxillary

group)

Before and after the OS treatment, no intergroup differ-
ences were observed in the recorded values of the OQLQ scale,
as well as on the subscales of the questionnaire: awareness of
facial deformity, oral function, facial aesthetics, and social as-
pects (Table 2).

Differences in the QoL measured by the OHIP

questionnaire before and 12 months after the OS treatment
of MP in patients with surgery on one jaw (monomaxillary
group) and patients with surgery on both jaws (bimaxillary

group)

Before the start of treatment, intergroup differences were
noted on the subscale: physical pain (-2.135, p = 0.039). Patients
from the bimaxillary group felt preoperatively greater pain (1.8
+ 0.5) compared to patients from the monomaxillary group (1.4
+ 0.6). After the completion of the OS treatment, intergroup dif-

Table 2

ferences were observed on the same subscale of the OHIP ques-
tionnaire as at the beginning of the treatment (Table 3).

Discussion

Patients with dentofacial deformities, including MP,
have a lack of self-confidence due to their appearance, which
negatively affects their social relationships, employment,
making emotional relationships, and QoL. In patients with
MP, OS treatment is becoming increasingly important, which
improves the oral functions and facial appearance of the pa-
tients 2.

The impact of malocclusions, including MP, on the
QoL of patients was the subject of numerous studies, which
confirm that malocclusions cause a higher degree of dissatis-
faction with the appearance of the face. Most of these studies
found that the QoL of patients with MP significantly im-
proved after OS treatment and that most patients were satis-
fied with the outcome of treatment * *2,

In recent years, many studies have examined the impact
of oral health problems on patients” QoL, using general and
specific types of questionnaires such as the 36-item Short-
Form Health Survey (SF-36), OHIP-14, and OQLQ 12 224,
The questionnaire OHIP-14, developed by Slade , is most
often used to assess the impact of oral health on the QoL of
patients.

To assess the QoL, we used two questionnaires in our
study, the OHIP-14 and the OQLQ. The results of our study
showed that the biggest problem for patients before treatment

Differences in the quality of life of patients before (T1) and 12 months after (T2)
the orthodontic-surgical treatment of mandibular prognathism inside of monomaxillary
and bimaxillary groups, according to the results of the OQLQ questionnaire

Parameter Monomaxillary Bimaxillary
T1 T2 p T1 T2 p
Awareness of facial deformity 27+09 18=%09 0.004 25+1.2 17+11 0.001
Oral function 27x05 11+04 0.000 24+09 1.0+£0.7 0.000
Facial aesthetics 34+03 1506 0.000 29+0.38 1.3+08 0.000
Social aspects 16+10 06+05 0.000 1.7+09 0806 0.000
Overall score 24+06 1.1+05 0.000 23+07 11+07 0.000
OQLQ - Orthognathic Quality of Life Questionnaire. The t-test of repeated measurements was applied.
Bolded values are statistically significant. The results are presented as mean + SD.
Table 3
Differences in the quality of life of patients before (T1) and 12 months after (T2)
the orthodontic-surgical treatment of mandibular prognathism inside of monomaxillary
and bimaxillary groups, according to the results of the OHIP-14 questionnaire
Monomaxillary Bimaxillary

Parameter T T 0 T ™ b

Functional limitation 0.8+0.6 03+04 0000 08x06 05%06 0.000

Physical pain 14+06 08+08 0004 18+05 08+0.7 0.000

Psychological discomfort 2.5 #0.7 1.3+09 0.000 23x0.7 15+0.7 0.000

Physical disability 12+11 06x09 0067 11+x08 0910 0.244

Psychological disability 13+12 06+07 0.044 10x12 0507 0.043

Social disability 12+06 0405 0.002 12x07 0506 0.000

Handicap 22+08 0.8+08 0.000 20+09 09+09 0.000

Overall score 15+06 18+07 0212 15+05 18+1.1 0.129

OHIP - Oral Health Impact Profile. The t-test of repeated measurements was applied.
Bolded values are statistically significant. The results are presented as mean + SD.
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was facial appearance because the highest result was record-
ed on the following questions: “Have you been self-
conscious because of your teeth, mouth, or dentures?” (ac-
cording to the OHIP questionnaire) and ““I don’t like seeing a
side view of my face (profile).” (according to the OQLQ
guestionnaire). Based on the results of both questionnaires,
patients had the littlest problems with their sense of taste.
These results justify the fact that the main motive for treating
patients is a change in facial appearance due to the present
dentofacial deformity.

Based on the results of the OHIP questionnaire, we
concluded that worse results were observed in patients before
the start of treatment, while better results were recorded after
the end of treatment. That shows that patient satisfaction
with the QoL is significantly improved after completion of
treatment, which is confirmed by a study by Kilinc and Er-
tas 2with similar results.

Joachim et al. 8 examined the impact of OS treatment on
the QoL of patients with MP and, similar to our results, con-
cluded that this type of treatment has a positive effect on the
QoL of both men and women in the physical and social do-
mains.

Some studies have examined the impact of OS treat-
ment on QoL at shorter time intervals after the surgery. In
the Eslamipour et al. 2 study, after six months, there was a
significant improvement in the QoL compared to the first
three months after treatment. In our study, we examined the
QoL 12 months after the completion of treatment, after the
removal of orthodontic braces, and after the completion of
the post-surgical phase of OT. During this period, there were
no postoperative problems such as swelling, pain, bleeding,
or neurosensitivity disorders which can negatively affect the
QoL and temporarily cause its deterioration. Lee et al. %, al-
so assessing the QoL six weeks and six months after surgery,
concluded that there was a deterioration in the QoL in the
early postoperative phase compared to the period of six
months after treatment. This gradual post-surgical improve-
ment is supported by a study by Choi et al. 2, who reported
moderate to vast improvements in the time interval of three
to six months after completion of treatment.

In terms of different domains of QoL, when it comes
to the analysis of our OQLQ questionnaire, the biggest
changes occurred in the emotional domain, followed by
psychological and functional aspects. The smallest changes
occurred in the social domain, with similar results before
and after treatment. According to the analysis of the OHIP-
14 questionnaire, in terms of different domains, the littlest
problem for patients was the domain of functional limita-
tion both before and after treatment.

Eslamipour et al. 2 and Choi et al. % came to similar
results, with the difference that the smallest changes oc-
curred in the functional domain, and there were no signif-
icant changes in the first three months after the end of
treatment. That is also in accordance with the study by
Choi et al. 2%, in which it was found that there was no sig-
nificant improvement in the QoL; there was even a short-
term deterioration in the QoL of the patients immediately
after surgery. Both of these studies assessed the QoL for a

Ili¢ J, et al. Vojnosanit Pregl 2023; 80(5): 427—432.

limited period of six months after completion of treat-
ment.

Desforges et al. 2’ proved that improvement in the
functional domain occurs later than the changes in other
domains measured by the QoL questionnaires. This finding
is to be expected because the surgery itself brings certain
inconveniences for the patient, such as pain, swelling, neu-
rosensitivity disorders, limited mouth opening, and reduced
muscle efficiency 2.

For some patients, the social aspect was more im-
portant than improved facial appearance and oral function
after treatment °. According to the results of our study, pa-
tients had the littlest problems in the social domain before
and after the OS treatment. The changes that most affected
the QoL were in the domains of facial aesthetics, awareness
about deformity, and oral function in the last place.

After completing the treatment, patients have numerous
psychological benefits, such as improving their body image,
facial appearance, and better interpersonal relationships.
Azuma et al. 2° examined changes in QoL about psychologi-
cal status in patients with malocclusions after combined OS
treatment. They concluded that patients after the OS treat-
ment, regardless of the severity of malocclusion, had a lower
degree of anxiety and improved QoL, measured by specific
questionnaires for oral health and malocclusions, compared
to the same parameters before treatment.

When it comes to the differences between men and
women, the results of our study showed that there are no
significant gender differences in overall QoL as well as in
the domains measured by the patient QoL questionnaires
after the OS treatment of MP.

Eslamipour et al. 2! noted that the overall QoL out-
come for women in all four domains (especially in the emo-
tional and social domains) shows poorer status compared to
men before surgery. However, the QoL in women achieved
remarkable improvement in all four domains to the same
extent as in men after surgery. That shows that the QoL in
both women and men has changed for the better, with
women having bigger improvements. The results of the
study by Rezaei et al. ® showed that there were no differ-
ences between men and women regarding the OHIP ques-
tionnaire. When it comes to the OQLQ questionnaire, in all
domains measured by the questionnaire, women were more
dissatisfied before surgical treatment than men. That means
that men had a better QoL before treatment compared to
women and that women are more sensitive when it comes
to facial appearance.

Our study did not confirm the difference in the QoL
between the monomaxillary and bimaxillary groups of pa-
tients. Patients from both groups, those who underwent
surgery on one and those who underwent surgery on both
jaws, showed the same improvement in QoL after treat-
ment. These findings support the fact that OS treatment
leads to remarkable improvements in various aspects of the
psychological, functional, social, emotional, and physical
well-being of the patient 12 22 30. 31,

Our study has certain limitations such as the fact
that the OS treatment lasts a long time and includes
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many phases. A larger number of patients who would
follow through all the phases of the OS treatment, in-
cluding a longer period of time after completion of the
treatment, would contribute to a better understanding of
the impact of overall treatment on the QoL of patients
with MP.

10.

11.

12.

13.

14.

15.

16.

17.

Conclusion

The OS treatment of patients with MP improves all

oral functions, the appearance of the patient’s face, and

se

If-confidence. All of that leads to a significant improve-

ment in the QoL.
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Gingival crevicular glucose estimation and patient’s perception of
pain during routine dental examination — a concept based on a novel

patented periodontal device

Procena nivoa glukoze u gingivalnom sulkusu i percepcija bola kod pacijenata
tokom rutinskog stomatoloskog pregleda — koncept zasnovan na
novopatentiranom parodontalnom uredaju

Nabeeh Abdullah AlQahtani, Mohasin Abdul Khader, Mukhatar Ahmed Javali

King Khalid University, College of Dentistry, Department of Periodontics and
Community Dental Sciences, Abha, Kingdom of Saudi Arabia

Abstract

Background/Aim. Diabetes mellitus (DM) is a common
metabolic disease that causes high mortality and morbidity
worldwide. Therefore, in order to implement prevention
strategies, physicians need to identify this condition as eatly
as possible. The aim of the study was to test the concept of
a novel periodontal device that can be attached to a glucose
monitoring device as an innovative tool to screen for perio-
dontitis and DM simultaneously during a routine dental ex-
amination. Hence, the correlation of blood glucose between
the conventional finger-prick blood glucose (FPBG) and
gingival crevicular blood glucose (GCBG) method, along
with an estimation of the patient’s pain perception by visual
analog scale (VAS) was examined. Methods. A cross-
sectional comparative study was conducted among 250 pat-
ticipants whose GCBG and FPBG were estimated. The
VAS score scale was recorded for each patient immediately
after the procedure. Results. The mean GCBG value was
151.19 + 42.64 mg/dL, while the mean FPBG was 150.48 £
42.95 mg/dL, showing a high Peatson’s cottrelation (r =
0.9932; p < 0.00001). The Mann-Whitney U test for VAS
score between both groups showed a statistically significant
difference (p < 0.00001). Conclusion. The GCBG method
was well tolerated by patients, and highly correlated with pe-
ripheral blood glucose levels. The proposed concept of the
novel periodontal device appeared to be a feasible option
for examining periodontium and screening DM simultane-
ously in dental clinics.

Key words:

blood glucose; dental instruments; diabetes mellitus;
fingers; gingival crevicular fluids; pain measurement;
periodontitis.

Apstrakt

Uvod/Cilj. Dijabetes melitus (DM) je Cesta metabolicka
bolest, koja izaziva visok morbiditet i mortalitet sirom sveta.
Zbog toga, kako bi primenili strategije prevencije, lekari
moraju $to ranije da identifikuju to stanje. Cilj rada bio je da
se testira novi parodontalni uredaj koji se moze povezati sa
uredajem za pracenje nivoa glukoze u krvi kako bi tokom
rutinskog  stomatoloskog pregleda istovremeno visio
skrining parodontitisa i DM. Stoga, ispitana je korelacija
nivoa glukoze u krvi izmerenih primenom konvencionalne
metode merenja glukoze u krvi iz prsta (KMIP) i metode
merenja glukoza u krvi iz gingivalnog sulkusa (UKGS), uz
istovremenu procenu percepcije bola pacijenata vizuelnom
analognom skalom (VAS). Metode. Komparativna studija
presecka sprovedena je medu 250 ispitanika kojma su
procenjeni UKGS i KMIP. Bodovna skala VAS zabelezena
je za svakog pacijenta odmah nakon postupka. Rezultati.
Prosecna vrednost glukoze UKGS iznosila je 151,19 £
42,64 mg/dL, dok je KMIP vrednost glukoze bila 150,48 +
42,95 mg/dL, $to je pokazalo visoku Pearson-ovu kotelaciju
(r = 0,9932; p < 0,00001). Mann-Whitney U test za VAS
skor izmedu obe grupe pokazao je statisticki znacajnu
razliku (p < 0,00001). Zaklju¢ak. Metodu UKGS pacijenti
dobro tolerisu, a njene vrednosti znacajno koreliSu sa
nivoom glukoze u perifernoj krvi. Predlozeni koncept
koris¢enja novog parodontalnog uredaja pokazao se kao
pogodan izbor za ispitivanje parodoncijuma i istovremeni
skrining DM u stomatoloskim klinikama.

Kljucne redi:

glukoza u krvi; stomatoloski instrumenti; dijabetes
melitus; prsti; gingivalna sulkusna te¢nost; bol,
merenje; periodontitis.
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Introduction

Diabetes mellitus (DM) is a common metabolic disease
that causes high mortality and morbidity worldwide. There
has been a steady increase in its prevalence, as a recent re-
port shows that it has increased from 4.7% to 9.3% over the
last few decades. Researchers expect the numbers to rise
from 463 million to 578 million cases in the next decade *.
The rising medical expenses associated with DM begin much
before its diagnosis. Therefore, physicians need to identify
this condition early to implement prevention strategies . DM
causes periodontal breakdown 2 and peri-implantitis . Ob-
servational # and longitudinal studies * 8 demonstrate that
DM increases the risk of periodontitis in adults " 8. The role
of uncontrolled DM as a risk factor for periodontal disease
and tooth loss has been widely studied ® °. Moreover, per-
sons with DM also have delayed wound healing *. Hence,
screening for elevated blood glucose (BG) levels prior to any
dental procedure is crucial for achieving adequate glycemic
control before any surgical procedure or dental implant
placement %,

In our body, glucose is found in blood and other secre-
tions such as intracellular fluids, tears, saliva, and urine. Its
concentration is highest in the arterial circulation ’. However,
in the laboratory, venous blood samples are usually taken to
diagnose DM using the glucose oxidase method. Neverthe-
less, if the tourniquet is left for a long time, BG concentra-
tions can fluctuate as much as 25 mg/dL 2. The capillary BG
levels used in the finger-prick blood glucose (FPBG) estima-
tion are found to be between venous and arterial concentra-
tions. The chairside glucometer used to monitor BG levels
typically uses glucose oxidase biosensors to determine BG
concentration from the FPBG method using a lancet. This
technique is a direct and accurate method for assessing BG
concentrations. Yet, it has been found that patients are often
distressed while doing this test due to pain 314,

Recent studies show that gingival crevicular blood glu-
cose (GCBG) is emerging as an alternative source of blood
for determining BG concentration %-°. Bleeding on probing
(BOP) occurring in the gingival crevice during routine dental
examination is an objective sign of periodontal breakdown.
Apparently, this bleeding during routine periodontal probing
can be used to estimate the BG level instead of the traditional
FPBG -2, Many invasive dental procedures require persons
with DM to first screen for their current blood sugar status
since hyperglycemia and hypoglycemia can be detri-
mental 16, For most persons with DM, especially the elderly
who report to dental procedures, BG levels should be regu-
larly monitored # %6, That is not feasible with traditional BG
detection methods; thus, continuous glucose monitoring in
these persons using the GCBG method during lengthy dental
procedures may be of great clinical application value and
more in line with market trends. Although there are many
glucometers in the global market, none of these have the
mechanism to measure periodontitis and screen for DM sim-
ultaneously. Therefore, this study aimed to test the concept
of a novel patented periodontal device that can be attached to
a glucose monitoring device as an innovative tool to screen

for periodontitis and DM simultaneously during a routine
dental examination. Accordingly, the correlation of BG be-
tween the conventional FPBG method and the GCBG meth-
od was assessed.

Methods

Clinical protocol

We conducted a cross-sectional comparative study
among 180 participants who reported to the Outpatient De-
partment, College of Dentistry, King Khalid University,
Saudi Arabia, using a randomized sampling technique from
April to November 2021. Ethical Approval was obtained
from the Institutional Review Board of King Khalid Univer-
sity, Saudi Arabia (IRB/KKUCOD/ETH/2020-21/053). The
study followed the code of ethics in the Declaration of Hel-
sinki (version 17c, 2004). Complete information about the
study was given to the participants in their language, and in-
formed consent was obtained before the commencement of
the study.

Participants

Patients older than 18 years who had chronic periodon-
titis (with at least one bleeding site) were recruited for the
study. Patients with the following conditions were excluded:
(1) recent use of antibiotics; (2) patients with hematological
disorders; (3) use of medications that interfere with coagula-
tion; (4) presence of any systemic disorder.

Sources of data and details of methods of assessment

Patients who met the inclusion criteria were taken for
the study after obtaining informed consent. They reported to
the clinic at 8 am to have their glucose levels recorded. At
first, the patients underwent periodontal probing using the
University of Michigan “O” periodontal probe with Williams
graduations at six sites on each tooth. A single examiner car-
ried out these examinations to detect each patient’s bleeding
gingival site. A GCBG sample was collected from the site
with maximum inflammation and bleeding ¢. Removal of a
piece of supragingival calculus was needed in some cases to
collect blood from the gingival sulcus. About 10 to 15 pL of
blood sample was collected after isolating the area with cot-
ton rolls to prevent saliva contamination and drying with
compressed air. Glass capillary tubes were used to transfer
the blood to the test strip that was already loaded into the
glucometer following the manufacturer’s instructions.

Patented device

A device for simultaneous measuring of periodontitis
(in terms of clinical attachment level, probing depth, and
bleeding on probing) and DM (in terms of peripheral BG
levels) has been recently granted a patent (Patent Number:
SA 6757 B — Saudi Arabia; patented February 2020). The
patented glass periodontal probe with markings that can be
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attached to a glucose monitoring device is an innovative tool
to screen for peripheral BG levels and periodontitis simulta-
neously during a routine dental examination. It is a manual
periodontal probe with 1 mm graduations, a small, battery-
powered glucometer, and a display screen attached to its
handle. The probe tip is a small glass capillary tube of 0.5
mm that collects blood oozing from the gingival sul-
cus/pocket following routine periodontal pocket probing and
transfers it to the test strip of a glucose self-monitoring de-
vice attached to the handle of the probe. Graphical presenta-
tions of the device are presented in Figure 1 (a—d).

Visual Analog Scale

After blood sugar analysis using both methods, the pa-
tients were asked about their perception of pain during each
method, which was marked as Visual Analog Scale (VAS)
pain 2 using a 10 mm VAS scale within 10 min of the proce-
dure. This scale has a straight line, and the left end of the
scale was marked as “no pain” and the right end as “worst
imaginable pain”.
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Statistical analysis

A subject-level analysis was performed statistically for
variables using SPSS software for Windows, Version 22.0.
(SPSS Inc., Chicago, IL, USA). The mean value and stand-
ard deviation (SD) were calculated for each variable meas-
ured. Karl Pearson’s product-moment correlation was done
to determine associations between the two techniques of de-
termining BG levels. A Scatter plot of the linear relationship
between the two techniques of BG determination was drawn.
Differences in mean values between the pain scores were as-
sessed using the Mann-Whitney U test. All statistical proce-
dures were performed at a significance level of 5% (p <
0.05).

Results

All 180 participants (88 males and 92 females) com-
pleted this study. The mean age of the participants was 41.65
+ 9.68 years. The mean GCBG value was 151.19 + 42.64
mg/dL, while the FPBG value was 150.48 + 42.95 mg/dL

a)
H‘_F_f_rffﬂ_h_ﬂ-f’f"’_y_.?_fr’;ﬁ_:jr'?;;\
(]
v
b)
9
d)

Fig. 1 —a) Graphical representation of the unique patented periodontal
device; b) The proposed glass probe of the patented periodontal device;
c) Attachment of the proposed glass probe to the self-monitoring
glucometer; d) Proposed mode of application of the patented device.
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Table 1

The mean and standard deviation of blood glucose
using GCBG and FPBG methods

GCBG (mg/dL) FPBG (mg/dL)

p-value t-value

151.19 £ 42.64 150.48 £ 42.95

0.437 0.158

GCBG - gingival crevicular blood glucose; FPBG - finger-prick blood glucose.
The results are expressed as mean + standard deviation.

R? Linear = 0.987
250

200

150

GCBG

100

50

T T T
50 100 150 200 250
FPBG

Fig. 2 — Scatter plot of the linear relationship
between gingival crevicular blood glucose
(GCBG) and finger-prick blood glucose (FPBG).

(Table 1). This difference was not statistically significant
(p = 0.437).

In order to understand the correlation between these
two techniques, Karl Pearson’s product-moment correlation
was done, which showed a very high coefficient (r = 0.9932)
between the two methods (p < 0.00001).

Comparison between the difference in the mean VAS
score was tested using the Mann-Whitney U test for VAS in
the gingival crevicular (GC) group (VAS-GC) (4.71) and
VAS in the finger-prick (FP) group (VAS-FP) (8.63); it
showed a statistically significant difference (p < 0.00001).

Figure 2 shows the linear relationship between GCBG
and FPBG. The regression equation for Y was 1.00043X -
0.77668. The box plot representation for the mean of VAS-
GC and VAS-FP is shown in Figure 3.

Discussion

The concept described in this study was tested by a
study that checked the correlation of BG between the con-
ventional FPBG and GCBG methods. The mean GCBG val-
ue was 151.19 + 42.64 mg/dL, while the mean FPBG value
was 150.48 + 42.95 mg/dL. A dental surgeon can actively
screen patients for BG levels during a routine periodontal
examination. Early detection of DM can also reduce the fi-
nancial burden and deterioration of oral and periodontal
health. That is even more relevant in the case of undiagnosed
DM, which can be referred to the physician for appropriate
management of the condition. Poorly controlled DM risks
developing periodontal breakdown and adversely affects

VAS

Groups

Fig. 3 — Box plot for the mean of visual analog scale (VAS)

gingival crevicular (GC) group (VAS-GC) and VAS
finger-prick (FP) group (VAS-FP).
Group 1 - VAS-GC; Group 2 - VAS-FP.

treatment outcomes. Therefore, this study tested the concept
of a novel patented periodontal device that can be attached to
a glucose monitoring device to screen for periodontitis and
DM simultaneously during routine dental examinations. Sev-
eral studies report a strong positive correlation between gin-
gival BG levels and peripheral BG levels 1214 16 17,19, 23
Many authors have used this technique to detect BG levels
and screen for persons with DM in the dental office during
periodontal treatment & 1719 2528 The present study showed
an almost perfect correlation (r = 0.9932) between GCBG and
FPBG methods (p < 0.00001) which was in accordance with
the findings of previous studies that show a good correlation
between crevicular and peripheral BG levels ¥ 17-1%26.2 Con-
trary to these results, a report by Muller and Behbhani % in a
Kuwaiti population did not demonstrate a correlation be-
tween gingival crevice blood (GCB) and capillary finger-
stick BG levels. GCB samples from sites that showed suffi-
cient BOP were useful for screening BG levels %; partici-
pants with sufficient BOP had a higher correlation coeffi-
cient (r = 0.89) and acceptable limits of agreement (-27.1 to
29.7).

Variations in the number of blood samples used in dif-
ferent studies raised questions about the feasibility of the
GCBG method during routine dental examinations *°. Parker
et al. * used 10-15 pL gingival blood samples, a large vol-
ume present only in sites with periodontal inflammation and
not always seen. On the other hand, Beikler et al. % used only
3 L of blood in a self-monitoring device in periodontitis pa-
tients. Muller and Behbhani % reported using only 0.3 pL of
a blood sample, although sufficient bleeding was not seen in
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some cases. This study also reports low agreement and
broader limits of repeatability when GCBG was considered.

The present study is one of those that propose a nonin-
vasive/minimally invasive method to monitor BG levels and,
at the same time, record periodontal pocket depth. Therefore,
this device can simultaneously screen DM while detecting
periodontal disease. Moreover, the safety features of this de-
sign include the rounded tip of the probe so that it does not
cause any injury to the gingival tissue during insertion. It is
also important that the probe attached to the model is dispos-
able in order to maintain infection control protocol.

Although some studies mention a GCBG as a painless
technique 2 %, none of these have measured pain using any
pain scale. We chose to report on patients’ perceptions as
understanding that is known to enhance the effectiveness of
care provided . Periodontitis patients and practitioners
report dental visits suitable for screening BG, and patients
preferred the GCBG method to the FPBG method.

Several reports indicate that gingival crevicular blood is
a feasible and quick method for screening BG levels as it can
be performed as a chairside screening test. However, the ap-
plication of this technique is limited to a routine test because
gingival crevicular blood depends on the presence of in-
flammation and can be available only when there is perio-
dontal inflammation. In fact, the ability of this technique to
screen with high sensitivity needs to be further tested in the
presence of lower periodontal inflammation. As a result,
when periodontal inflammation subsides following periodon-

tal therapy treatment, minimal or no bleeding (less than 4 pL
of blood) can limit the utility of this technique. The possible
contamination or dilution of crevicular blood following peri-
odontal probing by gingival crevice fluid needs to be ex-
plored further. Furthermore, the probability of increased glu-
cose levels in gingival crevice fluid from sites of periodontal
inflammation compared to healthy sites also needs to be con-
sidered *. Our team plans future studies to evaluate the sen-
sitivity, specificity, and predictive values of the GCBG
method to explore its applicability in screening persons with
DM in a larger population sample before and after periodon-
tal therapy.

Conclusion

Within the limitations of the study, a significant differ-
ence was seen in the pain score between the VAS-GC group
and the VAS-FP group. The use of the presented proposed
concept of the unique patented periodontal device appears to
be a feasible option for simultaneously examining the state
of periodontium and screening for DM in dental clinics. Ad-
ditional longitudinal studies should be done in a larger popu-
lation sample to understand the clinical applicability and di-
agnostic accuracy of the presented device.
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Abstract

Background/Aim. Septic shock (SS) is a complication that
can occur as a consequence of an infection. As the effective
circulating blood volume is of great importance in these
cases, keeping constant track of the blood volume parameter
is essential. The aim of this study was to explore the applica-
tion value of bedside ultrasound for assessing volume respon-
siveness (VR) in patients with SS. Methods. A total of 102
patients with SS were selected. The volume load (VL) test was
performed, and based on the results of the test, the patients
were divided into two groups. The first group was the re-
sponse (R) group, which had an increase in stroke volume
(ASV) 2 15% after the VL test, and the second was the non-
response (NR) group, with ASV < 15% after the VL test.
There were 54 patients in the R group and 48 in the NR
group. Hemodynamic parameters were compared before and
after the VL test. The correlation between ASV and each he-
modynamic index was explored by Pearson’s analysis. The re-
ceiver operating characteristic (ROC) curves were plotted for
some of the parameters. Results. Before the VL test, retro-
hepatic (ru) #nferior vena cava (IVC) ®uIVC) distensibility
(AruIVCy) index, trespiratory variation in rplVC (ArpIVC))
index, respiratory variation in aortic (a0) blood flow peak ve-
locity (AVpeakao) index, respiratory variation in brachial ar-
tery @a) blood flow peak velocity (AVpeaksa) index, and res-
piratory variation in common femoral artery (cra) blood flow
peak velocity (AVpeakcra) index were all higher in the R

Apstrakt

Uvod/Cilj. Septicki $ok (SS) je komplikacija koja moze
nastati kao posledica infekcije. S obzirom na to da je

group than those in the NR group (p < 0.05), while heart rate
(HR), mean arterial pressure (MAP), and central venous pres-
sure (CVP) were similar in both groups (p > 0.05). After the
VL test, the R group had significantly decreased values of HR
and the ArulVCi, ArulVC,, AVpeakao, AVpeakps, and
AVpeakcra indices, while the MAP and CVP values (p < 0.05)
were increased. The NR group had a significantly decreased
value of CVP (p < 0.05), while no significant changes were
noticed in the values of other indices. The indices AruIVCy,
ArulVCo, AVpeakao, AVpeakpa, and AVpeakcra significantly
cotrelated with ASV (r = 0.589, » = 0.647, r = 0.697, r =
0.621, = 0.760, respectively; p < 0.05), but there was no cot-
relation between CVP and ASV (r = -0.345; p > 0.05). The
areas under the curve (AUC) of ROC graphics for AralIVCy,
ArulVCy, AVpeakao, AVpeakpa, and AVpeakcra indices, used
for the prediction of VR, were 0.839, 0.858, 0.878, 0.916, and
0.921, respectively, and were significantly larger than the
AUC of ROC graphic for CVP (0.691), indicating higher sen-
sitivity and specificity of the ARuIVCi, ARulVCs, AVpeakao,
AVpeakpa, and AVpeakcra indices compared to CVP. Con-
clusion. Bedside ultrasound monitoring of the ArulVC,
ArulVCs, AVpeakao, AVpeakpa, and AVpeakcra indices can
assess the VR in patients with SS more precisely.

Key words:

blood volume; hemodynamic monitoring; infusions,
intravenous; saline solution; shock, septic;
ultrasonography.

efektivni cirkulatorni volumen krvi od velike vaznosti u
ovim slucajevima, kontinuirano  pradenje parametara
volumena krvi je klju¢no. Cilj ovog rada je bio da se istrazi
znacaj primene ultrazvuka za procenu odgovora na
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nadokandu volumena (volume responsiveness — VR) kod
bolesnika sa SS. Metode. Odabrano je ukupno 102
bolesnika sa SS. Uraden je test volumenskog opterec¢enja
(volume load — VL), 1 na osnovu rezultata testa, bolesnici su
bili podeljeni u dve grupe. Jednu grupu c¢inili su bolesnici
koji su pokazali odgovor (response - R) na VL testu (grupa R);
kod njih je povecanje udarnog volumena (stroke volume-SV)
(ASV) bilo = 15% posle VL testa. Drugu grupu (non-response
— NR) c¢inili su bolesnici kod kojih je ASV bio < 15% posle
VL testa. U grupama je bilo 54 bolesnika (R) i 48 bolesnika
(NR). Ispitivani hemodinamicki parametri uporedivani su
pre i posle VL testa. Korelacija izmedu ASV i svakog
pojedina¢nog hemodinamickog indeksa ispitivana je
Pirsonovom analizom, a za odredene parametre koris¢ene
su ROC krive. Rezultati. Pre VL testa, veée vrednosti u
grupi R u odnosu na grupu NR (p < 0,05) imali su sledeci
indeksi: rastegljivost retro-hepaticne (ru) donje Suplje vene
[inferior vena cava INVC)] (ArulVCi), respiratorna varijacija
rulVC (AruIVCy), respiratorna varijacija najvece brzine
protoka krvi u aorti (AVpeakao), respiratorna varijacija
najvee brzine protoka krvi u brahijalnoj arteriji (a)
(AVpeakpa) i respiratorna varijacija najvece brzine protoka
krvi u zajednickoj femoralnoj atteriji [common femoral artery
(cra)|(AVpeakcra). Frekvencija srca (FS), srednji arterijski
pritisak (SAP) i centralni venski pritisak (CVP) su imali

slicne vrednosti (p > 0,05) u obe grupe. Nakon VL testa,
grupa R imala je znacajno smanjenje vrednosti I'S 1 indeksa
AR“IVC1, AR“IVCZ, AvpeakAO, AVpCakBA i AVpeakcpA, a
povecanje vrednosti SAP i CVP (p < 0,05). Grupa NR imala
je znacajno smanjen CVP (p < 0,05), a nisu primecéene
znacajne promene u vrednostima ostalih indeksa. Indeksi
ARHIVC1, ARHIVCQ, AVpeakAo, AVpeakBA i AVpeak(;m bili
su u znacajnoj korelaciji sa ASV (r = 0,589, r = 0,647, r =
0,697, r = 0,621, r = 0,766, redom; p < 0.05 ), ali nije bilo
korelacije izmedu CVP i ASV (r = -0,345; p > 0,05).
Povrsine ispod ROC ktive [areas under the curve (AUC)] za
indekse ARHIVC1, ARHIVCQ, AVpeakAo, AVpeakBA i
AVpeakcra, koji su koriséeni za predvidanje VR, iznosile su
0,839, 0,858, 0,878, 0,916 i 0,921 redom, i bile su znacajno
vece od AUC za CVP (0,691), sto je ukazivalo da su indeksi
AR“IVC1, AR“IVCZ, AVpeakAo, AVpCakBA i AVpeak(;FA
imali visi nivo osetljivosti i specifi¢nosti u poredenju sa
CVP. Zakljucak. Ultrazvucnim pracenjem indeksa
ARHIVC1, ARHIVCZ, AVpeakAo, AVpeakBA i AVpeakcpA
moze se preciznije proceniti VR kod bolesnika sa SS.

Kljucne redi:

krv, volumen; hemodinamika, monitoring; infuzije,
intravenske; rastvor, fizioloski; Sok, septicki;
ultrasonografija.

Introduction

Septic shock (SS) is primarily caused by hemodynamic
instability due to various pathogen infections, and it is char-
acterized by high cardiac output (CO), low peripheral vascu-
lar resistance, and the resulting sepsis-induced tissue hy-
poperfusion. SS has a high mortality rate and many compli-
cations, which are more common in the Intensive Care Unit
(ICU) -3, At present, fluid resuscitation (FR) is an important
strategy for the clinical treatment of SS, which can supple-
ment the effective circulating blood volume, improve tissue
perfusion, and correct cellular hypoxia, thereby lowering the
mortality rate 5. According to the Frank-Starling Law of the
heart, the cardiac reserve is sufficient among patients in the
ascending branch of the curve, and the increase in cardiac
preload within a certain range can increase CO and fully
achieve FR. However, when the left or right ventricle is at
the plateau of the Frank-Starling curve, excessive FR will
worsen the cardiac volume load (VL) in patients, raise the
risk of pulmonary edema and decreased oxygenation, and
aggravate shock . After early rapid FR, however, it is diffi-
cult to assess the patient’s blood volume status. Excessive
FR will induce complications such as heart failure and pul-
monary edema, while insufficient FR will increase the risk of
organ dysfunction in patients " 8. Therefore, it is essential to
accurately assess the volume responsiveness (VR) in patients
with SS for FR therapy. Bedside ultrasound can dynamically
predict and evaluate the responsiveness of the circulatory
system to the VL in convenient, non-invasive, and real-time
manners. Full attention has been given to it in hemodynamic
assessment in patients with SS. In this study, the hemody-
namic indices of VR in patients with SS were observed by

bedside ultrasound, and the value of ultrasound hemodynam-
ic indices in assessing the VR was explored to provide a the-
oretical basis for fluid therapy in patients with SS.

Methods

A total of 102 patients with SS who received mechani-
cal ventilation (mode: AC/PC; PS: 15 ¢cmH,0O; PEEP: 4
c¢cmH;0; FIO,: 45%) in Jinshan Hospital, China, from April
2018 to February 2021 were selected, including 55 males and
47 females aged 23-75 years. The patients had an average
age of 56.4 + 12.4 years. Inclusion criteria were as follows:
1) patients meeting the diagnostic criteria for SS in the “In-
ternational Guidelines for Management of Sepsis and Septic
Shock: 2016 %; 2) patients with any of the following clinical
manifestations of tissue hypoperfusion — a) systolic blood
pressure (SBP) < 90 mmHg (decline in SBP > 50 mmHg in
hypertensive patients); b) heart rate (HR) >100 bpm; c) urine
volume < 0.5 mL/kg for two consecutive hours; d) piebald
skin; 3) patients with sinus HR.

Exclusion criteria were as follows: 1) patients with in-
tra-abdominal hypertension; 2) patients with congenital heart
disease, severe cardiac insufficiency, severe arrhythmia or
pulmonary arterial hypertension; 3) patients with severe obe-
sity, i.e., body mass index (BMI) > 40 kg/m?; 4) patients
with complications such as cerebrovascular accident, neuro-
genic shock, coronary heart disease or intra-aortic balloon
counterpulsation; 5) pregnant women; 6) those with contra-
indications for fluid infusion (left ventricular ejection frac-
tion — LVEF < 40%, lower limb vein thrombosis, aortic
valve or pulmonary valve disease, mitral valve stenosis or in-
sufficiency > degree 2, or volume overload).
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General clinical data of patients (gender, age, BMI, and
infection site), acute physiology and chronic health evalua-
tion 1l (APACHE 11) score, and sequential organ failure as-
sessment (SOFA) score were recorded within 24 hrs after en-
tering the ICU.

The patients were given effective analgesia and seda-
tion in a supine position, and 200 mL of normal saline was
quickly infused via the central vein within ten minutes.
Blood volume supplementation was terminated when the pa-
tient’s central venous pressure (CVP) reached the value of
more than 5.0 cm H,0 (1 cm H,O = 0.098 kPa), and the in-
crease in stroke volume (ASV) was less than 10% of the ba-
sal level, or when obvious pulmonary edema occurred. Be-
fore and after the VL test, hemodynamic monitoring was per-
formed. Transthoracic echocardiography was conducted us-
ing a Zonare color Doppler ultrasound diagnostic apparatus
(P4-1C probe, frequency: 3.5 MHz). Left ventricular outflow
tract dimension was measured in the left ventricle long-axis
view, and one complete respiration cycle was monitored in
the apical five-chamber view in order to obtain the left ven-
tricular outflow tract velocity-time integral (VTI) and the
maximum (Vpeakmax) and minimum value (Vpeakmin) of the
aortic (a0) blood flow peak velocity with respiratory motion.
The retro-hepatic (rn) inferior vena cava (IVC) (rulVC) was
explored by the probe longitudinally below the right rib; the
minimum end-inspiratory dimension (Dmin) and the maxi-
mum end-expiratory dimension (Dma) of IVC were moni-
tored in the subxiphoid IVC long-axis view during one com-
plete respiration cycle. Then the brachial artery (sa) blood
flow velocity was measured at the cubital fossa using the
L10-5 probe (frequency 8 MHz), and the Vpeakm.x and
Vpeakmin Of the (sa) blood flow peak velocity with respirato-
ry motion were monitored during one complete respiration
cycle. The same parameters were measured for the common
femoral artery (cra).

The above indices were measured three times, and the
average value was taken. Moreover, CO, ASV, distensibility
of rulVC (A rulVCy) index, respiratory variation in gulVC
(ArulVCy) index, respiratory variation in (a0) blood flow
peak velocity (AVpeakao) index, respiratory variation in (ga)
blood flow peak velocity (AVpeakga) index, and respiratory
variation in (cra) blood flow peak velocity (AVpeakcea) in-
dex were calculated using the following formulas:

SV =(D/2)?x nx VTI

ASV = (SVioad value=S Viesal value)! SVbesal value

ArnlVCy = (Dimax—Dhmin)/Dmin X 100%

AriIVC; = 2 X (Dimax—Drmin)! (Dimax*Dimin) X 100%

AVpeakao = 2 X (Vpeakmax— VpeaKmin)/ (Vpeakmax + Vpeakmin) X 100%
AVpeakga = 2 X (VpeaKmax— Vpeakmin)/ (Vpeakmax + Vpeakmin) X 100%
AVpeakcra = 2 X (VpeaKmax— Vpeakmin)/ (VpeaKmax + Vpeakmin) X 100%

where the Vpeakmax is the maximum value of blood flow
peak velocity during one respiration cycle for each of the
mentioned blood vessels, and VpeaKmin is the minimum value
of blood flow peak velocity during one respiration cycle for
each of the mentioned blood vessels.
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Based on ASV after fluid infusion, the patients were di-
vided into the positive volume response (R) group
(ASV>15%) and the non-response (NR) group
(ASV < 15%)).

SPSS 22.0 software was used for statistical analysis.
Normally distributed measurement data were expressed as
mean + standard deviation and compared between two
groups by independent-samples t-test. Numerical data were
expressed as a percent and compared between two groups by
y? test. The correlation between ASV and each hemodynamic
index was explored by Pearson’s analysis. The receiver op-
erating characteristic (ROC) curve was plotted; the value of
the hemodynamic index for assessing the VR in patients with
SS was analyzed. The value of p < 0.05 was considered sta-
tistically significant.

Results

Among the 102 patients with SS, there were 40 cases of
pulmonary infection, 10 cases of intracranial infection, 18
cases of abdominal infection, 16 cases of urinary system
infection, 14 cases of blood-borne infection, and four cases
of other types of infection. Fifty-four (52.9%) patients had a
positive volume response. At the baseline, the patient’s
gender, age, BMI, tidal volume, respiratory rate, LVEF,
SBP, lactic acid level, APACHE Il score, SOFA score, shock
index, and infection site had no significant differences
between positive volume response (R) patients, and negative
volume response (NR) patients (p > 0.05), indicating that the
baseline data were comparable (Table 1).

There were no significant differences in HR, CO, mean
arterial pressure (MAP), and CVP between the two groups
before the VL test (p > 0.05). After the VL test, HR declined,
while CO, MAP, and CVP rose in R patients (p < 0.05).
After the VL test, CO and CVP rose in NR patients (p <
0.05), while HR and MAP had no significant changes. After
the VL test, the R group had lower HR and higher CO and
MAP than the NR group (p < 0.05) (Table 2).

Before the VL test, the A RH|VC1, A RHlVCz, AVpeakAo,
AVpeakga, and AVpeakcra indices were all higher in the R
group compared to the NR group (p < 0.05). After the VL
test, the ARHIVC1, A RHlVCz, AVpeakAo, AVpeakBA, and
AVpeakcea indices declined to different levels in the two
groups. There were significant differences in the values of
the parameters before and after the VL test in R patients (p <
0.05), while there were no significant changes before and af-
ter the VL test in NR patients (p > 0.05) (Table 3).

CO and the A RHIVC1, A RH|VC2, AVpeakAo, AVpeakBA,
and AVpeakcea indices were significantly correlated with
ASV before the VL test (r =-0.672, r = 0.589, r = 0.647, r =
0.697, r = 0.621, r = 0.766, respectively; p < 0.05), but there
was no correlation between CVP and ASV (r = -0.345; p >
0.05). The results showed that ultrasonically measured he-
modynamic indices before the VL test could be used to as-
sess VR in patients with SS (Table 4).

The area under the curve (AUC) of ROC graphics for
CO and the ARHIVC1, ARH|VC2, AVpeakAo, AVpeakBA, and
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Table 1
Baseline clinical data of patients
Response group Non-response group

Parameter (n = 54) (n = 48) t/y? p-value
Age (years) 54.9+10.3 57.8+119 0.724 0.468
BMI (kg/m?) 23.3+3.7 23.7+3.6 0.468 0.635
TV (mL) 556.9 + 87.9 528.9+72.8 1.162 0.258
RR (time/min) 19.1+£34 18.9+3.2 0.697 0.502
LVEF (%) 58.7 £10.3 59.2+11.0 0.236 0.805
SBP (mmHg) 1153 +21.1 113.0+22.3 0.413 0.681
Lactic acid (mmol/L) 25+0.6 2.7+0.6 1.470 0.146
APACHE Il score 276+9.4 26.3+10.2 0.320 0.742
SOFA score 104 +3.1 10011 0.285 0.821
Shock index 14+04 1.3+05 1.086 0.267
Infection site

pulmonary infection 21 (38.9) 19 (39.6) 0.299 0.765

intracranial infection 4(7.4) 6 (12.5) 2.668 0.258

abdominal infection 10 (18.5) 8 (16.7) 1.963 0.167

urinary system infection 9 (16.7) 7 (14.6) 0.049 0.976

blood-borne infection 7 (12.9) 7(14.7) 0.946 0.514

other 3(5.6) 1(2.1) 0.422 0.685

BMI — body mass index; TV — tidal volume; RR — respiratory rate; LVEF — left ventricular ejection fraction;
SBP - systolic blood pressure; APACHE 11 — acute physiology and chronic health evaluation I1; SOFA — score
and sequential organ failure assessment.
Results are shown as mean * standard deviation except infection sites which are shown as numbers

(percentages).
Table 2
General hemodynamic indices before and after the volume load test
Parameter Before After t p-value
Response group (n = 54)
HR (beats/min) 118.7+£9.2 113.0+£8.9 4.534 0.001
MAP (mmHg) 67.2+78 730+7.2 -3.845  0.003
CVP (cmH20) 6914 93%15 -7.034 <0.001
CO (L/min) 6.2+0.7 83+10 12.465 <0.001
Non-response group (n = 48)
HR (beats/min) 118.7+£9.2 117.0 £8.5* -1.021 0.284
MAP (mmHg) 704 7.4 71.1+7.8* -1.883 0.125
CVP (cm H20) 71414 9.2+18 -5.969 0.001
CO (L/min) 6.2+0.6 6.2 £0.7* 0.219 0.827

HR — heart rate; MAP — mean arterial pressure; CVP — central venous pressure; CO — cardiac output.
Bolded values are statistically significant; "p < 0.05 vs. response group.
Results are shown as mean + standard deviation.

Table 3
Ultrasound hemodynamic indices before and after the volume load (VL) test
Parameter ArHlIVC1 ArHIVC2 AVpeakao AVpeaksa AVpeakcra
Response group (n = 54)
before the VL test 19.1+34 174+34 149+14 162+14 170+24
after the VL test 16.0+4.0 150+3.1 121+1.2 132+13 16.1+2.2
t 5.109 7.568 10.645 8.174 4.730
p-value <0.001 <0.001 <0.001 <0.001 <0.001
Non-response group (n = 48)
before the VL test 14.4 £ 2.6* 13.6£2.2* 126 £1.5* 13.4+£19* 119+ 2.6*
after the VL test 14226 132138 12513 132+19 11.8+28
t 0.998 1.789 1.146 1.523 1.702
p-value 0.328 0.089 0.253 0.145 0.106

ArHIVC1 — index of distensibility of retro-hepatic (r+) inferior vena cava (IVC)(rulVC); ArnIVC:2 — index of
respiratory variation in rulVC; AVpeakao — index of respiratory variation in aortic (ao) blood flow peak
velocity; AVpeaksa— index of respiratory variation in brachial artery (sa) blood flow peak velocity; AVpeakcra
— index of respiratory variation in common femoral artery blood flow peak velocity. Results are shown as
mean + standard deviation. Bolded values are statistically significant; “p < 0.05 vs. response group.
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Table 4
Correlation between the increase in stroke volume and each
hemodynamic index before the volume load test
ASV CVP ArnlVCy ArnlVC: AVpeakao  AVpeaksa  AVpeakcra
r -0.345 0.589 0.647 0.697 0.621 0.766
p-value 0.135 <0.001 < 0.001 <0.001 <0.001 <0.001
ASV — increase in stroke volume; CVP — central venous pressure. For the abbreviations of other
indices see Table 3. Bolded values are statistically significant.
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Fig. 1 — Receiver operating characteristic curves of hemodynamic indices
for assessing VR in patients with septic shock. CO - cardiac output.
For the abbreviations see Table 3.
Table 5
Receiver operating characteristic curve analysis results of each hemodynamic index for
assessing volume responsiveness before the volume load test
Index CVP ArnlVCy ARrnlIVC: AVpeakao AVpeaksa AVpeakcra
AUC 0.691 0.839 0.858 0.878 0.916 0.921
95% ClI 0.431~0.792  0.705~0.973  0.796~0.923 0.820~0.952 0.785~0.997 0.866~0.978
p-value 0.229 0.001 <0.001 <0.001 <0.001 <0.001
Optimal cutoff value (%) 6.2 175 16.5 135 14.7 155
Sensitivity (%) 55.2 65.4 65.4 84.4 704 75.2
Specificity (%) 74.8 84.9 84.9 72.7 81.8 85.3
Positive predictive value (%) 76.8 77.8 77.8 93.2 88.8 93.3
Negative predictive value (%) 71.7 72.7 72.7 79.2 68.9 76.0
AUC - area under the curve; CI — confidence interval. Bolded values are statistically significant.
For the abbreviations see Table 3.
AVpeakcra indices before the VL test, intended for prediction Discussion
of the VR, all exceeded the value of 0.8, which was signifi-
cantly higher than the AUC of ROC graphic for CVP, indi- At present, FR is one of the most effective methods for
cating higher sensitivity and specificity of the mentioned in-  managing shock in the clinic, but it is also necessary to de-
dices (Figure 1; Table 5). termine the VR in patients. There is a study showing that on-
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ly 50% of patients with hemodynamic instability had VR.
Among them, VR was found in only 43.5% of septic pa-
tients. Therefore, assessing the volume status and respon-
siveness of patients with SS is the key to determining wheth-
er further FR can be performed °. Bedside, ultrasound can re-
flect the volume status of patients with SS, which has recent-
ly been paid extensive attention to in the field of critical care
medicine in China and foreign countries *°. Currently, VR is
predicted mainly through the assessment of SV by the VL
test and mini rehydration test combined with ultrasound.
These methods are not affected by the patient’s ventilation
mode and cardiac rhythm, with high sensitivity and specifici-
ty, which can assess the VR well.

The blood volume status of patients was mainly
determined by HR, blood pressure, and urine volume
previously, but the effect was unsatisfactory. CVP is close to
the right atrial pressure and can be monitored easily in a
highly operable manner, which can be used to determine the
VR indirectly. However, CVP may be affected by the
positive  end-expiratory  pressure during mechanical
ventilation, leading to distorted results, so there are certain
limitations ' 2 In this study, CVP had a significant
difference before and after the VL test in R and NR patients,
indicating that CVP has a certain value in assessing the VR
in patients with SS.

It has been found that there is a high consistency be-
tween continuous monitoring of CO and measurement of SV
by transthoracic echocardiography in predicting fluid respon-
siveness 2. The IVC is a capacity vessel characterized by a
large inner diameter and good compliance, and its lumen di-
ameter changes with respiration. The blood volume in pa-
tients with SS declines considerably, which leads to a de-
crease in IVC lumen diameter and an increase in variation
during respiration. The thoracic pressure of critically ill pa-
tients who cannot breathe spontaneously and receive me-
chanical ventilation increases during inhalation, and the IVC
blood backflow to the right atrium decreases, expanding the
IVC inner diameter; in contrast, the IVC inner diameter de-
creases during exhalation *. Therefore, VR in patients is of-
ten assessed by ultrasonic measurement of AgrulVC; and
ArnIVC; in clinical conditions. It has been confirmed that the
respiratory variation in I\VC diameter is an accurate predictor
for the VR under the ventilation mode of tidal volume > 8
mL/kg and positive end-expiratory pressure < 5 cm H,O (1
cm H,O =0.098 kPa), with sensitivity and specificity of 80%
and 94%, respectively 5. In this study, the results revealed
that both A grulVC; and A rulVC; in R patients were signifi-
cantly higher than those in NR patients before the VL test.
After the VL test, A rulVCy and A rulVC; significantly de-
clined in the R group, while they had no significant changes
in the NR group. A rulVCy and A rulVVC, were significantly
correlated with ASV before the VL test. The results of ROC
curve analysis showed that A rulVCyand A rulVC; had high-

er sensitivity and specificity in predicting the VR in patients,
which is consistent with the findings of Huan et al. . To
sum up, ArulVVCiand A grulVVC; can be used to guide the FR
therapy in the clinical treatment. AVpeakao can reflect the
degree of dependence of the patient’s circulatory system on
cardiac preload, which has the closest correlation with left
ventricular SV, but its transesophageal monitoring has a cer-
tain technical difficulty . The ultrasonic image of the ga
with a large inner diameter and superficial location is clear,
and its monitoring is highly reliable, so the sensitivity and
specificity of AVpeakga in predicting VR are higher than
90% 8. AVpeakcra is prone to disturbance by intra-
abdominal arterial pressure, but its accuracy in predicting the
VR of mechanically ventilated patients is higher if its value
changes > 12% during deep inspiration . In this study, the
results showed that AVpeakao, AVpeakga, and AVpeakcra in
the R group were significantly higher than those in the NR
group before the VL test. After the VL test, AVpeakno,
AVpeakga, and AVpeakcra declined in the R group, while
they had no significant changes in the NR group. According
to correlation analysis, AVpeakao, AVpeakss, and
AVpeakcra were significantly correlated with ASV before
the VL test, suggesting that cardiac indices and peripheral ar-
tery indices can better predict the VR in patients and provide
references for clinical volume therapy. Besides, the results of
ROC curve analysis showed that both sensitivity and speci-
ficity of AVpeakao, AVpeaksa, and AVpeakcra Were higher
in predicting the VR under a cutoff value of 13.5, 14.7, and
15.5, respectively, which is consistent with the research re-
sults of Seif et al. %,

Conclusion

In conclusion, bedside ultrasound monitoring of
ARH|VC1, A RH|VC2, AVpeakAo, AVpeakBA, and AVpeakcpA
can better assess the VR in patients with SS and provide a
basis for clinical FR therapy. Regardless, this study is limited
since it is a single-center study with a small sample size, so
the results may be biased. Further multicenter studies with
larger sample sizes are ongoing in our group.
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Severe hemophagocytic syndrome after intravesical BCG instillation

with a fatal outcome

Tezak hemofagocitni sindrom nakon intravezikalne instilacije BCG sa fatalnim

ishodom

Stevan Stojanovi¢*', Sasa Vojinov*', Zarko Dimitri¢*, Ivan Levakov*T,
Dimitrije Jeremi¢*', Tanja Laki¢'™
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Abstract

Introduction. Hemophagocytic syndrome (HS) after Bacil-
lns Calmette-Guérin (BCG) immunotherapy is extremely rare
in everyday practice. Only three cases of HS have been re-
ported in the world until now. BCG is used for preventing
the recurrence of superficial tumors of the urinary bladder.
Severe complications after BCG immunotherapy are rarely
seen. Case report. A 55-year-old patient was transferred to
the Clinic for Urology after the second round of BCG im-
munotherapy, in bad condition, after transurethral resection
of a bladder tumor. Computed tomography of the abdomen
and lesser pelvis was performed, which did not indicate any
clear signs of organ failure or disease. Antitubercular, anti-
biotic, corticosteroid, and symptomatic therapies were ap-
plied. The achieved effect of therapy was not satisfactory.
HS after BCG immunotherapy was suspected. During fur-
ther hospitalization, the patient’s already severe condition
further deteriorated and became more complicated in the
form of multiorgan dysfunction syndrome. Death occurred
on the sixth day of hospitalization. A urine culture test was
performed post-mortem and three months later, it was positive
for Mycobacterium xenopi. Conclusion. Secondary HS after
BCG immunotherapy is an extremely rare disease accompa-
nied by a severe general condition of the patient, with many
life-threatening complications that can lead to death. We
have presented a case of severe HS after BCG immunother-
apy that caused the death of the patient. This case was
unique because, for the first time, the possible causative
agent was isolated — Mycobacteria.

Key words:

bcg vaccine; lymphohistiocytosis, hemophagocytic;
multiple organ failure; mycobacterium xenopij
urologic surgical procedures.

Apstrakt

Uvod. Hemofagocitni sindrom (HS) nakon Bacillus Calmette-
Guérin (BCG) imunoterapije se u svakodnevnoj praksi srece
izuzetno retko. Do sada su opisana samo tri slucaja HS u
svetu. BCG imunoterapija se koristi u prevenciji recidiva
povrdinskih tumora mokraéne besike. Teske komplikacije
nakon BCG imunoterapije su izuzetno retke. Prikaz
bolesnika. Bolesnik star 55 godina premesten je na Kliniku
za urologiju u losem stanju nakon druge doze BCG
imunoterapije, nakon transuretralne resekcije tumora
mokraéne  besike.  Nacinjena je  kompjuterizovana
tomografija abdomena i male karlice, koja nije ukazivala na
jasne znake oboljenja ili zatajenja organa. Primenjena je
antituberkulozna, antibiotska, kortikosteroidna i
simptomatska terapija kojom nije postignut zadovoljavajuci
efekat. Postavljena je sumnja na postojanje HS uzrokovanog
primenom BCG imunoterapije. U daljoj hospitalizaciji doslo
je do produbljivanja bolesti i razvoja komplikacija u vidu
multiorganskog ~ disfunkcionalnog sindroma. Smrt je
nastupila Sestog dana hospitalizacije. Posle smrti bolesnika,
uradena je urinokultura koja je tri meseca nakon zasejavanja
bila pozitivna na  Mycobacterium  xenopi. Zakljucak.
Sekundarni HS nakon BCG imunoterapije je izuzetno retko
oboljenje, praceno teskim opstim stanjem bolesnika, uz
mnostvo prete¢ih komplikacija koje mogu dovesti do
smrtnog ishoda. Prikazali smo bolesnika kod koga se HS
nakon BCG imunoterapije zavrsio smrtnim ishodom. Ovo
je jedinstven slucaj, jer je prvi put izolovan moguéi uzrocnik
— mikobakterija.

Kljucne redi:

bacillus calmette-guerin; limfohistiocitoza,
hemofagocitna; insuficijencija viSe organa;
mycobacterium xenopi; hirurgija, uroloska, procedure.
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Introduction

Hemophagocytic syndrome (HS) is an extremely se-
vere, life-threatening condition. HS is the result of an exces-
sive immune response of the organism, and it can be primary
and secondary. In 1976, Morales et al. * devised a treatment
protocol that is still used successfully today. Until now, no
severe or fatal outcomes have been reported after BCG im-
munotherapy instillation. The clinical symptoms of HS are
not easily recognizable because they are usually accompa-
nied by general symptoms in the form of fever. Unfortunate-
ly, this disease is recognized at an advanced stage after a se-
ries of extensive clinical and laboratory examinations. There
is no specific therapy. Only three cases of HS have been re-
ported after Bacillus Calmette-Guérin (BCG) immunothera-
py so far. The aim of this paper was to present a case of sec-
ondary HS after BCG immunotherapy, which ended in death
due to complications. For the first time, a possible causative
agent was isolated. The question is whether there is any pos-
sibility that Mycobacteria can cause this type of immune re-
sponse. There is a hope that further research will determine
the exact cause of HS, as well as specific therapy.

We present a patient with HS caused after immunother-
apy with BCG performed after surgical treatment, tran-
surethral resection of bladder tumor (TURBT), for superfi-
cial bladder tumor.

Case report

A 55-year-old patient was transferred to our Clinic in
bad condition characterized by fever symptoms, initial signs
of liver and kidney failure, and abdominal pain under the
right rib cage. From the anamnestic data, the patient did not
take any drugs and did not suffer from other chronic diseas-
es. The patient was hospitalized in the General Hospital a
week after the second round of instillation of BCG immuno-
therapy into the urinary bladder. A cystoscopy and surgical
treatment were performed before the transfer to our Institu-
tion. Cystoscopy revealed two tumors about 2 x 1 cm large
on the right bladder wall. That was the first presentation of
the tumor. TURBT surgery was performed. The pathohisto-
logical examination indicated papillary transitional cell car-
cinoma (TCC), pT1-high grade. The Morales treatment was
applied 30 days after the TURBT surgery. After the first
dose of BCG immunotherapy, the patient did not feel any
signs of local or general side effects. However, after the sec-
ond dose, the patient started shivering with fever and dis-
playing general weakness and fatigue. The patient was pre-
scribed the antituberculosis drug rifampicin and dual antibi-
otic therapy with amikacin and ceftriaxone. The treatment
worsened the patient’s condition, causing abdominal pain
and pain under the right rib cage, after which the patient was
transferred to our Clinic.

The latest laboratory results before being transferred to
our Clinic were as follows: total bilirubin 103.9 umol/L [ref-
erence range (RR) 3.0-21.0 umol/L], direct bilirubin 81.4
umol/L (RR 0.1-4.2 pmol/L), amylases 36 U/L (RR 20-102
U/L), alkaline phosphatase (ALP) 557 U/L (RR 43-115
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U/L), alanine aminotransferase (ALT) 515 U/L (RR 5-63
U/L), aspartate aminotransferase (AST) 747 U/L (RR 5-37
U/L), gamma-glutamyl transferase (GGT) 1.181 U/L (RR 3-
55 U/L), C-reactive protein (CRP) 111.1 mg/L [normal val-
ues (NV) < 5.0 mg/L].

New laboratory analysis indicated leukopenia 3.2 x
10%L (RR of white blood cells is 4.0-10.0 x10%L) and he-
mostasis disorder. Activated partial thromboplastin time
(@PTT) was 2.45 ratio (R) (NV < 1.30 R), prothrombin time
(PT) was 1.37 R (NV < 1.30 R), fibrinogen was 0.89 g/L
(RR 2.20-4.96 g/L), a slight rise in nitrogens — urea 10.7
mmol/L (RR 2.2-7.1 mmol/L), creatinine 126 mmol/L (RR
49-115 mmol/L), potassium 4.4 mmol/L (RR 3.5-5.1
mmol/L), and a slight decrease in ALT, AST, ALP, GGT,
and CRP values were found. Values of the other tested la-
boratory parameters were as follows: procalcitonin (PCT)
1.15 ng/mL (NV < 0.05 ng/mL), beta 2 microglobulin >
15.99 mg/L (RR 0.97-2.64 mg/L), total cholesterol 2.74
mmol/L (NV < 5.21 mmol/L), triglycerides 2.38 mmol/L
(NV < 1.71 mmol/L), D-dimer > 10,000 ng/mL (NV < 500
ng/mL), ferritin 3,224 ug/L (RR 15-30 ug/L), albumins 27
g/L (RR 35-55 g/L), lactate dehydrogenase 591 U/L (RR
120-246 U/L), cholinesterase 3,640 U/L (RR 4,389-10,928
U/L). Reverse transcription polymerase chain reaction (RT-
PCR) for cytomegalovirus, hepatitis C virus (HCV), hepatitis
B virus, human immunodeficiency virus as well as latex-RF
test, Waller-Rose test, hemoculture and urine culture were
negative. Antistreptolysin O test was < 200 u/mL (NV up to
200 u/mL). A computed tomography (CT) scan of the abdo-
men and lesser pelvis showed liver enlargement with signs of
periportal edema and an edematous gallbladder wall without
intraluminal contents. CT scan also showed an enlarged
spleen with slight perisplenic effusion and slight effusion in
the lesser pelvis. Antibiotic ceftriaxone and amikacin and an-
tituberculotic drug rifampicin treatments were stopped. Tri-
ple antibiotic treatment was prescribed: linezolid 600 mg/12
hrs, meropenem 1g/8 hrs, and metronidazole 500 mg/8 hrs.

Due to the deterioration of the patient’s condition on the
second day of hospitalization, he was transferred to the in-
tensive care unit. HS caused by BCG immunotherapy was
suspected. The treatment was changed, by adding the follow-
ing: immunoglobulin, in doses of 10 g per 8 hrs;
methylprednisolone sodium succinate, in doses of 40 mg per
8 hrs, according to the following schedule: 80 mg + 40 mg +
40 mg; one dose of cryoprecipitate, a second-generation
fluoroquinolone 100 mg/8 hrs, was included as an additional
antibiotic; metronidazole treatment was stopped, and hemo-
dialysis was conducted. On the third day of hospitalization,
the patient’s breathing deteriorated, and hemoptysis oc-
curred; thus, the patient received mechanical ventilation. La-
boratory values were in decline: aPTT 9.36 R, PT 2.37 R,
urea 23.2 mmol/L, creatinine 282 mmol/L, direct bilirubin
107 pmol/L, total bilirubin 148.6 pumol/L, ALP 542 UIL,
AST 641 U/L, GGT 1.247 U/L, ALT 222 U/L, potassium 5.5
mmol/L, PCT 21.32 ng/mL. The peripheral blood film indi-
cated anisopoikilocytosis. Results of chemiluminescent im-
munoassay (CLIA) and fluorescence immunoassay (ELFA)
VIDAS anti-HCV assays were as follows: CLIA, anti-HCV
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Fig. 1 — Granulomatous hepatitis:

A) hematoxylin-eosin (HE), x100; B) HE, x200.

— reactive 8.4 (normal < 1, reactive/positive > 1) and ELFA
VIDAS, anti-HCV - reactive 17.51 (normal < 1, reac-
tive/positive > 1). Antinuclear antibodies (ANA), antimito-
chondrial antibodies, antiparietal cell antibodies, anti-smooth
muscle antibodies, and ANA HeP-2 cells screening were
negative. A repeated CT scan of the thorax and abdomen
showed consolidation of both sides of the lung parenchyma
(of inflammatory etiology) and bronchiectasis in the inferior
lobes on both sides with minor pleural effusion, hepatosple-
nomegaly, ascites, and portal hypertension. A bronchoscopy
was done on the fourth day.

Due to a severely bad general condition, sepsis, suspi-
cions of secondary HS caused by BCG immunotherapy, and
the consequential multiple organ dysfunction syndrome
(MODS), death occurred on the sixth day of hospitalization.

The patient’s body was sent for autopsy. The autopsy
confirmed a severe case of HS with signs of hepatorenal syn-
drome, pulmonary edema, ascites, endogenous intoxication,
and consequential MODS, while histopathological analysis
proved the existence of granulomatous hepatitis with granulo-
mas composed of lymphocytes and individual Langhans mul-
tinucleated giant cells, with smaller focused areas of necrosis
(Figure 1). Liver weight was 3,400 g. The Ziehl-Neelsen stain
was used for liver tissue, and granulomatous structures were
negative for the presence of acid-alcohol-resistant bacillus.
The urinary bladder was without signs of residual tumor tissue
and no granulomas, but granulation tissue had been found as
the result of previous transurethral resection. Spleen weight
was 1,300 g with a very soft cut surface, and pathohistological
findings showed slight atrophy of white pulp and histiocytic
infiltration of the spleen parenchyma with some erythrophago-
cytosis and no granulomas.

Tests of blood and urine culture for Mycobacterium that
were done post-mortem were negative. After three months of
cultivation, urine culture microscopically proved positive for
Mycobacterium xenopi (M. xenopi).

Discussion

BCG immunotherapy for preventing the recurrence of
superficial tumors of the urinary bladder is considered a safe
treatment 2. It was first described by Morales et al. ! and has

since been in use in urologic oncology. The most common
adverse effects are mild and light, while more severe ones
are rarely encountered (< 5%). Severe adverse effects are of-
ten localized inflammatory processes combined with an im-
munological response and happen within the first three
months of intravesical BCG instillation 2.

HS is a collection of disorders that includes sepsis and
conditions similar to sepsis, cytopenia, hepatosplenomegaly,
coagulation disorders, disorders of the immune system, etc.
There are two types of HS: hereditary (autosomal recessive,
most common in children) and acquired (as a secondary out-
come of other diseases in adults). HS was recorded with in-
fectious viral diseases ?, associated with several cases of tu-
berculosis 4, and after BCG immunotherapy in three recorded
cases worldwide. The commonality between all previously
recorded HS cases after BCG immunotherapy is a good out-
come %7. The patient was transferred to our Institute with a
progression of the primary disease and abdominal pain under
the right rib cage, mild leukocytopenia, insignificant hemo-
globinemia with a preserved hemostatic mechanism, uremia,
azotemia, and high CRP. Additional differential diagnostics
indicated a possible complicated form of cholecystitis, but
laboratory and radiological parameters indicated an immuno-
logical disorder. Based on the CT scan (a consolidation of
both lungs of inflammatory etiology and bronchiectasis with
effusion, portal hypertension, ascites, hepatosplenomegaly),
negative RT-PCR tests, anisopoikilocytosis, sepsis, hyperfer-
ritinemia, hyperlipidemia, a hemostatic disorder, and hemop-
tysis, the diagnosis was secondary HS caused by BCG im-
munotherapy & °. According to Morales et al. *, hyperfer-
ritinemia with values almost 11 times higher than normal is
not a specific HS marker, while a result of over 10,000 mg/L
can be considered a pathognomonic sign. Significantly high-
er values of D-dimer, hypertriglyceridemia, pancytopenia,
and hypofibrinogenemia are considered clear signs of
HS 1014 pathophysiological HS is completely unstudied. It is
believed that uncontrolled activation of T-lymphocytes starts
an immune response by activating macrophages via Th; cy-
tokines 8. According to De Kerguenec et al. %5, this process
occurs in 34% of patients who receive BCG treatment, lead-
ing to liver damage and elevated rates of liver enzymes. In
Thevenot et al. 7, the cause of HS and proven granulomatous
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hepatitis is a hypersensitive reaction and not BCG-caused HS
(Mycobacterium was not isolated), as well as a positive re-
sponse to corticosteroid and antibiotic treatment. In our case,
the initially prescribed anti-tuberculosis (and later stopped),
antibiotic, symptomatic, and anti-inflammatory treatment did
not have a positive effect. Replacement therapy with plasma
and immunoglobulin had a short-term positive effect. M. xe-
nopi was isolated for the first time in our case after three
months of cultivation. A case of isolating any strain of My-
cobacterium has not been recorded until now 5" 14 1617 \\e
have confirmed by autopsy that the issue was a systemic in-
flammatory response, HS, and MODS as a consequence.

Conclusion

HS is an immunologic-hematologic disorder that can
occur as a secondary effect after BCG immunotherapy and is
hard to diagnose. The fact that it has only been recorded a
few times as a consequence of BCG immunotherapy makes
it more difficult to recognize. Contributing factors are bacte-
rial infections which can lead to death.

M. xenopi can be considered one of the potential fac-
tors which contribute to the BCG immunotherapy-caused

HS mortality rate. The therapy has not been researched
enough, but we can conclude that antibiotic therapy has no
beneficial effect. Replacement therapy (immunoglobulin,
cryoprecipitates, symptomatic) had a short-term but posi-
tive effect. Antituberculosis therapy should be the first
choice, considering we are dealing with a Mycobacterium
strain, as well as systemic therapy with maximal doses of
corticosteroids to reduce the systematic inflammatory re-
sponse.

We stress that it is necessary to recognize the symptoms
in time and follow the precise instructions for treating recur-
ring tumors of the urinary bladder, which decreases the pos-
sibility of a fatal outcome.
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Right heart thrombus in a patient with acute pulmonary embolism — a
practice in hide-and-seek with guidelines

Tromb u desnom srcu kod bolesnika sa akutnom embolijom pluc¢a — ,,igra Zmurke” sa

smernicama
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Abstract

Introduction. Right heart thrombus (RHT) is a relatively
rare phenomenon found in 4% of patients with acute
pulmonary embolism (PE), and some reports show that
the presence of RHT is associated with poor outcomes.
The optimal treatment of patients with PE and RHT is
still controversial, with no clear consensus. Case report.
A 38-year-old woman with repeated chest pain and wors-
ening dyspnea was admitted to the hospital. The echocar-
diographical exam showed a large thrombus floating in the
right atrium, protruding through the tricuspid valve into
the right ventricle. Massive bilateral pulmonary embolism
was confirmed by computed tomography pulmonary angi-
ogram. Bearing these findings in mind and due to the clin-
ical and hemodynamic instability of the patient, thrombo-
Iytic therapy was immediately initiated (alteplase), which
resulted in excellent clinical outcomes with no adverse
events at follow-up. Conclusion. Treating patients with
PE and RHT is very difficult. While waiting for the results
of some future randomized clinical trials on this topic, the
treatment of these patients should be based on current
guidelines while also considering the patient’s hemody-
namic stability.

Key words:

computed tomography angiography; diagnosis;
echocardiography; heart ventricles; multidetector
computed tomography; pulmonary embolism;
thrombolytic therapy; treatment outcome.

Apstrakt

Uvod. Tromb u desnom srcu (IDS) je relativno redak
fenomen koji se javlja kod 4% bolesnika sa akutnom
pluénom embolijom (PE), a pojedine studije ukazuju da je
prisustvo TDS povezano sa losijom prognozom. Optimalna
strategija lecenja bolesnika sa PE i TDS je jo$ uvek bez
jasnog konsenzusa. Prikaz bolesnika. Zena stara 38 godina
primljena je u bolnicu zbog bolova u grudima koji su se
ponavljali i progresivne dispneje. Ehokardiografskim
pregledom uocena je velika fluktuirajuéa trombna masa u
desnoj pretkomori koja je kroz trikuspidnu valvulu
prominirala u desnu komoru. Masivna bilateralna embolija
pluéa je potvrdena angiografiom pluéa primenom
kompjuterizovane tomogtafije. Imajuéi u vidu ove nalaze, a
usled klinicke i hemodinamic¢ke nestabilnosti bolesnice,
odmah je primenjena tromboliticka terapija (alteplaza), koja
je dovela do odlicnog klinickog odgovora bolesnice, bez
nezeljenih dogadaja tokom daljeg pracenja. Zakljucak.
Lecenje bolesnika sa PE i TDS predstavlja veliki izazov.
Dok se cekaju rezultati buducih randomizovanih klini¢kih
studija po ovom pitanju, le¢enje bi trebalo zasnovati na
trenutno vazedim preporukama, uzimajuéi u obzir
hemodinamicku stabilnost bolesnika.

Kljucne reci:

angiografija, tomografska, kompjuterizovana,
dijagnoza; ehokardiografija; srce, komore; tomografija,
kompjuterizovana, multidetektor; pluc¢a, embolija;
tromboliza, terapijska; lecenje, ishod.

Introduction

Pulmonary embolism (PE) is one of the leading causes
of death in most countries 2. Right heart thrombus (RHT) is
detected echocardiographically in 4% of patients with PE 3,
Some reports suggest that in patients with acute PE, the pres-

ence of RHT was significantly associated with an increase in
30-day mortality 4. On the other hand, the international Right
Heart Thrombi European Registry (RIHTER) showed that
30-day mortality was correlated with hemodynamic conse-
quences of the PE and not with the RHT characteristics °.
There are several therapeutic approaches for treating patients
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with PE and RHT, such as thrombolytic therapy, surgical and
percutaneous embolectomy, and anticoagulant therapy with
heparin , but the optimal therapeutic approach for these pa-
tients is still subject to debate. Although some studies (e.g., a
meta-analysis of 177 cases with RHT and PE) 7 showed a
preference for thrombolytic therapy, the potential benefits of
thrombolysis in clinically stable patients with RHT and PE
are still unclear.

Case report

A 38-year-old woman was admitted to the coronary
care unit of the General Hospital Valjevo, Serbia due to
symptoms of repeated chest pain and dyspnea. In the pa-
tient’s medical history, there was information of a deep ve-
nous thrombosis (DVT) incident some time ago.

On admission, the patient was hypotensive (blood pres-
sure was 70/50 mmHg) and tachycardic, with signs of pe-
ripheral cyanosis, while the other findings were unremarka-
ble. Electrocardiography presented a sinus tachycardia with a
heart rate of 132 bpm, slight axis deviation to the right, in-

o . ;
132/min| 12 anspu |
e | |

complete right bundle branch block (RBBB), as well as
S1Q3T3 (Figure 1). On admission, oxygen saturation (SaO)
was 86%, and hypoxemia, with the values of pO, = 67
mmHg and pCO, = 21 mmHg, was observed. Laboratory
tests showed increased value of white blood cell count [6.9 x
10 9/L, reference range (RR): 4.0-10.0 x 10%L], lower level
of hemoglobin (Hgb) (110 g/L, RR: 120-180 g/L), high C-
reactive protein (CRP) (113.5 mg/L, RR: 0.1-8.2 mg/L),
lower values of total proteins (58 g/L, RR: 65-80 g/L) and
albumins (29 g/L, RR: 35-50 g/L), as well as increased val-
ues of D-dimer (> 1,050 mcg/L, RR: < 380 mcg/L) and high
sensitivity troponin (312.6 pg/mL, RR: < 5.6 pg/mL), while
other parameters were unremarkable.

Transthoracic echocardiography was performed, and a
large thrombus was discovered floating in the right atrium,
protruding through the tricuspid valve into the right ventricle
(RV) (Figure 2A). The RV was enlarged [RV outflow tract,
(RVOT), was 36 mm], systolic blood pressure in the RV was
55 mmHg, tricuspid annular plane systolic excursion
(TAPSE) was 17 mm, vena cava inferior was 22 mm, and
tricuspid regurgitation (TR) 3+ was registered. The patient

L -| 9 g
| 132/min|. |10, a8 R0 |
] 11 AT 15

Fig. 1 — Electrocardiographic (ECG) finding of the presented patient on admission
to the coronary care unit. ECG registered sinus tachycardia with a heart rate of 132
bpm, slight axis deviation to the right, incomplete right bundle branch block, as
well as S1Q3T3. Black blocks overlap the patient’s personal data.

Fig. 2 — A) Transthoracic echocardiography showed a large thrombus floating in the right atrium (RA),
protruding through the tricuspid valve into the right ventricle (RV); B) Computed tomography pulmonary
angiography demonstrated bilateral pulmonary embolism; C) Follow-up control six months later:
multidetector computed tomography showed complete resolution. LV — left ventricle; LA — left atrium.
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underwent urgent multi-slice detector computed tomography
(CT) pulmonary angiography (CTPA), which revealed bilat-
eral PE and dilatation of the RV (Figure 2B). Bearing in
mind the echocardiographic and CTPA findings, we decided
to apply thrombolytic therapy since the patient was clinically
unstable, with the Pulmonary Embolism Severity Index (PE-
SlI) score of 108 and simplified PESI (SPESI) score of 3. Af-
ter the CTPA procedure, therapy was initiated immediately
with intravenous unfractionated heparin 8,000 1U bolus
(weight-adjusted bolus), after which thrombolytic therapy
(alteplase) was applied, according to the protocol for PE (100
mg of drug-infused peripherally over two hours, with gastro-
protection). Thrombolytic therapy was accomplished without
complications, and low-molecular-weight heparin was ad-
ministered for five days. On day six, novel oral anticoagulant
therapy (dabigatran 150 mg twice a day) was introduced.
During hospitalization, the patient was clinically stable, with
mild dyspnea at rest. A high level of CRP and a low levels of
total proteins and albumins indicated an infection (urinary
tract infection was observed), which was solved by parenter-
al antibiotics therapy. Analyses carried out in search for an
eventual tumor (tumor markers and multi-slice detector CT
of abdomen and pelvis) and autoimmune diseases [antinucle-
ar antibodies (ANA) and extractable nuclear antigens anti-
bodies (ENA), anti-neutrophil cytoplasmic antibodies (AN-
CA), C3, C4, antiphospholipid antibodies, and rheumatoid
factors] came out negative. Doppler ultrasound of the lower
extremities was also performed, which showed no signs of a
new incidence of DVT. The echocardiographic evaluation on
the seventh day of hospitalization showed no signs of intra-
cardial thrombus, normal ejection fraction (65%), partial re-
covery of RV (RV = 34 mm, systolic blood pressure of RV =
43 mmHg), and mild tricuspid regurgitation. After discharge,
the patient had the polymerase chain reaction (PCR) assay
done for the genes coding the coagulation factor V' (Leiden)
and the plasminogen activator inhibitor type 1 (PAI-1). The
results of the PCR test showed that both genes had mutations
that carry a risk of thrombophilia, and according to this, life-
long oral anticoagulant therapy was recommended. On fol-
low-up control, six months later, it was noted that the patient
had not suffered any adverse events during that time, includ-
ing no new episodes of DVT. The control multidetector CT
showed complete resolution (Figure 2C).

Discussion

Right heart thrombus is a relatively rare finding in pa-
tients with PE, but their prevalence may reach even 22% in

high-risk patients & °, Barrios et al. ® have shown that RHT is
an independent predictor for all-cause of death, PE-related
death, and recurrent venous thromboembolism, especially in
hemodynamically stable patients. Meta-analyses published
so far show that a high mortality rate exists in patients with
PE and RHT. In the first meta-analysis published in 2002,
the mortality rate was 27% 1°, while in a recently published
one, the mortality rate was lower (16.7%) 3. However, it is
still unknown whether RHT is the cause or just an indicator
of adverse outcomes because the results of the RIHTER trial
suggest that RHT characteristics such as size, morphology,
or mobility are not correlated with short-term outcomes °.
Optimal management of patients with PE and RHT is not de-
fined clearly yet, because of a low number of cases and the
absence of randomized clinical trials. The benefits of throm-
bolysis have been shown in high-risk and selected intermedi-
ate-high-risk cases according to current guidelines . In re-
ports with small series of patients with PE and RHT, a favor-
able outcome was reported > % 2, as well as in the study of
Rose et al. 1%, who described an improved survival rate in the
thrombolytic therapy group compared to anticoagulant thera-
py and surgery. On the other hand, a study that included 325
patients with PE and RHT suggested no significant differ-
ence between reperfusion therapy and anticoagulant therapy
regarding mortality and bleeding but that there was a higher
risk of recurrences in the reperfusion therapy group 2. Surgi-
cal embolectomy is another treatment option; it should be
applied in patients where thrombolysis is contraindicated or
ineffective or in patients with foramen ovale and potential
systemic embolization risk ® 8. In patients with PE and RHT,
parenteral anticoagulant therapy can be used as first-line
therapy or additional therapy following thrombolytic therapy
or surgery. Anticoagulant therapy should be used as first-line
therapy in clinically stable patients and in cases with a high
risk of bleeding .

In this case, the choice of thrombolytic therapy based
on the hemodynamic instability of the patient resulted in
good clinical outcomes, complete thrombus resolution, and
RV function recovery.

Conclusion

This case demonstrated the difficulty of managing pa-
tients with PE and RHT without hard evidence for optimal
treatment. While waiting for more data that would result
from conducting more randomized clinical trials on this top-
ic, the treatment of these patients should be based on current
guidelines regarding their hemodynamic stability.
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Abstract

Introduction. The presence of aneuploidy in patients diag-
nosed with chronic lymphocytic leukemia (CLL), except tri-
somy 12, is considered quite uncommon. Hyperdiploidy or
near-tetraploidy (occurring in 1-3% of all CLL patients)
usually confer a poor prognosis. Case report. We report a
patient in a progressive phase of CLL with near—triploid
karyotype. The prognosis of the disease was more precisely
determined by applying the cytogenetic analysis of the kary-
otype and was complemented with molecular methods and
pathohistological examination. The complex karyotype was
accompanied by the TP53, C-MYC, and IGH gene disrup-
tions, the most probable cause of rapid evolution into Rich-
ter’s syndrome. Conclusion. The use of comprehensive
contemporary diagnostic techniques is highly recommended
in patients who are in the progressive phase of CLL, pri-
marily for the adequate choice of management strategy. The
presented case confirms that aneuploidy in CLL patients in-
dicates poor prognosis, which is in accordance with previ-
ous publications reporting on cases of CLL patients with
aneuploidy.

Key words:

abnormal karyotype; chronic lymphocytic leukemia;
disease progression; karyotyping; richter’s
syndrome.

Apstrakt

Uvod. Prisustvo aneuploidije kod bolesnika sa dijaghozom
hroni¢ne limfocitne leukemije (HLL), sa izuzetkom trizomi-
je 12, smatra se retkom pojavom. Pojava hiperdiploidnog ili
kariotipa blizu tetraploidnog broja hromozoma (koji se
javlja kod 1-3% svih bolesnika sa HLL) smatra se losim
prognostickim parametrom. Prikaz bolesnika. Prikazan je
bolesnik u uznapredovaloj fazi HLL sa kariotipom blizu
triploidnog broja hromozoma. Prognoza bolesti je preciznije
odredena citogenetickom analizom kariotipa bolesnika, i
dopunjena molekularnim metodama i patohistoloskom ana-
lizom. Otkriveno je prisustvo kompleksnog kariotipa ud-
ruzenog sa poremecajima u genima TP53, C-MYC 1 IGH,
§to je najverovatnije bio uzrok brze progresije u Rihterov
sindrom. Zaklju¢ak. Primena savremenih dijagnostickih
metoda veoma je znacajna kod bolesnika u uznapredovaloj
fazi HILL, prvenstveno zbog adekvatnog terapijskog
pristupa. Prikazani slucaj ukazuje da je prisustvo aneuploidi-
je kod bolesnika sa HLL lo§ prognosticki znak, $to je u sa-
glasnosti sa prethodno publikovanim prikazima bolesnika sa
HLL i sa aneuploidijom u kariotipu.

Kljuéne reci:

kariotip, abnormalni; hroni¢na limfocitna leukemija;
bolest, progresija; kariotip, odredvanje; rihterov
sindrom.

Introduction

Chromosomal aberrations in chronic lymphocytic
leukemia (CLL) are of key importance for predicting
disease outcomes and are often used in therapeutic

decisions 1 2, These alterations, including trisomy (TS) 12
(+12) and deletion of chromosomes 13q14 (13g-), 11922
(11g-), and 17p13 (17p-), are detected in more than 80% of
the CLL cases by fluorescence in situ hybridization (FISH)
technique . However, FISH provides information only

Correspondence to: Marija Denci¢-Fekete, University of Belgrade, Faculty of Medicine, Institute for Pathology “Dr. Porde Joannovi¢”,
Dr. Subotica Starijeg 1, 11 000 Belgrade, Serbia. E-mail: marijadfekete@yahoo.com



Vol. 80, No. 5

VOJNOSANITETSKI PREGLED

Page 455

about chromosomal regions covered by the probes used,
leaving the majority of the present karyotype changes
undetectable.

In recent years, various studies revealed the prognostic
impact of chromosomal abnormalities (CAs), which are not
covered with FISH probes *°. The International Workshop
on CLL ® proposed conventional karyotype analysis be
performed before first-line therapy and any subsequent
treatment due to the frequent gain of additional CAs during
the course of the disease.

Complex karyotype with three or more abnormalities is
present in 14-34% of untreated CLL patients and confers a
worse disease outcome > " 8, The estimation of karyotype
complexity at the time of CLL diagnosis is crucial since its
presence has been linked to the evolution of Richter’s syn-
drome (RS) °. The most frequent aberrations in complex kar-
yotypes include structural changes in chromosomes 11, 13,
14, and 17. On the contrary, the occurrence of numerical
changes (except TS 12) is extremely rare and, when present,
can be seen within hyperdiploid or near-tetraploid karyo-
types in 1-3% of all CLL cases * 113,

Herein, we report a CLL patient with a complex, near-
triploid karyotype in the progressive phase of CLL, who rap-
idly evolved to RS.

Case report

A 71-year-old female presented with a six-month histo-
ry of fatigue, sweating, weight loss, and enlargement of ton-
sils, peripheral lymph nodes, and spleen. Laboratory findings
revealed the following: hemoglobin 108 g/L [reference range
(RR) 120-160 g/L], white blood cells 10.7x10%L (RR 3.6-
10.0 x10%/L), with neutrophils 12% (RR 42-75%), lympho-
cytes 21% (RR 20-51%), atypical lymphoid cells 37%,
monocytes 27% (RR 2-10%), platelets 202 x10%L (RR 150-
450 x10%L), elevated lactate dehydrogenase (LDH) 735
IU/L (RR 220-460 IU/L), B2 microglobulin 7.5 mg/L (RR
970-2,640 mg/L) and C-reactive protein 1.9 mg/L (RR 0.0-
3.0 mg/L). Flow cytometry confirmed score 5 for CLL with
CD38 and CD49d positivity [CD19*, CD20"", CD21"",
CD22|0W’ CDzinterm’ CD24intermed, CD5bright’ CD43|OW,
CD49d"", CD38"("the pattern of CD38 expression profile
was characterized as bimodal, with the concomitant presence
of one population expressing high levels of CD38 and a sec-
ond population completely negative), FMC7-, CD79b7].

Conventional cytogenetic analysis was performed on
chromosome metaphases prepared from peripheral blood
lymphocytes cultured for 72 hrs with lipopolysaccharide us-
ing the standard technique. Giemsa-banded metaphases were
analyzed, and the findings were reported according to the In-
ternational System for Human Cytogenetic Nomenclature in
2013 12,

FISH analysis for common cytogenetic abnormalities
associated with CLL was performed on interphase nuclei
obtained from the culture of peripheral blood samples and
tissue sections prepared from a formalin-fixed, paraffin-
embedded tonsilar biopsy. A panel of probes designed to
detect TS 12 and deletions of 13q14.3, 17pl13.1, and

Marija Denci¢-Fekete, et al. Vojnosanit Pregl 2023; 80(5): 454—-457.

11g22.3, according to the manufacturer’s instructions (Vy-
sis/Abbott Laboratories, Des Plaines, IL), were used. In or-
der to assess the immunoglobulin heavy locus (IGH) gene
and C-MYC proto-oncogene, FISH analysis was performed
using dual-color break-apart probes (Vysis/Abbott Labora-
tories).

For tumor protein 53 (TP53) mutational analysis, DNA
was isolated from formalin-fixed, paraffin-embedded bone
marrow samples using QlAamp DNA Mini Kit (Qiagen,
Germany) according to the manufacturer’s instructions. The
TP53 mutational status was determined by polymerase chain
reaction amplification of coding exons 4-10 and flanking in-
tronic regions, as recommended in Pospisilova et al. =3, fol-
lowed by direct Sanger sequencing (forward and reverse
strand) with BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) on 3130 Genetic Analyzer (Ap-
plied Biosystems, USA). The results were interpreted by
GLASS software, a web-based Sanger sequence trace view-
er, editor, aligner and variant caller, and the locus-specific
International Agency for Research on Cancer (IARC) data-
base.

The computerized tomography scan showed an en-
largement of lymph nodes from 14 mm in the mediastinal ar-
ea and 21 mm in the retroperitoneum to 29 mm in the axillar
region. The liver was normal in size and appearance; the
spleen was enlarged (150 mm) with the presence of homoge-
nous bilateral pleural effusion. Bone marrow core biopsy re-
vealed diffuse infiltration with small lymphocytes (80%).
Due to tonsilar enlargement, a tonsillectomy was performed.
Histopathological evaluation of the tonsils, followed by im-
munohistochemical analysis, revealed signs of initial pro-
gression of small lymphocytic lymphoma (SLL)/CLL into
diffuse large B-cell lymphoma (DLBCL), the occurrence of
single large cells without sheets, with the phenotype PAX-5%,
CD79¢*, CD20*, CD3", CD5*, CD23*, CD43*, Cyclin D1,
SOX11, bcl-2*, bcl-6, CD10, CD38, CD30, CD15,
MUML1, C-MYC', ZAP70", p53*, Ki-67* in 30-40% of them,
approximately three mitoses per proliferation center (Figure 1).
Tonsilar tissue FISH analysis confirmed the result obtained
from peripheral blood, with an additional chromosome copy
number. Finally, the patient was diagnosed with CLL Rai
stage Il and was initially treated with a high dose of
methylprednisolone, followed by rituximab, fludarabine, and
cyclophosphamide (R-FC) lite protocol, which she did not
tolerate. Febrile neutropenia with prolonged recovery devel-
oped, and after improvement, treatment was continued with
cyclophosphamide, hydroxydaunorubicin, oncovin, and
prednisolone (CHOP) protocol, again with poor response and
further lymph node progression. Due to right popliteal
phlebothrombosis, anticoagulant treatment was commenced.
Because of the substantial toxicity of chemotherapy, addi-
tional palliative treatment and extra methylprednisolone cy-
cles were applied. Unfortunately, 11 months after diagnosis,
the patient experienced intestinal complications with positive
Clostridium difficile enterocolitis, leading to the fatal out-
come.

Conventional cytogenetic analysis was performed on 20
chromosome metaphases from a peripheral blood sample,
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Fig. 1 — Biopsy of tonsilar tumor: A) Increased number
of large single cells with immunoblastic features and
expanded proliferation centers [hematoxylin and eosin
(HE), x100]; B) Approximately three mitoses per
proliferation center (HE, x400);

C-F) Immunohistochemical features of tumor cells
(streptavidin-biotin, x400): C) CD79a staining;

D) CD5 staining; E) CD23 staining; F) Ki-67 staining
highlights high proliferation rate of the cells in the
proliferation centers.

revealing a near-triploid female karyotype with multiple nu-
merical and structural changes in 13 out of 20 metaphases,
described as: 70-77,XXX,+1,+2,+3,+4,+8,der(9)add(9)(p24),
+10,der(11)add(11)(g25),+der(11)add(11)(g25),+12,+12,+der(
13)add(13)(p11),der(15)add(15)(p11),+der(15)add(15)(p11),+
16,+16,+16,der(18)add(18)(q22),+19,+19,+20,+20,+21,+22,
+10mar[cp13]/46,XX 7 (Figure 2A).

FISH analysis of peripheral blood and paraffin-
embedded tonsilar and bone marrow tissue, using the CLL
panel, revealed three copies of chromosomes 11g22.3,
8g24, and 13g14.3 in 30%, 50%, and 70% of nuclei, re-
spectively. Moreover, three and four copies of chromosome
enumeration probes (CEP) 12 were spotted in a total of
70% of nuclei, while the rearrangement of the IGH gene
with an extra copy of the 3’IGH signal was present in 30%
of nuclei. These findings were presented in Figures 2B-E
and described as: nuc ish [(D13S319,D12Z3)x
(380/200)]/nuc ish (D13S319x3,D12Z3x4)[60/200] (Figure
2B); nuc ish  [ataxia telangiectasia ~ mutated
(ATM)x3,TP53x2][60/200] (Figure 2C); nuc ish(C-MYC x
3)(5’C-MYC con 3’C-MYC x3)[100/200] (Figure 2D); nuc
ish(3"IGHx3,5’IGHx2)(3’IGH con 5’1GHx1)[60/200] (Fig-
ure 2E). TP53 mutational analysis revealed frameshift mu-
tation in exon 6 [c.626_627delGA (p.R209fs*6)].
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Fig. 2 — A) Near-triploid karyotype with
complex aberrations from peripheral blood;
B) Trisomy and tetrasomy of CEP12
accompanied with trisomy of 13q14; C) Trisomy
of 11922 with disomy of 17p13; D) Trisomy of
8024 (C-MYC); E) Rearrangement of 14932
(IGH) showing an extra red signal of the 3’IGH.

Discussion

The incidence rate of progression of CLL to DLBCL in
newly diagnosed patients is relatively rare; it usually occurs
in 0.5-1.1% of patients and develops 1.8-4 years after the
initial diagnosis, depending on the duration of clinical
follow-up, patient population studied, and diagnostic criteria
used to define it * ' % Some of the biological factors
predictive of RS development include expression of CD38
and CD49, inactivation of TP53 or C-MYC abnormalities, as
well as genomic complexity, which has been considered an
adverse prognostic indicator 6-8,

Our patient was diagnosed with SLL/CLL, showing
splenomegaly, more than three enlarged lymph node regions,
and elevated serum LDH and B2 microglobulin levels at
presentation. The presentation of highly progressive disease
was established by other diagnostic methods, including
immunophenotype (CD38 and CD49d positivity), pointing
out that the patient had an increased risk of both short
survival and clonal evolution 78,

The rapid disease evolution and the patient’s resistance
to chemotherapy coincided with the presence of a near-
triploid karyotype. The FISH result revealed TS of the 13914
region and C-MYC gene as the most prevalent aberrations,
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followed by TS of 11g, CEP12, and tetrasomy of
chromosome 12. The karyotype analysis defined trisomic
signals seen by FISH more closely: two signals of the 11922
region marked two derivative chromosomes 11, one of the
three signals for 13914 belonged to one derivative
chromosome 13, while three and four signals for 8g24 and
CEP12, respectively, presented simple copy number changes
of the whole chromosomes 8 and 12. In addition, multiple
structural and numerical changes of chromosomes not
covered with FISH probes were observed as well.

However, the karyotype itself gave us no information
about the sequence of events leading to its development. A
relatively short period of time (6 months) from the first
disease symptoms and rapid progression to RS can be
explained by the early acquisition of some of the high-risk
gene mutations, which would favor chromosomal instability
and the development of additional chromosomal changes.
Indeed, mutational analysis of the TP53 gene was positive
for the frameshift mutation in exon 6, while FISH for IGH
and C-MYC genes showed positivity for both
rearrangements. It is worth noting that our findings were in

contrast with the recent report of Rossi et al. *°, who found
that TS 12 and 17p aberrations seemed mutually exclusive.

In our report, the presence of near-triploid karyotype
was designated as an uncommon and very rare event in both
CLL and RS. However, in the context of complex karyotype,
our results are consistent with similar published cases show-
ing karyotype complexity with TP53 and/or C-MYC rear-
rangements as particularly adverse prognostic indicators, of-
ten seen in CLL patients with the evolution to RS * 7.

Conclusion

We can point out that karyotype analysis revealed
infrequent cytogenetic aberrations in CLL, contributing to
the identification of the CLL patient with a highly aggressive
clinical course. The combination of morphologic and
immunohistochemical  analyses, together  with the
incorporation of conventional cytogenetics in CLL
diagnostics, could provide complementary information to
FISH and mutation analyses in defining high-risk patients
and facilitating therapy strategy.
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UPUTSTVO AUTORIMA

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

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

VSP objavljuje radove koji nisu ranije nigde objavljivani, niti
predati za objavljivanje redosledom koji odreduje uredivacki odbor.
Svaki pokusaj plagijarizma ili autoplagijarizma kaznjava se. Prilikom
prijave rada u sistem elektronskog uredivanja ,,Vojnosanitetskog
pregleda“(http://aseestant.ceon.rs/index.php) neophodno je priloZiti izjavu
da su ispunjeni svi postavljeni tehni¢ki zahtevi ukljuCujuéi i izjavu koju
potpisuju svi autori da rad nije ranije ni u celini, niti delimi¢no objavljen niti
prihvacen za Stampanje u drugom casopisu. Izjavu o pojedinaénom
doprinosu svakog oé) autora rada potpisanu od svih autora, treba skenirati i
poslati uz rad kao dopunsku datoteku. Takode, autori su obavezni da dostave
I potpisanu izjavu 0 nepostojanju sukoba interesa ¢ime postaju odgovorni za
ispunjavanje svih postavljenih uslova. Ovome sledi odluka o prihvatanju za
dalji uredivacki postupak. Rukopisi pristigli u Redakciju asopisa podlezu
internoj i eksternoj recenziji. Svi autori duzni su da plate “Article Processing
Charge” za pokrice troskova jezicke, stru¢ne i tehnicke obrade rukopisa, kao
i njegovog objavljivanja. Domaéi autori plac¢aju iznos od 5 000 dinara, a
inostrani 150 eura. Dodatna placanja nisu predvidena ¢ak i u slu¢aju da autor
koji je ve¢ prethodno platio traZeni iznos, ima vise prihvacenih radova za
objavljivanje u godini u kojoj je izvrSio uplatu. Svi autori koji su platili “Arti-
cle Processing Charge” mogu, ukoliko Zele, dobijati Stampanu verziju
Casopisa tokom godine u kojoj je izvrSena uplata. Placanje ovog iznosa ne
garantuje prihvatanje rukopisa za objavILivanje i ne utice na ishod recenzije.
Od obaveze placanja pokri¢a navedenih troskova oslobodeni su recenzenti,
¢lanovi Uredivatkog odbora i Izdavackog saveta VSP, studenti i mladi
istrazivaci, kao i pretplatnici ¢asopisa.

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

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

Rukopis se pise sa proredom 1,5 sa levom marginom od 4 cm.
Koristiti font veli¢ine 12, a naCelno izbegavati upotrebu bold i italic slova,
koja su rezervisana za podnaslove. Originalni ¢lanci, opsti pregledi i
metaanalize i ¢lanci iz istorije medicine ne smeju prelaziti 16 stranica (bez
Eriloga); aktuelne teme — deset, seminar prakticnog lekara — osam,

azuistika — Sest, ﬁrethodna saopstenja — pet, a komentari i pisma uredniku
—tri, izvesStaji sa skupova i prikazi knjiga — dve stranice.

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

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

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.

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

Priprema rada

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

1. Naslovna strana

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

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

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

d) Zakljucak moze da bude posebno poglavlje ili se iznosi u poslednjem
pasusu diskusije.

e) Podaci o autoru za korespodenciju.

2. Apstrakt i kljuéne reci

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

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

3. Tekst ¢lanka

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

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

omiteta.

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

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

Literatura

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

Primeri referenci:

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

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

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

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

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

Tabele

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

lustracije

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

Legende za ilustracije pisati na posebnom listu, koristeci arapske brojeve.
Ukoliko se koriste simboli, strelice, brojevi ili slova za objaSnjavanje
pojedinog dela ilustracije, svaki pojedina¢no treba objasniti u legendi. Za
fotomikrografije navesti metod bojenja i podatak o uvecanju.

Skraéenice i akronimi

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

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

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


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