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. Social Medicine

Alternative Dispute Resolution in Healthcare -

Historical Overview

Kostadin Dimitrov, Tsonka Miteva-Katrandzhieva

Department of Social Medicine and Public Health, Faculty of Public Health,

Medical University of Plovdiv

Background: Alternative dispute resolution (ADR) is widely used in various fields to resolve disputes
without involving the traditional tort system. With the surge of litigations against healthcare workers, ADR
gains popularity as a cheaper, faster and more effective method than court. Objectives: We aimed to con-
duct a historical overview of ADR and its inculcation into healthcare. Materials and methods: A system-
atic search was conducted in the electronic databases of PubMed and Google Scholar. Results and discus-
sion: ADR refers to techniques used to resolve conflicts without the involvement of the Judicial System.
There are two well-known forms of ADR — Mediation and Arbitration. ADR has been applied for conflict
resolution in various fields. Amongst the countries with greatest impact on validation of ADR as an effec-
tive alternative to litigation is the USA. In the 1980’s ADR gained popularity with the spread of the imple-
mentation of ADR at state level. Due to the surge of lawsuits for medical malpractice in the USA that
resulted in burden on the Juridical System a reform took place. The reform went through tree stages —
Medical Screening Panels, Binding Arbitration and Mediation. NHS introduced mediation in medical neg-
ligence in the United Kingdom in 2016 after receiving a positive result in pilot program launched in the
year 2014. Conclusion: Our article highlights the historical development of ADR and its introduction to
the healthcare field. It is proven to be a cheaper, faster and more effective method of medical dispute reso-
lution than litigation.

Keywords: alternative dispute resolution methods, history of alternative dispute resolution methods, alter-

native dispute resolution method in healthcare, mediation

Introduction

Healthcare is a complex and dynamic en-
vironment in which conflicts and disputes of
different nature can arise between the patient
(and/or their family) and medical personnel.
Traditionally, in these cases, one of the par-
ties in the conflict files a lawsuit. The nature
of the judicial process is adversarial; it is in-
effective in terms of time and costs, and it is
not able to meet the expectations of consum-
ers in every case. Due to the shortcomings of
the traditional judicial system, healthcare in-
creasingly focuses on methods for resolving
disputes between doctors and patients out-
side the framework of the judicial system.
Alternative dispute resolution method is a
term that encompasses a wide range of ap-
proaches to resolving conflicts in a non-con-
frontational manner, without involving the
judicial system (1) (2); i.e. using approaches

that are an alternative to full-scale judicial
proceedings.

Objectives

The aim of this study was a historical
overview of the Alternative Dispute Resolu-
tion approaches and their implementation in
healthcare.

Materials and methods

A review of the available scientific litera-
ture was conducted through a systematic
search in the electronic databases of PubMed
and Google Scholar.

Results and discussion

Types of alternative dispute resolution

methods

The methods of conflict resolution with-
out involving the judicial system are divided



into two major groups — formal and infor-
mal. The informal methods are more flexible
and are carried out in an informal environ-
ment. (3)

» Negotiation

This method involves a meeting between
the parties to the dispute, during which the
parties' views are presented and information
is exchanged between them, with the ulti-
mate goal of reaching a consensus. With this
method, the parties to the dispute engage in
direct communication, exchange proposals
and requests, until a consensus decision is
reached for both parties. The informal nature
of this method serves as a buffer for smooth-
ing out misunderstandings between those in-
volved in the dispute. (3) (1)

» Screening Panel

This is a method of alternative dispute
resolution  specifically  designed for
healthcare. (4) The composition of the
screening panel may vary, but usually con-
sists of a doctor and a lawyer. Their task is
to establish the validity of the claim before it
reaches the court and to encourage the reso-
lution of the dispute. (5)

» Mediation

Mediation is one of the most important
and successful methods of alternative dis-
pute resolution. It is a voluntary, flexible and
confidential process in which a third party
(mediator) assists the parties to the dispute in
reaching a consensus, without the interven-
tion of the court. (6) The mediator's main
role is to assist the parties in clarifying the
conflict, creating a safe environment of trust
for discussing issues that may be emotion-
ally and psychologically difficult, and guid-
ing the conversation towards reaching a con-
sensus. Unlike a judge or jury, the mediator
cannot make the final decision or take sides
in the dispute. (7)

» Arbitration

This method represents a confidential and
privately organized process in which a third
party chosen by the parties to the dispute or
by a consensus procedure for selection par-
ticipates. The arbitrator hears the parties to
the dispute and makes a decision on which
one is right. By its very nature, arbitration
can proceed as a simplified court case, or
specific rules agreed upon by the parties can
be applied. (8) In arbitration, the parties may
be represented by lawyers, and the arbitrator
may be an expert in the field of the dis-
pute. (2) Arbitration is a formal form of al-
ternative dispute resolution, the aim of
which is to be cheaper and faster than a
standard court case

Prerequisites for active use of

alternative methods for conflict

resolution in healthcare

There are several prerequisites for the re-
form of the traditional judicial system as the
main method for resolving conflicts between
doctors and patients. The main ones are the
shortcomings of this system and the incom-
plete satisfaction of the parties involved.
Due to the imperfections of the judicial sys-
tem, evidence and witnesses, the judicial de-
cision is not always fair. (9) Another signif-
icant drawback of the judicial system is the
high administrative costs, which are due to
the need to prove guilt in every individual
case and determine compensation amounts
based on unclear criteria. Direct and indirect
legal costs in healthcare in the United States
amount to over $55 billion annually. (10)
Part of the indirect losses to the healthcare
system are reflected in the practice of defen-
sive medicine by doctors. By its nature, it
represents a deviation from good medical
practice due to doctors' fear of being sued.
59% of the doctors included in a study on the



practice of defensive medicine among spe-
cialties at increased risk of litigation state
that they have behavior of over-treatment,
which means that they conduct tests and con-
sultations that they do not consider neces-
sary. 39% of the doctors included in the
study report that they avoid providing medi-
cal care to high-risk patients. (11) One major
drawback of the traditional judicial system is
the long period of time it takes to reach a de-
cision. According to a study conducted by
the United States General Accounting Office
on cases against doctors, the average time
from filing a lawsuit to resolution is
14 months (GAO 1984). Another study by
Jury Verdict Research found that the average
duration of medical malpractice cases in
2000 was 45 months (12).

Another reason for the need for alterna-
tive dispute resolution methods in medicine
is the dissatisfaction of consumers. In most
cases, court cases do not answer the most im-
portant questions for patients: What exactly
happened? What are the consequences of the
error for their health? Why did the error oc-
cur? How will the error be rectified? How
will the error be prevented from happening
again in the future? (13) The main reason for
the majority of lawsuits against doctors is
not financial, but poor communication be-
tween patients and doctors. In many cases,
patients resort to litigation because the infor-
mation they have received from their doctors
is insufficient and/or not understood. (14)

The advantages of alternative methods
over traditional judicial systems are many —
they are emotionally sparing and less expen-
sive; they take significantly less time to re-
solve disputes; they allow for more open
communication between the parties in the
dispute; their flexibility makes them more
effective in the dynamic, complex, and emo-
tional nature of medical disputes. (15)

History of alternative dispute

resolution methods

Although the boom of alternative dispute
resolution methods was in the 1960s, their
history can be traced back long before then.
In China, during the Zhou dynasty around
2000 BC, a position of mediator was estab-
lished in all government administrations.
Currently, the role of mediators in China is
not only to resolve conflicts but also to carry
out primary prevention by not allowing them
to arise. (16) In ancient Greece, alternative
methods were also used to resolve conflicts.
In 400 BC, due to the overloading of the
courts in Athens, arbitration was introduced
as an alternative to the judicial process. The
procedure was formal, and the arbitrator was
chosen by lottery for each individual case.
His main function was to resolve the prob-
lem, and if that was not possible, to direct the
dispute to a traditional court. It was manda-
tory for every 16-year-old boy to go through
the position of an arbitrator. (17) During the
Middle Ages, arbitration gained increasing
popularity in Europe as an alternative
method for resolving disputes in interna-
tional trade, due to the lengthy traditional ju-
dicial process. (18) Among the countries
with the greatest contribution to the develop-
ment of the modern concept of alternative
dispute resolution methods is the United
States. In the 1920s, the US Congress passed
a federal law on arbitration, giving legal
weight to this process. The newly adopted
law obliges the parties to comply with the
agreement, authorizes the courts to enforce
arbitral decisions. In 1926, the American Ar-
bitration Association was established, which
aims to inform arbitrators and parties to the
dispute about alternative methods of conflict
resolution and the procedures for their im-
plementation. At an academic level, in the
1980s, some universities in the United States
began to offer courses and bachelor's



programs in the field of alternative dispute
resolution. (19)

In the 1960s and 1970s, there was a rapid
increase in medical malpractice lawsuits
against doctors in the USA. As a result of
this crisis, it was one of the first countries to
notice the application and benefits of these
methods for resolving conflicts in
healthcare. (20) The first wave of reforms in
the USA began in the 1970s and 1980s. Its
goal was to reduce the number, severity, and
costs of medical malpractice lawsuits against
doctors. Almost all states made changes to
their local legislation, adopting alternative
methods for resolving disputes in medical
claims. (21) Three main methods are used as
an alternative to the traditional judicial sys-
tem: arbitration, mediation, and screening
panels. (5) Some of the first states to make
legislative changes were Maryland and New
Mexico. In 1962, New Mexico adopted a law
for screening panels as a voluntary alterna-
tive method for resolving conflicts in
healthcare, and in the 1970s, it became man-
datory. From 1976 to 1996, 2,100 medical
malpractice claims were heard, and three
quarters /of the cases were settled before go-
ing to trial. (4) In 1976, the General Assem-
bly of the State of Maryland passed a law re-
garding medical arbitration. The law states
that any legal action against a physician with
a value greater than $5000 must be reviewed
by an arbitration jury, consisting of a lawyer
who serves as the jury chair and has legal ex-
pertise, a physician who provides expert
opinions on medical issues, and a member of
the public who, in contrast to the other two
jury members, lacks expert knowledge. (22)
In 1969, the arbitration project Southern Cal-
ifornia begins under the guidance of the As-
sociation of Hospitals and the Medical Asso-
ciation. Lawsuits under $20,000 were re-
solved by a single arbitrator — a lawyer, and
larger lawsuits were settled by a jury
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consisting of three members — a lawyer, a
doctor to provide expert opinion on medical
issues, and another member who did not
have expert knowledge in contrast to the
other two members of the jury. The process
followed the rules of the American Arbitra-
tion Association. The results of a compara-
tive study between hospitals using arbitra-
tion and those using the conventional judi-
cial system in California show that arbitra-
tion is more financially and time-efficient in
reaching a settlement. (20) Numerous medi-
cal institutions are implementing media-
tion — the University of Michigan, Johns
Hopkins, Rush Medical Center, the Univer-
sity of Pittsburgh, and Drexel Medical Cen-
ter. According to a study, the cost savings
from mediation on average amount to
$50,000 in court fees. (2) Other proven ad-
vantages of mediation over the judicial sys-
tem are the time it takes to reach an agree-
ment, which varies from a few hours to a few
months in more formal cases, and the satis-
faction of the parties' expectations in the dis-
pute, which occurs in 90% of cases in medi-
ation. Legal fees also decrease significantly.
The average preparation time for an attorney
for mediation is 2.5 hours, while for a trial it
1s 36 hours. (15) The mediation program at
Drexel Medical Center began in 2004 with a
success rate of resolving disputes in 85% of
cases. In the same year, a mediation program
also began at the University Hospital in
Pittsburgh with a success rate of resolving
cases in 88% of cases and saving defense
costs of $1 million. 35 states adopt legisla-
tion for negotiation between doctors and pa-
tients, which is reflected in early recognition
of medical errors and apologies. (2)

The reform in Germany began in the
1970s with the increase in lawsuits against
doctors. The country moves towards a for-
mal alternative dispute resolution method by
creating arbitration boards. At present, there



are 12 arbitration boards in Germany. A key
moment for them is the voluntary nature of
the process, with parties to the conflict re-
taining the right to turn to traditional courts.
To date, the step towards arbitration boards
i1s considered a success. In 2009, approxi-
mately 11,000 claims were filed for consid-
eration of lawsuits. (23)

In the UK, attempts at reforms happened
much later. In 2014, the National Health Ser-
vice of UK launched a pilot program for re-
solving medical malpractice claims through
mediation. A total of 49 cases were included,
47 of which reached an agreement through
mediation, 1 was resolved before the pro-
cess, and 1 was withdrawn. Following the
success of the pilot program, in December
2016, the National Health Service began of-
fering mediation services for claims. From
the start of the services until March 2019,
606 cases were considered. 74% of the cases
were resolved on the first day of the process
or within 28 days. (24)

In Bulgaria, in 2004, the Law on Media-
tion was adopted, which regulates the rela-
tions related to this process. According to it,
mediation is a voluntary and confidential
procedure for out-of-court settlement of dis-
putes and is conducted by a non-convicted
person who is not deprived of the right to
practice a profession or activity, has passed
a mediator training course, and is registered
in the Unified Register of Mediators. (25) In
2005, the National Association of Mediators
was registered. (26) However, in Bulgaria,
these alternative methods are still not well
known in the context of healthcare, and there
is a real need for their popularization and ap-
plication.

Conclusion

Alternative methods for conflict resolu-
tion have their origins in ancient times, but
they have only recently entered the field of
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healthcare and are becoming a successful
practice. Their increasing application for re-
solving conflicts between doctors and pa-
tients is based on their advantages over tra-
ditional legal disputes. Historically, they
have proven to be an effective, more cost-ef-
fective and faster method for achieving con-
in the dynamic and complex
healthcare environment, achieving a high
degree of satisfaction among all interested
parties. In Bulgaria, these alternative meth-
ods are still not well known, and there is a
real need for their popularization and appli-
cation.

sensus
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Application of the Pilates Method for Prevention and
Control of Postural Disorders and Spinal Curvatures

in Adolescents

Gergana Koleva', Samuela Davidova', Selen Durmushalieva®, Petya Kasnakova’

1. Medical College, Medical University of Plovdiv
2. Department of Health Care Management, Faculty of Public Health, Medical University of Plovdiv

Introduction: Modern living conditions, the improper nutrition, reduced physical activity in adolescents
are factors that cause impaired posture, various deformations of the spine and chest. Postural disorders and
spinal distortions at young age are a serious medico-social problem that adversely affects physical and
mental development. The aim of the study is to conduct a screening for detection of postural disorders and
spinal distortions among adolescents and to compile a program based on the Pilates method to improve
motor activity in case of disordered posture and spinal curvatures. Materials and methods: The study
covered 90 people aged 6 to 25 held in November 2022 in Plovdiv. The functional examination included
anamnesis, examination in combination with special tests for spinal dysfunctions. Results and discussion:
An analysis was made of the results of the respondents' diagnostics, grouped according to the type of spinal
dysfunctions and distortions. A program based on the Pilates method was drawn up and approved in ac-
cordance with the findings of the functional examination. Original rehabilitation algorithms for the preven-
tion of impaired posture have been promoted, including physical exercises to correct the deformity from
unencumbered position and antigravity exercises to stimulate postural reflexes in combination with breath-
ing exercises. Conclusion: Successful prevention and treatment of spinal curvature depends on early de-
tection, identification of causes, type, degree and severity. The possibilities for the prevention of spinal
problems at a young age, which problems are the main reason for back pain in adulthood, have been ana-

lyzed.
Keywords: the Pilates method, spinal distortions

Introduction

A sedentary lifestyle is widespread
among all age groups of the population
worldwide [1]. Measures to increase the
physical activity of the population are one of
the most economical and effective ap-
proaches for better public health in response
to the main risk factors, such as unhealthy
diet and inactivity [2]. According to data
from the National Study on Risk Factors for
Chronic  Non-Communicable  Diseases
(2021-2025) in Bulgaria, a sedentary life-
style is widespread among all age groups and
insufficient physical activity is reported
among the population. According to the
Global Action Plan for Physical Activity
2018-2030, the implementation of activities
to increase physical activity will enable im-
provements in the nation's health, quality of
life and general well-being [3]. The problem
of low physical activity among children in
Bulgaria between the ages of 10-19 is
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particularly serious. Almost half of them
(46%) have never practiced sports or other
physical activity. The results of the research
show that 48.2% of boys and 25.5% of girls
are physically active almost every day dur-
ing their free time, 33.8% of them play
sports 2—3 times a week. Every third student
plays sports once a week or less, or does not
do sports at all, with the share of girls being
almost twice as high as that of boys [3]. Ac-
cording to a study by the Institute for Social
Research, the most common reasons for im-
mobility are insufficient free time (50%); the
impossibility of additional financial ex-
penses (14%); the lack of a close/convenient
place for sports to the home/workplace
(12%). In a Eurobarometer study, the main
reason for the low level of physical activity
in our country is the lack of sufficient oppor-
tunities for sports and physical activity
(46%). Only 4% of Bulgarians are members
of sports clubs and 3% of fitness and health



clubs [4]. Approaches to promoting physical
activity have changed dramatically in recent
years. For several decades, almost all strate-
gies have been designed to educate and mo-
tivate young people to be physically active
in order to promote health and prevent a
number of diseases. The prevention of pos-
tural and spinal disorders is an important fac-
tor in public health care due to their signifi-
cant increase. The reason for this drastic in-
crease in spinal deformities is rooted in the
modern sedentary lifestyle since childhood,
leading to reduced motor activity. According
to Filkova (2017), the applied methods for
building and improving the motor stereotype
for correct posture in conventional kine-
sitherapy do not give the desired result. This
is a reason to look for and apply new meth-
ods that are more effective and motivating
for children [5].

The Pilates method is a modern mix of
physical exercises, also called new fitness
gymnastics [6]. Motor practice helps shape
the figure, control weight, builds muscle
strength, endurance, and motor qualities.
Physical fitness is the first requisite of hap-
piness. Our interpretation of physical fitness
is the maintenance of a uniformly developed
body with a sound mind fully capable of nat-
urally, easily, and satisfactorily performing
our many and varied daily tasks with spon-
taneous zest and pleasure (Pilates 1945). In
Joseph Pilates’ book, Return to Life Through
Contrology, he writes that his method is not
merely a physical fitness regimen of mind-
lessly repeated exercises, but rather a holistic
approach to well-being and a lifelong pro-
cess of refinement [7].

The Pilates system of movement is a ho-
listic exercise program that emphasizes
whole-body conditioning. According Osar
and Bussar (2015), this is one of the charac-
teristics that make Pilates such a natural
method for exploring fascial fitness
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concepts. Dynamic, whole-body movements
and stretches are inherent in the Pilates rep-
ertoire, a departure from the single-muscle
focus of traditional stretching and weight
training. A fascial approach to exercise tends
to focus on stretching and training long my-
ofascial chains of muscles in movements
that are more functional and intuitive [8]. Pi-
lates is a great tool to assist or even enhance
a physiotherapy program when someone is
recovering from an injury [9]. By strength-
ening the deepest muscles of the core, opti-
mizing alignment, and creating correct
movement patterns [10]. The pilates method
can be used by patients with low back pain
to improve pain, function and aspects related
to quality of life (functional capacity, pain
and vitality) [11].

The aim of the study is to conduct a
screening for detection of postural disorders
and spinal distortions among adolescents
and to compile a program based on the Pila-
tes method to improve motor activity in case
of disordered posture and spinal curvatures.

Materials and methods

The study covered 90 people aged 6 to 25
held in November 2022 in Plovdiv. of them,
64 (71.1%) were girls and 26 (28.9%) were
boys. The average age of the examined per-
sons was 14.6 years. The functional exami-
nation included anamnesis, examination in
combination with special tests for spinal
dysfunctions: cervical, thoracic and lumbar
mobility, tests of Ott, Tom Mayer, Schober,
Moshkow.

Results and discussion

Regarding somatoscopy for posture as-
sessment, postural disorders, pathological
asymmetries and muscle hypotrophy are
identified in the analysis of the results. Dur-
ing the examination, a relaxed/incorrect/pos-
ture was observed in 57.8% (n = 52) and
muscle imbalance in the area of the shoulder



girdle and shoulder blades. The largest per-
centage of asymmetry is in the area of the
shoulder blades — 45.6% (n =41). We found
scoliotic posture in 35.6% (n = 32) of them.
The values obtained by us regarding the
prevalence of postural disorders are similar
to the data from the specialized literature.
They are close to the results of a study by S.
Filkova (2017), which revealed the fre-
quency of asymmetries in the area of the
shoulder girdle and shoulder blades [5].

We found increased thoracic kyphosis in
23.3% (n=21), kyphoscoliosis —24.4% (n =
21) and lumbar lordosis — 16.7% (n = 15) of
the examined. The deformity is usually asso-
ciated with periods of rapid growth and may
appear during puberty in girls as a malfor-
mation in breast development. In this period
of their development, different types of or-
thostatic deformities have already formed,
resulting from the student lifestyle — incor-
rect carrying of school bags; uncomfortable
but fashionable shoes; prolonged stay in an
incorrect seat, etc.

Divided by gender, the number of girls
among the studied adolescents with impaired
posture prevails by 38%. The results of the
study place first the girls with disturbed /re-
laxed/ posture (69.2%). Most often, the

lumbar lordosis 1-5

asymmetry of shoulder _ 48,40%

thoracic kyphosis 1-6

53,30%

52,30%

kyphoscoliosis - 40,90%

scoliosis posture

62,50%

———

m total

girls

posture is the result of weak muscles,
changes in different parts of the spine — sco-
liosis (62.5%), kyphosis (52.3%) and lordo-
sis (53.3). In boys, kyphoscoliosis (59.1%)
and minor asymmetry of the shoulder girdle
(29.6%) were observed most often. There is
no correlation between gender and the type
of distortion, motor activity and posture in
everyday life are important (Figure 1).

A screening study by R. Pascaleva (2017;
2021) in children of preschool age proves the
wide spread of impaired posture — postural
disorders in 65.41% and 12.2% — over-
weight, which confirms the thesis of a num-
ber of authors about insufficient motor activ-
ity in adolescents [12, 13].

A postural assessment is necessary to
check whether the problems are related to
the lower limbs, pelvis, shoulder girdle,
torso, upper limbs or only functional causes
are present [13]. The physical development
of adolescents is correlated with their motor
and nutritional regime, with their constitu-
tion, with hardening, with the early detec-
tion, prevention and treatment of acute and
chronic diseases that accompany growth.
Early diagnosis, systematic monitoring, treat-
ment and proper movement regime contribute
to a favorable outcome in children [14].

16,70%
29,20%
47,70%
59,10%
37,50%

69,20% 30,80%

boys

Figure 1. Distribution of the studied orthostatic deformities according to type
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At the present day, the treatment of this
disease has as its goal the prevention or cor-
rection of spinal deformities [15]. Positive
results are also observed from programmed
corrective training on postural disorders in
the lumbar and thoracic region [16]. A pro-
gram based on the Pilates method was drawn
up and approved in accordance with the find-
ings of the functional examination. Original
rehabilitation algorithms for the prevention
of impaired posture have been promoted, in-
cluding physical exercises to correct the de-
formity from unencumbered position and an-
tigravity exercises to stimulate postural re-
flexes in combination with breathing exer-
cises.

According Filkova and Usheva (2017),
“Good posture” is the position of the body
that imposes minimal stress on muscles and
negligible load on joints in order to maintain
balance. This is achieved by keeping the
muscle balance necessary for proper devel-
opment and functioning of the locomotor
system [17].

The developed Pilates methodology was
presented in an attractive and motivating
way for the teenagers, so that they would be
interested in continuing the activities even
after completing the course.

Evidence is presented in studies that mo-
tor activity, physical environment conditions
and other factors in children are important
for their health in an active age, and Pilates
programs can be recommended as an appro-
priate exercise for impaired posture and
musculoskeletal disorders [18].

Conclusion

Correct human posture is one of the signs
of good physical development and health. It
provides the necessary conditions for the
normal functioning of the internal organs,
maintains muscle balance and creates favor-
able mechanical conditions for the
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development of the musculoskeletal system.
Cultivating the habit of proper posture from
childhood has a lasting influence throughout
life. The possibilities for the prevention of
spinal problems at a young age, which prob-
lems are the main reason for back pain in
adulthood, have been analyzed.

The prevention of impaired posture and
various postural disorders is directly related
to the development of initiatives for the af-
firmation of healthy practices, engagement
and the creation of an infrastructure for the
practice of therapeutic physical exercises,
mass sports and various motor activities on a
national level.
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Association between Shift Work and Cardio-metabolic

Diseases: a Literature Review
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Introduction: Shift work is associated with an adverse risk profile for high mortality and chronic diseases.
Despite growing evidence, a significant portion of the workforce in our society remains concentrated in
shift and night work. A combination of unfavorable characteristics in nutritional behaviour accompanied
by circadian rhythm abnormalities is observed among the shift workers. Aim: The aim of this review is to
examine the long-term cardio-metabolic health consequences among shift workers. Materials and meth-
ods: A search was conducted in PubMed, Google Scholar and ScienceDirect Database, as well as official
websites of various governmental and non-governmental institutions by using keywords and word combi-
nations. Results and discussion: The combination of a disturbed sleep-wake circadian cycle and an un-
healthy diet has been found to promote the development of numerous metabolic disorders, such as cardio-
vascular disease, insulin resistance, diabetes, dyslipidemia, and metabolic syndrome. Studies have shown
that cases of overweight and obesity are more prevalent in shift workers than in fixed-day workers. In
addition, The International Agency for Research on Cancer classifies shift work as a probable carcinogen.
Conclusion: Shift work should be considered an occupational hazard. More research is needed to clarify
its underlying pathological mechanisms. This will allow researchers to focus on preventive approaches and
contribute to the reduction of modern society’s morbidity.

Keywords: Shift work, night-shift work, risk factors, cardio-metabolic diseases, chronic diseases

Introduction

The most recent scientific evidence high-
lights the detrimental effects of contempo-
rary work schedules on human well-being.
Findings indicate that annual exposure to
shift and night work often leads to a combi-
nation of unhealthy eating habits and dis-
rupted circadian rhythms, which might con-
tribute to the onset of cardio-metabolic ail-
ments, namely cardiovascular diseases
(CVD), hypertension, and type 2 diabetes
(T2D) among employed individuals. Gath-
ered scientific data in this review demon-
strate a significant prevalence of metabolic
syndrome, central and visceral obesity, hy-
pertension and dyslipidemia within the pop-
ulation of shift and night workers.

Aim

This literature aims to clarify the correla-
tion between shift work and cardio-meta-
bolic diseases in conjunction with a pro-in-
flammatory diet and disrupted endogenous
circadian thythms — two of the most widely
debated detrimental factors prevalent among
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the cohort of individuals engaged in shift and
night work.

Materials and methods

Systematic research was conducted in
PubMed, Google Scholar, ScienceDirect
Database as well as official websites of var-
ious governmental institutions using key-
words and word combinations. Inclusion cri-
teria were articles in English, available in
full text, published between 2007 and 2022.

Discussion

Overweight and obesity

Obesity and overweight are defined ac-
cording to the value of the body mass index
(BMI) value (kg/m?) or the weight of the in-
dividual divided by their height squared. Ac-
cording to WHO, obesity in adults is defined
as a BMI greater than or equal to 30, while
overweight is defined as a BMI within the
range of 25.0 to 29.9. (1) Obesity constitutes
a component of metabolic syndrome and is
closely linked to the development of diabe-
tes, hypertension, coronary heart disease,



stroke, obstructive sleep apnea, and certain
types of cancer. (2) In 2017, globally, obe-
sity and overweight were responsible for
2.4 million deaths and 70.7 million disabil-
ity-adjusted life years among women and
2.3 million deaths and 77.0 million disabil-
ity-adjusted life years among men. (3)

The latest scientific evidence reveals that
the prevalence of overweight and obesity is
higher among individuals engaged in shift
and night work compared to those working
fixed day shifts. (4) Results from a compre-
hensive meta-analysis encompassing 28
studies show that shift and night work in-
crease the risk of obesity and overweight by
23%, along with a 35% higher likelihood of
developing abdominal obesity. Moreover,
metabolic consequences and their severity
vary based on the specific type of non-stand-
ard work schedule: permanent night workers
exhibit a 29% more elevated risk of obesity
when in comparison with workers on rotat-
ing night shifts. (5) Liu et al. report that con-
tinuous night shifts correlate with a higher
frequency of overweight while rotating night
shifts heighten the risk of obesity. (6) It is
suggested that the combination of unhealthy
dietary behavior and chronic circadian
desynchronization are the main causative
factors for the higher frequency of obesity
among night and shift workers. Desynchro-
nization symptoms include lack of sleep, ir-
regular timing of food intake and anomalies
in daily and nighttime activity, which are
typical for night shift workers and are often
associated with obesity. (7) A cross-sec-
tional study of 1593 participants by Givens
et al. reports finds a positive correlation be-
tween sleep disturbances and obesity in shift
workers. (8) The exact pathological mecha-
nism behind this phenomenon is not clear.
More high-quality longitudinal studies are
needed to clarify this connection.
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Metabolic syndrome

Metabolic syndrome (MetS) manifests as
a combination of metabolic abnormalities:
hypertension, obesity, insulin resistance, and
atherogenic dyslipidemia. It has been re-
ported that mortality in individuals with
MetS is 46% higher compared to that in
healthy individuals. (9)

Bacquer et al. conducted a six-year pro-
spective study that followed 1,529 shift
workers from several large Belgian compa-
nies and public administrations which re-
sulted in 23.8% of the shift workers devel-
oping Metabolic Syndrome (MetS) after the
six-year period. (10) In the systematic re-
view of Canuto et al., ten out of eight studies
show a positive correlation between shift
work and the frequency of MetS. (11) A
meta-analysis of 12 studies by Sooriyaarach-
chi et al., compared the risk of adverse health
outcomes between groups of medical work-
ers on rotating shifts and fixed day shifts and
reports that workers on rotating and night
shifts are twice as likely to develop MetS
compared to fixed-day workers. (12) In an-
other meta-analysis, Khosravipour et al. re-
port that workers on rotating shifts have a
higher likelihood of developing MetS than
those hired on other types of work sched-
ules. (13) The cross-sectional study of
Bayon et al. shows that the frequency of
MetS in individuals continuously working
on night shifts is higher among men com-
pared to women, whereas women working at
night suffer from a higher risk of elevated
triglyceride levels compared to men. (14)
The cross-sectional study by Yu et al. is the
first of its kind conducted among young
workers — the study of 3,317 individuals
aged between 20 and 40 shows that the
group of female employees working shifts is
associated with a higher risk of metabolic
syndrome, while no significant association is



observed within the group of male shift
workers. (15)

Insulin resistance and type 2 diabetes

The relationship between disrupted glu-
cose metabolism and circadian disruption
caused by long-term shift work is of signifi-
cant scientific interest. Wefers et al. were the
first to investigate the direct impact of dis-
rupted circadian rhythms on insulin sensitiv-
ity in skeletal muscles: a circadian disruption
was induced in fourteen healthy, non-smok-
ing, non-shift-working men. The following
skeletal muscle biopsy and molecular analy-
sis found that on a molecular level, physio-
logical processes were not synchronized
with the induced circadian disruption which
led to elevated levels of postprandial plasma
glucose, despite elevated levels of plasma in-
sulin. (16) In another laboratory study, Mor-
ris et al. found a decrease in glucose toler-
ance among shift workers in a laboratory
study, with a 5.6% increase in postprandial
glucose levels. (17) Silva-Costa et al. found
a positive connection between shift work
and increased fasting glycemia and higher
levels of glycosylated hemoglobin (18).

Gan et al. conducted a meta-analysis ex-
amining 12 observational studies, which
found that shift workers have a 9% higher
risk of developing type 2 diabetes than those
working on a fixed daytime schedule, with
men being at a higher risk than women. (19)
The meta-analysis of Gao et al. reports that
shift workers are at a 10% higher risk of de-
veloping type 2 diabetes compared to fixed-
day workers, with a trend towards increased
risk associated with the annual duration of
shift work. (19)

It is suggested that when exposed to shift-
work, individuals with a late chronotype
(i.e., whose biological night occurs later on
a hormonal and metabolic level in the
24-hour cycle of light/darkness) suffer less
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from circadian rhythm disruptions compared
to workers with an early chronotype. (20)
Chronotype-work schedule misalignment is
associated with an elevated risk of metabolic
disturbances, including a higher susceptibil-
ity to type 2 diabetes in early chronotypes
working frequent night shifts. (20) On the
other hand, studies show that early morning
shifts are unfavorable for the circadian
rhythms of late chronotypes. (21) Consider-
ing these results, the chronotype of each
worker would be an important component in
developing health prevention strategies, and
its inclusion in future studies on shift work
as a risk factor for type 2 diabetes will lead
to more consistent and robust results.

The study by Pan et al. is one of the most
accurate on the connection between shift
work and type 2 diabetes: the 20-year study
followed 69,269 women and found that the
risk of developing type 2 diabetes increases
with the duration of shift work: 5% after
1-2 years, 20% after 3-9 years, 40% after
10-19 years, and almost 60% after >20
years. The study is part of the Nurses' Health
Study, the largest prospective study on
health and chronic diseases among nurses
which is expected to confirm the relationship
between diet, shift work, and metabolic dis-
eases, and develop new prevention strategies
and policies for shift workers. (22)

Cardiovascular disease, dyslipidemia

and hypertension

Although the connection between shift
work and CVD is well-documented by epi-
demiological studies, the exact mechanisms
leading to this adverse phenomenon are not
clear. According to Torquati et al., night
shifts increase the risk of cardiovascular in-
cidents and mortality respectively by 17%
and 20%. (23) An increased risk of atrial fi-
brillation (the most common arrhythmia in
congestive heart failure) has been found in



workers exposed to prolonged night
shifts. (24) Burgueno et al. observed in-
creased levels of the protein resistin (an in-
flammatory biomarker associated with ath-
erosclerosis) in rotating shift workers. (25)
The meta-analysis of Lu et al. found that
shift workers are predisposed to leukocytosis
and elevated levels of plasma resistin and
MetS. (26)

The state of the lipid profile is one of the
main mediators of the risk of CVD. When it
the relationship between
dyslipidemia and shift work — studies pre-

comes to

sent us with diverse results. Tucker et al.
conducted the first prospective study on the
association between non-standard work
schedules and dyslipidemia. The study fol-
lowed two large cohorts (11,998 men and
49,944 women) and found that night shift
workers had a higher frequency of purchas-
ing medications for dyslipidemia (mainly
statins), providing evidence for a link be-
tween non-standard work schedules and ad-
verse lipid profiles. (27) Dutheil et al. found
that permanent night shift workers have
higher levels of total cholesterol, a higher
risk of dyslipidemia, and significantly lower
levels of HDL cholesterol compared to fixed
day shift workers. (28) In contrast to these
findings, earlier studies do not find a connec-
tion between lipid profile components and
shift work. (18, 29) Loef et al. report that
workers on shift and night schedules with
work experience of 20 years or more have
significantly lower levels of total cholesterol
and LDL cholesterol. (30) These conflicting
results show a need for future and more in-
depth scientific research when it comes to
the effects of shift work on the lipid profile.

The rhythmic secretion of melatonin in
the human body is closely related to the
course of circadian rhythms and plays an im-
portant role in the maintenance of normal
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blood pressure. (31) Shift workers are ex-
posed to light, physical activity and inges-
tion of food during night hours which dis-
rupts the rhythmic melatonin secretion and
leads to compromised circadian rhythms and
poor blood pressure control. (32) Morris et
al. induce a state of short-term circadian de-
viation in healthy, fixed-day time workers.
This 8-day experiment leads to increased
systolic blood pressure (by 1.4 mmHg from
the baseline level) and an increase in dias-
tolic blood pressure (by 0.8 mmHg from the
baseline level), as well as a rise in the values
of the CRP protein (an inflammatory bi-
omarker) in the participants. (17) The meta-
analysis by Manohar et al., which included
27 studies, shows a significant association
between rotating shift work and an increased
risk of developing hypertension. (33) A
study on 1075 shift workers and 878-day
workers from a petrochemical plant found a
correlation between work experience in a
specific shift schedule and the frequency of
hypertension. Workers with more than 20
years of shift work experience had a signifi-
cantly higher risk of developing hyperten-
sion. (32) To examine the long-term health
effects of shift work, Guo et al. studied
26,463 retired employees divided into five
categories based on the duration of their
work experience in shiftwork conditions:
1) never worked shifts, 2) 1-4 years, 3) 5-9
years, 4) 1019 years, and 5) over 20 years.
The study found that short-term exposure to
shift work (less than 10 years) mainly affects
sleep quality, whereas long-term exposure
(over 10 years) is associated with an in-
creased risk of diabetes and hyperten-
sion. (34) It should be noted that shift work
predisposes unhealthy behavior like smok-
ing and inadequate dietary patterns (35)
which can be seen as additional risk factors
for the development of CAD, unhealthy lipid
profile and hypertension.



Conclusion

Without a doubt, shift work is considered
an occupational adverse factor. Compared to
employees on fixed daily schedules, those
exposed to night and shift work have a
higher risk of cardio-metabolic diseases. The
population group of shift and night workers
is more likely to experience disruptions in
endogenous circadian rhythms and un-
healthy eating habits. There is an urgent
need to provide evidence-based nutritional
recommendations based not only on “what
shift workers should eat”, but also on “how,
when, and why”. Effective nutritional rec-
ommendations designed for shift and night
workers would help to compensate for the
consequences of circadian disruption, unnat-
ural night-time activity, and night-time food
intake.
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A 23-year-old Man with a Rash after Returning from Italy
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Monkeypox (previously monkeypox), an African zoonosis has been known for decades. Sadly, it only be-
came a topic of interest after it rapidly spread outside Africa in 2022. We described a case (homosexual
male) of mpox after returning from Italy, following the pattern of recent mpox cases. All of his samples
tested positive for the mpox virus. The patient made an uneventful recovery. We discussed the unusual,
atypical, and confusing aspects of current mpox outbreaks. Vaccines and antiviral agents have been in our
toolbox since the beginning of the mpox epidemics (based on animal data). However, to prevent the
reemerging infection from becoming a pandemic, effective and equitable use of available tools is essential.
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Introduction

As the world recovers from the shock of
the COVID-19 pandemic and reflects on the
lessons learned from the failure to contain
the global SARS-CoV-2 outbreak, a new in-
fectious disease threat has remerged — an or-
thopoxvirirus African infection — mpox (pre-
viously known as monkeypox) (1). Unprec-
edented and unexpected outbreaks of human
monkeypox cases since May 7, 2022 rapidly
spread across Europe, the Americas, and
Australia. As of January 2023, the number of
confirmed cases are 84 639 in 111 countries
and 86 deaths (2). Sadly, the mpox had only
became a topic of interest once transmitted
outside Africa. There are several unusual,
atypical, and perplexing aspects of these out-
breaks. We described a case of following the
pattern of recent MOX vases in some Euro-
pean countries.

Case presentation

A 23-year-old previously heathy man was
admitted to the infectious disease depart-
ment, University hospital, Plovdiv, in July
2022 after being referred from another hos-
pital after 2-day treatment for severe pharyn-
gitis and high fever. A rash appeared on the
second day of his hospital stay. He presented
after 5 days of high fever, malaise, myalgia
and sore throat. In this hospital the physical
examination revealed a temperature of 39°C,
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blood pressure of 105/65 mmHg, pulse of
116 beats per minute, and oxygen saturation
of 97% on room air. Pulmonary and cardiac
examination revealed no abnormalities.
There were scattered small papules on his
face, trunk, and extremities and enoral lesion
on the left tonsil. The left submandibular
lymph nodes were and palpable and tender.
He reported having had unprotected homo-
sexual intercourse 15 days earlier in Italy,
from where he returned 10 days ago. In light
of recent cases in several European coun-
tries, including Italy, an mpox infection was
suspected. A monkeypox virus was positive
on the skin and throat swabs, as well as in
semen, urine, stools and sputum (NCIPD,
Sofia). His blood borne virus screen test was
negative for HCV, HBV and HIV. He also
tested negative for syphilis. A few days after
admission, he was informed by his partner
that he had a confirmed mpox. The patient
remained febrile, and new lesions continued
to develop and evolved into vesicles until
day 8™ after which all lesions turned into
pustules and began to crust. No specific
treatment except ceftriaxone for suspected
bacterial skin superinfection was adminis-
tered. He was discharged on day 11" and ad-
vised to isolate at home until all lesions des-
quamated.

At 4-month follow-up the patient was do-
ing well.



Discussion

We described a case of mpox following
the pattern of recent mpox cases in some Eu-
ropean countries.

Classically, before 2022, most data on hu-
man mpox were reported from central and
western Africa. Animal-to-human was the
predominant way of transmission and ro-
dents and other mammals were likely reser-
voirs. Children, pregnant women, and im-
munocompromised were most at risk.

The mpox (monkeypox) virus was first
isolated and identified in 1959 when mon-
keys shipped from Singapore to a Denmark
research facility fell ill (3). However, the
first confirmed human case was in 1970
when the virus was isolated from a child in
the Democratic Republic of Congo sus-
pected to have smallpox. (4).

Typically, what is already known (or
thought to be known) about the diseases is as
follows:

After an incubation period of 7—14 days a
prodrome and lymphadenopathy appear fol-
lowed by a rash. The mpox rash is centrifu-
gal (predominantly on the face and distal ex-
tremities). The lesions evolve simultane-
ously through popular, vesicular, pustular,
and crust phases over 14-21 days. They are
characterized as firm and deep-seated, and 2
to 10 mm in size. Lethality rates vary de-
pending on mpox virus clades included (1—
10%) and are higher in Central Africa (5, 6,
7).

The available information is incomplete,
as most of the cases were not laboratory con-
firmed because of a scarcity of local diag-
nostic infrastructure, challenges with civil
unrest, and the existing healthcare system.

The mpox has been on the rise since the
1970s, and as of 2017, more cases had been
diagnosed than in the previous 40 years. Pre-
vious vaccination against smallpox was esti-
mated to be 85% effective in preventing
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mpox. However, eradicating smallpox and
the subsequent suspension of vaccination
paved the way for mpox to gain clinical rel-
evance. This rise is most likely attributable
to natural and man-made factors (8, 9).

The current epidemics are precedential
are several ways (is mpox a new name for a
new disease?) (10, 11). For the first time, the
outbreak has spread outside Africa to 5 con-
tinents. Most cases have no apparent epide-
miological ties to the endemic regions (re-
cent travel to endemic areas, interaction with
wild animals imported from endemic areas).

The affected population is mainly, though
not solely, gay and bisexual men who have
sex with men (GBMSM). The dominant
mode of transmission is through close con-
tact during sex. Patients with mpox often ex-
perience a localized rash. The genitalia or
anus are usually affected and have a cluster-
ing of lesions. The latter are believed to be
due to the sexual nature of transmission.
Usually, there is no flu-like syndrome. Le-
sions show pleomorphism, presenting at dif-
ferent stages simultaneously. Single lesions
are not uncommon. Vesicles and pustules
may be smaller than classically described.
Our patient's recent trip to Italy, his high-
risk sexual behaviour, and characteristic
skin manifestations alerted the treating
physicians to proceed with further inves-
tigations. Complications, including bacte-
rial superinfections, myocarditis, and en-
cephalitis, are rare. Proctitis, not usually as-
sociated with mpox, is common. Initially,
some cases have been erroneously misdiag-
nosed as sexually transmitted diseases. As in
our case, the current mpox is a self-limiting
illness, often requires only symptomatic
treatment, and mortality remains
(0,05%).

Mpox should be suspected in any patient
presenting with a new unspecified rash and
lymphadenopathy, esp. with recent travel to

low
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central or West Africa, part of Europa where
mpox has been reported, or in those with any
known contacts with mpox. The collection
of two specimens, each from multiple le-
sions from different locations, is required.
RT-PCR on lesion materials or body fluids
can be used. Samples should first be tested
for orthopoxvirus species and then positive
samples further tested with mpox-specific
PCR.

Vaccines and antiviral agents are in our
toolbox from the beginning of the mpox out-
breaks, whereas the COVID-19 toolbox was
empty when COVID-19 emerged (12)

Currently, there are no specific clinically
proven treatments for mpox infection. Te-
covirimat, the preferred antiviral, was ap-
proved for the treatment of smallpox, not
monkeypox, as part of bioterrorism prepar-
edness (based on data in animals). The med-
ication is safe and tolerable, with minor side
effects but not readily available in many
counties. It is indicated for the immunocom-
promised and those with severe diseases
(widespread rash, severe pain, and/or system
symptoms). Treatment is yet to be evaluated
in arandomized controlled trial and a few are
underway (13). Others, less commonly used,
are cidofovir, brincidofovir, and vaccinia
immune globulin (14, 15).

The uncomplicated mpox course in the
presented case required only sympto-
matic treatment apart from ceftriaxone
for suspected bacterial superinfection.

A new smallpox vaccine (MCA-BN) ap-
proved for mpox contains a life-attenuated
non-replicating virus. In Europe is used un-
der the brand name Imvanex, and in the US —
Jynneos. The recommended regimen con-
sists of 2 doses (4 weeks apart) subcutane-
ously, and the peak in immunity develops
2 weeks after the second dose. It is recom-
mended for a specific high-risk population
(16).
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Conclusion

Mpox is one of many and not the last
reemerging disease. It reminds us that an old
neglected disease can spread to new regions
affecting a different population presenting
with novel clinical presentations.

Notably, the new name (to avoid stigma-
tization) reflects the new natural history and
clinical presentation. with much to explore
including effective treatment strategies. Ef-
forts should be made to address stigma
within the MSM community and equitably
use available treatment and immunization.
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Introduction: Cardio-pulmonary exercise testing (CPET) is a valuable tool in evaluating exercise toler-
ance, functional capacity and ventilatory response. However, maximal effort is needed to obtain the main
parameters. Aim: The aim of this article is to review some of the possible applications of the oxygen uptake
efficiency slope (OUES) as a marker of functional capacity at submaximal level in patients with chronic
heart and lung conditions. Materials and methods: Using the Scopus database, an advanced search was
made to identify articles pertaining to the topic. Initially, 619 articles were found and were narrowed down
to under 30 based on the inclusion criteria (age, medical history, use of submaximal effort during testing).
Discussion: During CPET, a variety of data can be extrapolated including oxygen consumption, CO, pro-
duction, ventilation and ventilatory efficiency. OUES was first introduced as an index of cardio-pulmonary
functional reserve. It is derived as the relation between the oxygen uptake (VO,) and the common logarithm
of the minute ventilation (VE). Calculated in such a way, OUES presents a linear relationship between the
two parameters. OUES has been proven an objective, effort-independent parameter for assessing the func-
tional reserve at submaximal effort. Conclusion: OUES is a useful parameter to assess the functional ca-
pacity for groups of patients who find it hard, or impossible to perform a CPET at maximal effort, and
therefore cannot reach a VO, max, mainly — children, chronically ill patients, as well as athletes in mid-

training season.
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Introduction

Cardio-pulmonary exercise testing (CPET)
is a comprehensive test that assesses the car-
diovascular, respiratory and muscular sys-
tems’ function during exercise performance.
It is a valuable tool in evaluating exercise
tolerance, functional capacity and ventila-
tory response. Moreover, CPET can be a
helpful diagnostic tool, aiding clinicians in
monitoring the progression of chronic condi-
tions, such as heart and lung disease [1].
During CPET, the individual typically exer-
cises on a stationary bike or a treadmill while
connected to specialized equipment. The ex-
ercise intensity is gradually increased until
the individual reaches their maximum effort
or until certain clinical endpoints are
reached. During CPET, a variety of physio-
logical parameters can be extrapolated.
Some measurements that are being taken
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are: minute ventilation (VE) in I/min, oxy-
gen uptake (VO.) and carbon dioxide pro-
duction (VCO»), as well as heart rate (HR)
and oxygen saturation (SpO). Additional
values and indexes that can be calculated
from the data, include respiratory exchange
rate (RER), oxygen pulse (O2 pulse) and
ventilatory equivalents, as well as several
useful thresholds, like the anaerobic thresh-
old (AT) and the respiratory compensation
point (RCP) [2]. Data can be easily repre-
sented in a graphical formation, with rela-
tionships between the different parameters
shown in a clear fashion.

Aim

The aim of this article is to review some
of the advantages and drawbacks of oxygen
uptake efficiency slope (OUES) as a useful
marker of functional capacity at submaximal



level in patients with chronic cardiac and
respiratory conditions.

Materials and methods

Using the Scopus and PubMed databases,
an advanced search was made to identify ar-
ticles pertaining to the topic. Initially, 619
articles were found and were narrowed down
to under 30 based on the inclusion criteria
(age, medical history, use of submaximal ef-
fort during testing). The chosen articles re-
flected the time period between 1996 and
2015.

Results and discussion

Oxygen uptake efficiency slope is a
newer index of respiratory function, that re-
flects the relationship between the oxygen
uptake (VO7) and minute ventilation (VE)
during exercise [3, 4]. It is calculated by

plotting the oxygen uptake (VO2) against the
minute ventilation (VE) during exercise, and
then calculating the slope of this relation-
ship. Specifically, OUES is the slope of the
linear regression line that is fit to the VO,-
VE relationship during incremental exercise
(figure 1). A steeper slope indicates a more
efficient oxygen uptake, whereas a lower
one, means that more ventilation is needed,
for a given oxygen quantity to be used by the
body. The OUES is expressed in units of ml
O2/min per unit of VE (/min) [5].

Calculating OUES

OUES can be further calculated via a
mathematical equation (figure 2). In the
given formula, the values “a” and “b” pre-
sent constants, determined by the patient’s
anthropomorphic characteristics. The value

(P2

a” represents OUES itself [6].
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Figure 1. Relationship between oxygen uptake (VO;) and minute ventilation (VE) during incremental

exercise in a representative subject.

Baba R, Nagashima M, Nagano Y. Role of oxygen uptake efficiency slope in evaluating exercise tolerance. Archives of Disease in Childhood,

1999; pp 73-75

29



VO, =ax IongE +b

Figure 2. Mathematical formula for calculating
OUES; a = OUES

Advantages of OUES

Research has shown OUES to be a useful
parameter, for several different reasons. One
of the main advantages of OUES is that it
does not need maximal exercise effort from
the patient’s side, in order to be calculated.
OUES remains relatively stable through the
entire duration of the exercise test [7], and
therefore can be reliably extrapolated even
with CPET performed at submaximal level,
or prematurely interrupted. Studies have
shown that, while shortening the exercise
protocol affects both VOomax and the
VE/VCO; slope, the same cannot be said
about OUES [8]. This is especially useful for
testing populations with either a lower func-
tional reserve and existing cardiac or venti-
latory limitations (such as patients with
chronic heart or lung disease [9] or for test-
ing populations with a lower rate of compli-
ance and motivation, such as pediatric sub-
jects [10, 11].

Moreover OUES has proven to be an ob-
jective parameter, since it can be mathemat-
ically determined (via the formula stated
above) from a set of exercise data, rather
than needing a subjective interpretation of
the graphic data.

There is a significant correlation between
OUES and VO2max, calculated at maximal
and submaximal (75% and 85%) aerobic
running speed [12]. Therefore, OUES is an
accurate enough substitute for VOomax in
cases where VO,max was not reached dur-
ing the exercise protocol.
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Results have shown that OUES is repro-
ducible and reliable, supporting the clinical
usefulness of this index — an index of repli-
cability for OUES around 20% has been es-
tablished [13].

Disadvantages of OUES

While OUES is a useful measure of car-
diorespiratory fitness and exercise effi-
ciency, there are some limitations and poten-
tial disadvantages to consider. A major
drawback of this index is the technical com-
plexity of the parameter, since it requires
specialized equipment, in order to be meas-
ured accurately. This can make it challeng-
ing to use in clinical and research settings
that do not have access to these resources.
Moreover, the lack of standardization be-
tween different protocols, makes it difficult
to compare the results across different stud-
ies and populations. Since OUES values can
be affected by body size, age, and sex, this
can make it challenging to interpret results in
different populations or to compare results
across studies [14]. More research is needed
to determine reference values for OUES
across different age groups, as well as how
OUES is influenced by the onset of puberty
and how it reflects exercise training in chil-
dren, and the difference in values between
healthy children and children with chronic
diseases [15, 16].

While OUES has been shown to be a use-
ful predictor of mortality and cardiovascular
events in some populations [17], its predic-
tive value may be limited in others [18]. Ad-
ditionally, it may not be as useful as other
measures of cardiorespiratory fitness or ex-
ercise capacity in certain populations or clin-
ical situations, for example individuals with
severe exercise limitations, or those with
medical conditions that affect the oxygen
uptake and ventilation.



Conclusion

OUES is a useful parameter in CPET,
however, since it is a rather new index, more
research needs to be done in order to deter-
mine, whether OUES can be adequately used
as a prognostic index in different patient
groups, as well as how it changes in different
populations, including the overweight and
obese. Moreover, data obtained using tread-
mill exercise and bicycle ergonometer needs
to be compared, in order to deduce whether
the two methods can be used interchangea-
bly. Further research is needed for a better
insight of OUES in the pediatric population.
Overall, while OUES can be a useful meas-
ure of cardiorespiratory fitness and exercise
efficiency, it should be used in conjunction
with other measures and interpreted in the
context of the individual's overall health sta-
tus and other relevant factors.
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Introduction: Postural Orthostatic Tachycardia Syndrome (POTS) is a dysautonomia that is long-recog-
nized to impair the quality of life, but now it is also acknowledged as a major part of Long-COVID Syn-
drome (LCS). The symptoms of POTS deteriorate the daily functioning of patients. Moreover, since its
incidence is increased, it is essential to understand the pathophysiological mechanisms that induce it after
SARS-CoV-2 infection. Aim: This review aims at exploring the proposed mechanisms that trigger POTS
after acute SARS-CoV-2 infection in relation to the already well-established pathogenesis of the condition.
Material and Methods: A search in the PubMed database was performed utilizing the following keywords:
postural orthostatic tachycardia and long covid syndrome. The results were filtered to include articles from
2019 to 2023 and 25 articles were selected. Results and Discussion: Both POTS and LCS involve the
dysfunction of multiple systems. As with other dysautonomias, the etiology for POTS could be a viral
agent — in this case — SARS-CoV 2. Several mechanisms are discussed — immune-mediated alteration in
different receptors, cellular toxicity by the viral spike protein, and neuroinvasion directly through the ol-
factory nerve or indirectly through the gastrointestinal system. Furthermore, other components of LCS set
the ground for POTS manifestation — physical deconditioning, chronic fatigue, hypovolemia, sustained
proinflammatory state, etc. Conclusion: Although some of the hypothesized mechanisms are not unfamil-
iar, there are also novel findings to explain the development of POTS as part of LCS. Improvement in their

understanding allows for the development of suitable preventive and rehabilitation strategies.
Keywords: postural orthostatic tachycardia, long covid syndrome

Introduction

Postural Orthostatic Tachycardia Syn-
drome (POTYS) is a dysautonomia character-
ized by an increase in heart rate (HR) of at
least 30 beats per minute within 10 minutes
of standing up from a supine position, as ob-
served in a head-up tilt test (HUTT) for
adults over 19 years old, or a minimum of 40
beats per minute for younger patients (1).
POTS has been long recognized to impair
the quality of life, but now it is also acknowl-
edged as a major part of Long-COVID Syn-
drome (LCS) (2). LCS is a complex condi-
tion that impacts multiple organ systems,
with an incidence of 10-30% in non-hospi-
talized cases, 50-70% in hospitalized cases,
and approximately 10-12% in vaccinated
cases, although the majority of cases occur
in non-hospitalized individuals with mild ill-
nesses (2). Symptoms of LCS encompass a
range, including chest

wide pain,

32

palpitations, cough, dyspnea, fatigue, cogni-
tive impairment, memory loss, disordered
sleep, and more. Importantly, LCS shares
many clinical similarities with myalgic en-
cephalomyelitis/chronic  fatigue syndrome
(ME/CFS) (2), (3). Notably, patients with
ME/CFS often meet the diagnostic criteria
for POTS (1), (2), (4). Furthermore, dysau-
tonomias such as POTS lead to orthostatic
intolerance (OI), which refers to the inade-
quate activation of the autonomic nervous
system (ANS) to meet the body's demands,
resulting in the failure or hyperactivity of ei-
ther the sympathetic nervous system (SNS)
or parasympathetic  nervous  system
(PNS) (5). While other types of OI, such as
orthostatic hypotension and vasovagal syn-
cope, involve a drop in blood pressure upon
standing, POTS does not exhibit such a char-
acteristic (6). In POTS, the heart rate often
increases to 120 beats per minute or higher,



while the mean arterial pressure (MAP) re-
mains stable (6). POTS primarily affects fe-
male patients of childbearing age, with a fe-
male-to-male ratio of 5:1 (1), (7). The world-
wide prevalence is estimated to be between
500,000 and 3 million individuals, with re-
ports from autonomic clinics globally indi-
cating an increased incidence that parallels
the spread of the COVID-19 pandemic (8).
Notably, approximately 2.5% of Post-
COVID-19 patients develop dysautonomia,
suggesting that at least 65 million people
worldwide are affected by LCS (2), (9).
However, establishing accurate prevalence
is challenging due to study limitations, such
as varying diagnostic criteria, patient charac-
teristics, observational design, and small
sample sizes (8). Common symptoms of
POTS exhibit characteristics of reduced cer-
ebral blood flow and a hyperadrenergic state,
including orthostatic tachycardia, palpita-
tions, dizziness, brain fog, presyncope, mi-
graine, fatigue, sleep disturbances, gastroin-
testinal (GI) symptoms, and overlap with
LCS and ME/CFS, making the differential
diagnosis challenging (10). Moreover, con-
sidering the increased incidence of POTS
during the pandemic and its significant im-
pact on socio-economic aspects of patients'
lives, including disability, inability to work
or requiring reduced working hours, anxiety
development, and reduced quality of life, the
importance of understanding the pathologi-
cal mechanisms leading to the disease be-
comes evident (10). Several mechanisms
have been investigated, given the complex
nature of the disease, but the proposed ones
include immune-mediated alteration in dif-
ferent receptors, cellular toxicity caused by
the viral spike protein, and direct or indirect
neuroinvasion through the olfactory nerve or
the gastrointestinal system, with some new
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findings emerging in relation to the ongoing
COVID-19 pandemic.

Aim

This review aims at exploring the pro-
posed mechanisms that trigger POTS after
acute SARS-CoV-2 infection in relation to
the already well-established pathogenesis of
the condition.

Material and methods

A search in the PubMed database was
performed utilizing the following keywords:
postural orthostatic tachycardia and long
covid syndrome. The results were filtered to
include articles from 2019 to 2023 and 29 ar-
ticles were selected.

Results and discussion

POTS is classified as one of the various
types of orthostatic intolerance (OI) (6).
When assuming an upright position, approx-
imately 800 mL of blood volume shifts from
the upper body to the lower body and
splanchnic circulation. To counteract the re-
sulting decrease in arterial pressure caused
by reduced venous return and stroke volume,
several mechanisms come into play (Fig. 1).
Among these mechanisms, autonomic re-
flexes, such as sympathetic stimulation and
activation of the renin-angiotensinogen-al-
dosterone system (RAAS), play a crucial
role (Fig. 2) (11). POTS is believed to consist
of five subtypes, which can overlap and re-
quire different treatment approaches: 1) hy-
peradrenergic; 2) neuropathic; 3) hypovo-
lemic; 4) joint-hypermobility-related; and 5)
immune-related (12). Moreover, in Post-
COVID POTS, several pathological mecha-
nisms are proposed to be involved, which
may overlap and interact with each other (8).
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Figure 1. Orthostasis results in a shift of up to 800 mL of blood volume from the upper body to the
lower body and the splanchnic circulation. To counteract the subsequent reduced arterial pressure, re-
sulting from a decrease in venous return and reduced stroke volume, several mechanisms play a role
including irregular distribution of blood in the venous system, non-uniform distensibility, muscle
pumps, and of biggest importance autonomic reflexes.

Vessel wall tension
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Figure 2. Autonomic reflexes include sympathetic stimulation and activation of the renin-angiotensin-
ogen-aldosterone system (RAAS). Baroreceptors in the carotid sinus and aortic arch are activated upon
sensing vessel wall tension decrease, which mirrors the fall in blood pressure. Activated baroreceptors
in turn activate RAAS and sympathetic response, the sum of the two leading to fluid retention, vasocon-
striction, increase in heart rate, and contractility, which counteract the fall in blood pressure.
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One of the proposed pathological mecha-
nisms in POTS involves immune-mediated
alterations in various receptors. POTS pa-
tients have a higher prevalence of anti-nu-
clear antibodies, anti-phospholipid antibod-
ies, and comorbid autoimmune disorders
like Hashimoto's thyroiditis, rheumatoid ar-
thritis, and celiac disease compared to the
general population (13). SARS-CoV-2 in-
fection may trigger the production of auto-
antibodies targeting different receptors,
leading to hyperadrenergic reactions and
tachycardia upon standing (8). Standard en-
zyme-linked immunosorbent assays (ELISA)
have shown that POTS patients exhibit sero-
positivity for antibodies against ganglionic
N-type and P/Q-type acetylcholine recep-
tors, alpha 1, beta 1, and beta 2 adrenergic
receptors, muscarinic M2 and M4 receptors,
angiotensin II type 1 receptors, and opioid-
like 1 receptors (13). However, the presence
of these antibodies alone does not fully ex-
plain the disease's pathogenesis, as they can
also be found in healthy individuals, neces-
sitating further investigation into autoanti-
body activity (14). Interestingly, there ap-
pears to be an inverse correlation between
autoantibodies and protective antibodies in
long COVID, with women being less likely
to seroconvert and more likely to serorevert,
reflecting the 5:1 ratio of POTS affecting
women to men (2). Additionally, elevated
levels of inflammatory markers have been
observed in POTS patients (13), which
aligns with the increased levels of IL-1,
IL-6, TNF, and IP10 observed in LCS pa-
tients (2). Another finding is the association
between the downregulation of circulating
proprotein convertases subtilisin/kexin type
(PCSK)-3, 1i.e., proconvertase furin and
POTS, with proconvertase furin having a
proteolytic function for cytokines and chem-
okines such as anti-inflammatory transform-
ing growth factor (TGF)-1 and secreted
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TNF-family receptors (7). Another study of
34 POTS patients showed increased plasma
concentration of IL1[3, IL21, TNFa, INFy,
and CD30, which are immune markers of the
innate immune response, that could point at
T-cell mediated autoantibody secretion (15)
(16), which is in line with the observed in-
crease of CD4" T cells in LCS patients (2).
Furthermore, a pilot study by the same group
found elevated IL-1 family cytokines IL-1[3
and IL-18 levels in POTS patients (16). In-
terestingly, POTS is associated with platelet
delta  granule storage pool-deficient
(0-SPD), which could develop as a conse-
quence of chronic inflammation seen in
these patients and result in symptoms such
as easy bruising, epistaxis, heavy menstrual
bleeding in women (15). Moreover, case-
control study of plasma proteomic profiling
in POTS patients revealed significant upreg-
ulation of glycoproteins 1B (GP1BA and
GP1BB), filamin A (FLNA), Tubulin beta-1
(TUBB1), Integrin-linked kinase (ILK),
beta-parvin (PARVB), beta-2-microglobulin
(B2M), myosin light chain 1/3, skeletal mus-
cle isoform (MYL1), myosin regulatory
light chain 12B (MYL12B) and downregu-
lation of Cartilage oligomeric matrix protein
(COMP), Thrombospondin-4 (TSP-4), WD
repeat-containing protein 1 (WDRI1) and
Lumican (LUM) is observed in POTS pa-
tients (17). GPIBA/GP1BB, FLNA have a
role in platelet aggregation and activation,
whereas COMP inhibits these functions
(17). ILK, PARVB, and TSP-4 play a role in
the regulation of cardiac contractility, with
ILK and TSP-4 being further involved in
processes of hypertrophy and remodeling.
B2M is part of the major histocompatibility
complex class I (MHC 1) and is associated
with inflammation. LUM is involved in the
promotion of innate immunity and is hypoth-
esized that its downregulation leads to im-
paired immune response (17). Myosin light



chain 1/3, skeletal muscle isoform (MYL1)
is expressed on fast-twitch (type II) skeletal
muscle fibers and has a role in myogenesis.
Impaired regulation of this process leads to
deconditioning like-changes such as de-
creased muscle mass, which set the ground
for deconditioning (17) — recall a finding in
POTS patients is lower BMI as well as de-
conditioning. Myosin regulatory light chain
12B (MYL12B) initiates the polymerization
of vascular smooth muscle, which could re-
late to increased adrenergic activity in POTS
(17). COMP downregulation may result in
defective hemostasis and thrombosis (17).
Furthermore, an interesting finding is that
POTS patients have higher plasma levels of
growth hormone (GH). Higher GH may be
due to disruption of the secretory pathways
of GH caused by elevated inflammatory cy-
tokines. TNF-alpha and IL-1 are known to
cause IGF-1 resistance, hence higher GH
levels, which may explain lower BMI among
POTS patients, having in mind the stimula-
tory effect of GH on lipolysis. Additionally,
ocreotide which is used to treat hypersoma-
totropism in acromegaly by inhibition of
GH, is shown to be an effective treatment of
POTS by its inhibitory effect on splanchnic
pooling (18).

POTS can be caused by vaccination (19),
which is in line with a finding that COVID-
19-vaccinated individuals had higher odds
for POTS diagnosis than referent conven-
tional primary care diagnoses, nevertheless
still lower odds than diagnosis after SARS-
CoV-2 infection (20).

All aforementioned findings suggest au-
toimmunity could be a key mechanism in
Post-COVID POTS.

On the other hand, another proposed
mechanism 1is cellular toxicity by the virus.
Upon entering cells through the angiotensin-
converting enzyme 2 receptor (ACE-2) caus-
ing structural damage is done to multiple
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organ systems including cardiovascular, pul-
monary, kidney systems, etc ultimately re-
sulting in tachycardia (8). This may be due
to RAAS dysregulation, hyperinflammation,
and hypercoagulability with thrombosis (8).
Furthermore, the spike protein is thought to
cause neurotoxicity through endothelial
damage, autoimmunity mechanisms, or neu-
roinflammation, which could explain some
symptoms of POTS such as chronic fatigue
and brain fog (8).

Similarly, SARS-CoV-2 can invade the
central nervous system (CNS) and auto-
nomic nervous system (ANS) through direct
and indirect pathways. Direct CNS and ANS
invasion occurs through the olfactory nerve,
neuronal pathways, blood circulation, and
angiotensin-converting enzyme 2 in the
brainstem. Indirect invasion of ANS occurs
through the enteric nervous system and its
sympathetic afferents following a gastroin-
testinal tract (GIT) infection (8). Tradition-
ally, POTS is thought to be a dysautonomia,
with 50% of patients exhibiting small fiber
neuropathy on quantitative sudomotor axon
reflex test (QSART), although evidence of
central involvement exists (21). Moreover,
higher total choline and myoinositol were
present on magnetic resonance (MR) spec-
troscopy in the dorsal medulla, where cardi-
ovascular and breathing centers are located,
in adolescents with POTS, syncope, and or-
thostatic hypotension which suggests the
presence of neuroinflammation (21). Fur-
thermore, there is evidence of cardiovagal
and central baroreflex damage in two pa-
tients with LCS suggesting the involvement
of the ANS and CNS due to these reflexes
centers being located in the dorsal medulla
(22), as well as the presence of SARS-CoV-
2 and spike proteins in 33 deceased COVID
patients there and the olfactory mucosal-
neuronal junction (8). What’s more, brain
MRI showed lower white matter volume in a



couple of locations including the precentral
gyrus and paracentral lobule, right pre- and
post-central gyrus, paracentral lobule, and
superior frontal gyrus in POTS patients in
addition to a significant negative correlation
between left insula volume and trait anxiety
and depression scores (21).

Deconditioning is also discussed as a po-
tential mechanism. Effects of the acute in-
fection and LCS are thought to induce de-
conditioning due to excessive bed rest, night
sweats, fever, and nausea (8), (23) resulting
in reduced exercise capacity and physical in-
tolerance. An interesting finding in POTS
patients is reduced myoglobin levels which
may be a result of immobilization and lim-
ited physical activity (18). Aforediscussed
biomarkers may play a role as well. Further-
more, patients with POTS had smaller hearts
coupled with reduced blood volume com-
pared with healthy controls, leading to the
authors proposing the name “Grinch syn-
drome” as a reference to the main character
in the famous children’s movie “How the
Grinch Stole Christmas!”, who had a heart
that was two times smaller.

Finally, fear conditioning is proposed as
well. POTS patients have higher somatic
vigilance, more pronounced anticipatory
tachycardia right before tilt testing, faster
heart rate when standing, higher plasma cat-
echolamine levels, and an indication of cer-
ebral hypoperfusion compared to controls
(24). Furthermore, POTS patients have
lower cerebral tissue oxygen saturation
(SctO2) during tilt testing compared to con-
trols and interestingly OI symptoms are not
directly related to lower upright SctO2 val-
ues (25). The effect of pandemic stress on
somatic symptoms should be taken into con-
sideration. Although psychic component can
be present, POTS should not be misdiag-
nosed as a primary psychiatric disorder.
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Conclusion

POTS and Post-COVID POTS are multi-
factorial disorders of the autonomic nervous
system that reduce a patient’s life quality.
Autoimmunity following acute infection
with SARS-CoV-2, cellular toxicity by the
viral spike protein, neuroinvasion, LCS
symptoms and fear conditioning are ex-
plored as potential mechanisms with further
research needed to decipher the unknowns
around POTS.
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Insomnia — the False Face of Two of the Most Common

Sleep Disorders — 2 Case Studies
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Introduction: Despite the epidemiological inconsistencies reported for insomnia, the available data sug-
gests a pronounced socially significant impact of this sleep disorder. Here we present two clinical cases,
which exemplify insomnia as a leading symptom which can mask other underlying sleep disturbances.
Aim: The objective of this article is to illustrate the necessity of an integrative approach to the assessment
of a patient with the complaint of insomnia. Materials and methods: Both clinical cases involve patients,
whose main complaint was reported as their perception of a decreased quality and quantity of sleep. Patient
interviews and physical examinations raised suspicion of concurrent sleep disorders. Full poly-
somnographic studies (PSG) were performed, and patients were instructed to fill in sleep diaries. Conse-
quently, patient 1 was referred for cardiological examination and patient 2 for additional blood tests. Re-
sults and discussion: The PSG results revealed the presence of obstructive sleep apnea in patient 1 and
restless legs syndrome — in patient 2. These conditions are long acknowledged to cause secondary insomnia.
Nonetheless, the current consensuses for the recognition of insomnia do not require obligatory PSG, which
can hinder the diagnostic process. Failure to recognize underlying sleep disorders could lead to inappropri-
ate treatment of insomnia. In addition, the latter can aggravate the condition. Conclusion: Currently there
exists controversy in the classification of insomnia, hence the uncertainty in the approach to these patients.
We hope that these clinical cases will accentuate the importance of comprehensive evaluation of these
patients and will demonstrate the advantages of PSG.

Keywords: SLEEP, INSOMNIA, OSA, RLS

Introduction

Chronic insomnia disorder (CID) is de-
fined as a sleep disorder characterized by
difficulty in initiation or maintenance of
sleep and/or decreased sleep duration, asso-
ciated with daytime dysfunction, that last for
a minimum of 3 months with symptoms oc-
curring at least 3 nights a week!. It is further
classified as primary, when there is no ap-
parent psychiatric/medical condition or sub-
stance use/abuse causing it, or secondary'.
Insomnia also appears to be the major symp-
tom of many sleep disorders, which can fur-
ther obscure their diagnosis and impede the
appropriate treatment. This often results in
further exacerbation of the underlying dis-
ease and the insomnia itself, creating a vi-
cious cycle.

In the following clinical cases 2 of the
most common such disorders are presented
and namely — obstructive sleep apnea (OSA)
and restless legs syndrome (RLS). OSA is
characterized by episodes of hypopnea or
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apnea during sleep, associated with an
arousal and a > 3% oxygen desaturation'.
RLS — a sleep related movement disorder,
causes paresthesias in the lower limbs at
nighttime, that are relieved with moving of
the legs'. Both of these diseases could pre-
sent with insomnia as a main symptom.

Case presentation

Patient 1, a 36-year-old male, was re-
ferred to the Sleep Laboratory at the Depart-
ment of Pathophysiology, Medical Univer-
sity of Plovdiv. He reported difficulties fall-
ing asleep and frequent awakenings over the
past 2 years, attributing them to work-related
stress, anxiety, and the COVID pandemic.
The patient also experienced loud snoring
and daytime sleepiness. At the time of exam-
ination, he was being treated with Hedonin
and Melatonin. Hedonin helped him fall
asleep faster, but it had no impact on sleep
consolidation. The patient had no accompa-
nying diseases and was in good general con-
dition, with a BMI of 29.3.



Before undergoing polysomnography
(PSG), the patient maintained a standard
sleep diary for 14 days. The diary revealed
relatively good sleep hygiene, with con-
sistent bedtime between 22:00-23:00 and
wake-up time at 7:00 during weekdays. On
weekends, the patient would delay waking
up by an hour. Interestingly, there was no
discernible pattern of a good-night's sleep
following a poor night's sleep, which was
also reported by the patient. Analysis of the
sleep diary showed a prolonged mean sleep
latency of 75 minutes and decreased sleep
efficiency of 66%.

The most important results from the sub-
sequent PSG are presented on Table 1.

Further assessment revealed reduced TST
and sleep efficiency, high WASO, elevated
PLMS index, and decreased N3 sleep stage.
Additionally, an increase in AHI, ODI, and
an average desaturation drop of 3.7% sug-
gested a diagnosis of moderate obstructive
sleep apnea (OSA)'. The patient's

Table 1. Main polysomnographic data

complaints of insomnia were considered sec-
ondary to OSA.

The treatment approach involved discon-
tinuing Hedonin and initiating continuous
positive airway pressure (CPAP) therapy,
along with providing detailed guidance on
maintaining good sleep hygiene. Initially,
the patient responded well to CPAP therapy,
showing significant improvements in sleep
maintenance, with over 4 hours of device us-
age and a notable reduction in AHI to 1.1.
However, the patient discontinued CPAP
treatment after three days, resulting in a re-
currence of trouble falling asleep.

Subsequently, an electric cranial stimula-
tion device (DAVID Delight Pro) was pre-
scribed as a non-invasive method to enhance
sleep quality and promote relaxation. The
patient used the device regularly for three
months, which positively impacted his anxi-
ety levels but did not noticeably improve
sleep quality. Despite his current condition,
the patient continues to refuse CPAP therapy.

Patient 1 Patient 2
TST 6 h 13 min 4 h 55 min
Sleep efficiency 77.4% 58.4%
Arousal index in TST 16.7/h (Respiratory — 5.6/h) 40.6/h (Respiratory — 9.3/h, PLM — 19.9/h)
AHI 21.2 11.0
ODI 19.8 9.7
WASO 97.5 min 113 min
Sleep Latency 11.3 min 97.9 min
PLMS Index 11.9/h 39.5./h
N3 33% 8.5%
REM 23.2% 17.4%
Average desaturation drop 3.7% 3.3%

Legend: TST — total sleep time, AHI — apnea hypopnea index, ODI — oxygen desaturation index, WASO — wake

after sleep onset, PLMS — periodic limb movements



Patient 2, a 76-year-old male, reported in-
somnia that began 10 years ago following a
stressful experience. The insomnia was not
influenced by seasonal change, sleeping in a
new environment or sleep quality from the
previous night. He struggled with difficulty
falling asleep, frequent awakenings, and
daytime sleepiness. Nocturia was present,
but there were no night sweats, snoring, or
sleep apnea. The patient preferred sleeping
with his head elevated and had no leg edema.
After being prescribed Hedonin 25 mg, he
started experiencing unpleasant leg sensa-
tions and an urge to move and massage his
legs in the evening. Additional medications,
including Remirta, Pregabalin, and others,
provided little relief for the insomnia with
Remirta additionally aggravating the RLS.
Comorbid conditions include arterial Hyper-
tension treated with Doxazozin 4 mg, Rox-
iper 2.5 mg, Cordaron and gout for which he
took Milurit.

The patient has a BMI of 34.2 which falls
in the obesity range. PSG revealed reduced
TST, sleep efficiency, and increased WASO,
indicating insomnia. A high arousal index
due to PLM suggested RLS', which was sup-
ported by a decrease in N3 sleep®. Addition-
ally, indicators of OSA — increased AHI and
ODI*, were present. Iron levels were in the
normal range.

Treatment involved discontinuing He-
donin and increasing the dosage of Pregaba-
lin to 150 mg, which provided some relief
for the leg sensations. However, the im-
provement in insomnia symtpoms was insuf-
ficient. Subsequently, the Pregabalin dosage
was further increased to 225 mg. While the
paresthesias in the lower limbs were suc-
cessfully treated, the insomnia persisted. As
an additional approach, an electric cranial
stimulation device (DAVID Delight Pro)
was introduced. After two weeks of therapy,
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the patient reported partial but significant al-
leviation of insomnia. Although early morn-
ing awakening remained a discomfort, the
patient acknowledged feeling and function-
ing better overall.

Discussion

Both patients are examples of insomnia as
an accompanying or secondary illness in the
context of another sleep disorder. Patient 1
corresponds to the diagnosis of secondary
insomnia due to OSA or post-COVID in-
somnia further exacerbated by OSA. Patient
2 exhibits characteristics of primary insom-
nia that has been exacerbated by RLS, fol-
lowing incorrect therapy with Hedonin.

In the first patient’s case COVID could
have played a dual role in the pathogenesis
of insomnia. On one hand the COVID pan-
demic has been linked to higher levels of
stress and more frequent occurrence of
symptoms of anxiety and depression which
could possibly lead to insomnia®. That is also
evident in the patient’s history as he at-
tributed the beginning of insomnia symp-
toms to anxiety related to work and the
COVID pandemic.

On the other hand, infection with SARS-
CoV-2 has been associated with the devel-
opment of insomnia through various mecha-
nisms, such as the systemic inflammatory re-
sponse known as the “cytokine storm”. This
response is characterized by elevated levels
of Interleukin 1 beta and TNF alpha, which
have been shown to decrease GABA levels
and the count of its receptors. GABA is the
major inhibiting signaling molecule in the
CNS and therefore plays a crucial role in
sleep induction. Consequently, low GABA
levels could explain the COVID induced in-
somnia,*>$

The patient’s insomnia could have played
a major role in his weight gain as reduced



sleep duration stimulates hunger and food
intake thus overcompensating for the in-
creased energy expenditure during the ex-
tended wakefulness period’. Reward mecha-
nisms are supposedly involved with evi-
dence of increased levels of two endocanna-
binoids — 2-arachidonoylglycerol (2-AG)
and its structural analog 2-oleoylglycerol (2-
OG), which play a role in appetite control’.
Increased BMI is the major risk factor for de-
veloping OSA with approximately 60% of
moderate to severe OSA being attributed to
obesity!. The pathogenic mechanism in-
volves narrowing of the upper airways (in
overweight and obese patients — due to adi-
pose tissue deposition) which causes in-
creased resistance of the UA and conse-
quently additional work for the pharyngeal
muscles that open the UA during inspiration.
During sleep muscle tone decreases and the
UA collapse periodically, partially or fully,
causing hypopneas/apneas which lead to re-
duced PO2 and increased PCO2 and then to
arousal for the UA to reopen’. These arous-
als result in inefficient and nonrestorative
sleep and insomnia.

Irrespective of the exact mechanism of in-
volvement of OSA in the pathogenesis of in-
somnia in the patient (primary cause or an
aggravating factor later in its progression),
the treatment of the OSA is crucial for the
managing of the insomnia symptoms. The
cortical arousals secondary to the breathing
disturbances are well known to disrupt sig-
nificantly sleep architecture and, in some pa-
tients, may lead to difficulties in sleep
maintenance and secondary insomnia’.

With the second patient an emphasis
should be put on the therapy with Hedonin
(quetiapine) which is an atypical antipsy-
chotic that acts as a dopamine, serotonin and
adrenergic antagonist, as well as an H1 re-
ceptor antagonist. Histamine binding to H1
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receptors has been shown to cause depolari-
zation in human cortical neurons thus in-
creasing cortical arousal and promoting
wakefulness, while H1 blockade induces se-
dation®. In contrast to other H1 antagonists,
which show some efficacy in increasing
quality of sleep, quetiapine has been shown
to be ineffective in the treatment of insom-
nia’. Furthermore, because of its antidopa-
minergic effect it plays a crucial role in the
exacerbation of RLS as is the case with Pa-
tient 2. One of the main hypotheses for the
etiology of RLS is that it is a consequence of
reduced postsynaptic responsiveness to do-
pamine which suffices throughout the day
but with the physiological circadian drop in
dopamine secretion at nighttime leads to the
expression of RLS. This reduced postsynap-
tic response compensates for the increased
presynaptic activity in individuals with de-
creased membrane-bound DAT (dopamine
transporter) and striatal D2 receptors, which
coupled with the dopamine antagonism of
quetiapine further exacerbate the condition’.
Additionally, since RLS may be secondary
to Fe deficiency, it was important to exclude
such a condition’. The presence of RLS for a
significant period after cessation of Hedonin
indicates the necessity to treat it pharmaco-
logically according to the guideline which,
as evident in the second clinical case, has a
positive impact on the insomnia symptoms
as well.

Conclusion

Insomnia presents a significant diagnostic
and therapeutic challenge in modern medical
practice, owing to its multifaceted nature as
both a symptom and a distinct disorder. Ac-
curately discerning between these two di-
mensions is paramount for the effective
management of both insomnia and its under-
lying etiology.
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Hepatosplenic fungal infection (HSF) is a distinct form of invasive fungal infection with main involvement
of the liver, spleen, and occasionally the kidney. It’s a condition most commonly observed in children with
malignant hematologic diseases or immunosuppression. We report a case of a 7-year-old girl who first
presented with fever of 39.5°C to her GP. After watchful waiting for 2 days with no improvement the GP
started her on Amoxiclav. The fever persisted and thus Clarithromycin was started, again with no improve-
ment in the next 4 days which led to her hospitalization in the Paediatric Clinic of UMHAT “Saint George”.
Different laboratory and imaging studies were done. An abdominal ultrasound showed multiple round hy-
poechogenic lesions in the spleen which were confirmed with a CT scan. The patient was switched to triple
therapy with Metronidazole, Targocid and Fluconazole. This led to an afebrile period of 5 days after which
she was again febrile with night sweats, simultaneously new lesions were found in the liver. Serum Total
Candida antibodies came positive and she was started on Voriconazol, with good therapeutic effect. She
remained permanently afebrile, the splenic and hepatic lesions gradually reduced and disappeared over a
period of four months. Cat scratch disease, Visceral larva migrans, Toxoplasmosis, infective endocarditis,
vasculitis and primary immune deficiency were excluded. This report shows a very unusual case of HSF.
Being that rare especially in a generally healthy child makes it important for clinicians to recognize the

condition and treat it properly.

Keywords: Hepatosplenic fungal infection, splenic and hepatic lesions, fever of unknown origin

Introduction

Hepatosplenic fungal infection (HSF) is
recognized as a distinct form of chronic dis-
seminated fungal infection with main in-
volvement of the liver, spleen, and occasion-
ally the kidneys. The condition is seen
mainly in patients with hematologic malig-
nancies especially acute leukemias. The ex-
act pathogenesis is unknown, but studies
have shown that invasive candidiasis is re-
lated to intestinal colonization, host defense
at the mucosa and intestinal mucosal dam-
age. That leads to blood invasion and fungi
reaching the portal splenic bloodstream,
forming small abscesses in the liver and/or
spleen.

Case study

History

Our case entails a previously healthy 7-
year-old girl without any comorbidities,
from a normal pregnancy with normal
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development to this point. She is fully vac-
cinated without any side reactions reported.

Patient has a history of typical infections
for the age group, she is not an often-sickly
child, recurring eczema for the past 2 years,
treated with topical corticosteroids and anti-
histamines. She has a clinically healthy
younger sister.

It was reported that the patient had con-
tact with a domestic cat, dogs, a rabbit, and
chicken. Around a week before the symp-
toms occurred, she was scratched by a cat.

The patient presented a fever of 39,5 to
her GP. Other symptoms were not reported.
After watchful waiting for 2 days she was
started on Amoxiclav, but the fever per-
sisted, thus she was examined at the Pediat-
ric Emergency Department where Clarithro-
mycin was started because of elevated pro
inflammatory markers. After 4 days without
improvement, the patient was hospitalized in
the Pediatric Clinic of UMHAT “St. George”.



Examination and laboratory results

Physical examination was unremarkable.

Laboratory results showed leukocytosis
and thrombocytosis. ESR, CRP, LDH and
uric acid were also elevated. Serum IgE was
elevated up to 500 U/l. Candida antibodies
were tested and came back positive with titer
> 1:320. Bartonella hensalae IgG and IgM
were also tested IgM <1:100, IgG 1:640.
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CRP

ESR on the first day of hospitalization
was 37 mm/h and 43 mm/h when the patient
was discharged.

Cell mediated immunity test was done,
showing normal T-lymphocyte count with
lowered subpopulation of suppressor and cy-
totoxic T cells. The percentage of Central
memory T cells was elevated, whilst CD8+T
cells were also lowered. B-lymphocytes
were in reference ranges with elevated naive
and lowered non-switched memory B-cells.
NK cells were in reference range. Regula-
tory T-cells and Th17 cells percentages were
elevated. CD15 and CD18 adhesion markers
were present on the respective cell popula-
tions.

Phagocytic population — lower-bound ox-
idative burst.

Imaging studies

Abdominal ultrasound showed the pres-
ence of two hypoechogenic lesions — one
7 mm and one 1 cm. On CT it was confirmed
that cystic lesions in the spleen were present
and there was no splenomegaly. After 9 days
on a new abdominal echography the splenial
lesions were increased in number with cen-
tral decay. In progression, another 8 days
later again on abdominal US new lesions
were discovered this time in the liver. A cou-
ple of new formations were seen again on the
next day — they were hypoechogenic, heter-
ogenic, size was around 6 mm in IV, V, VI
hepatic segments.
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Figure 1. Ultrasound images showing hy-
poechoic, heterogenous lesions with central decay
/Bull’s eye/ in the liver and spleen of the patient.

Treatment

Treatment was initially with Ceftriaxon,
later on Metronidazol, Targocid, Fluconazol
and Bi-Septol were added. After new fever
peak the therapy was changed once again
with Meronem and Vfend /Voriconasole/.
After four month course with the latter
splenic and hepatic lesions gradually re-
duced and disappeared.

Figure 2. CT scan showing hypoechoic lesions
in the spleen.



Discussion

Hepatosplenic fungal infection was first
described by Bodey et al. in 1969. It oc-
curred almost exclusively in individuals with
impaired host defense mechanisms, espe-
cially in patients with hemato-oncologic ma-
lignancy undergoing antineoplastic chemo-
therapy, and may occur in patients with
chronic granulomatous diseases, Crohn’s
disease, diabetes mellitus, and patients re-
ceiving corticosteroid therapy. The inci-
dence of HSF ranged from 3% to 29.1% in
patients with hematologic malignancy un-
dergoing chemotherapy or hematopoietic
stem cell transplantation. Some cases had
been reported in children since 1980s, but
the incidence of HSF in pediatric patient re-
mained unclear.

The revised criteria for invasive fungal
infection established by the European Or-
ganization for Research and Treatment of
Cancer/Mycoses were modified to fit all pe-
diatric groups as the following:

- Proven — defined when there was radi-
ologic evidence of fungal infection
with multiple focal lesions in the liver
and/or spleen and a specific diagnosis
of fungal infection was established by
the presence of fungi in deep-tissue bi-
opsy, or aspiration specimens by cul-
ture, histological examination, or pol-
ymerase chain reaction (PCR) result,
or blood culture;

- Probable — HSF was defined with typ-
ical imaging evidence and positive se-
rum fungal antigen test (serum galac-
tomannan test for Aspergillus spp);

- Possible — HSF was defined only with
typical imaging study evidence.

Considering the history, clinical presenta-
tion, laboratory and imaging studies we
made a differential diagnosis with: Cat
scratch disease, Visceral larva migrans, Tox-
oplasmosis, Infectious endocarditis, Vascu-
litis, Primary immunodeficiency.
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The constellation of fever, distinctive im-
aging findings /Bull’s eye/, high antibody ti-
ters against Candida, the full involution of
lesions in the liver and spleen after a course
of Voriconazole was started, it was decided
that the diagnosis is Hepatosplenic fungal in-
fection.

Literary references showed that invasive
fungal disease are practically not seen in
children with an intact immune system. Thus
tests on humoral and cell-mediated immun-
ity were ordered. The results showed lower-
bound oxidative burst and low levels of Cy-
totoxic T cells with a normal T-cell count,
suggesting an immune dysfunction. Further
studies are needed.

Conclusion

Hepatosplenic fungal infections are rare
in childhood and mostly overlooked as a
possible diagnosis, however their recogni-
tion and adequate treatment is crucial for the
patient’s outcome.

Bibliography

1. Yen, T. Y., Huang, L. M., Lee, P. I, Lu, C. Y.,
Shao, P. L., & Chang, L. Y. (2011, August). Clinical
characteristics of hepatosplenic fungal infection in
pediatric patients. Journal of Microbiology, Immu-
nology and  Infection, 44(4), 296-302.
https://doi.org/10.1016/j.jmii.2010.08.005

2. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA,
Edwards JE, Calandra T, Pappas PG, Maertens J,
Lortholary O, Kauffman CA, Denning DW, Patterson
TF, Maschmeyer G, Bille J, Dismukes WE, Herbrecht
R, Hope WW, Kibbler CC, Kullberg BJ, Marr KA,
Muiioz P, Odds FC, Perfect JR, Restrepo A, Ruhnke
M, Segal BH, Sobel JD, Sorrell TC, Viscoli C,
Wingard JR, Zaoutis T, Bennett JE; European Organ-
ization for Research and Treatment of Cancer/Inva-
sive Fungal Infections Cooperative Group; National
Institute of Allergy and Infectious Diseases Mycoses
Study Group (EORTC/MSG) Consensus Group. Re-
vised definitions of invasive fungal disease from the
European Organization for Research and Treatment
of Cancer/Invasive Fungal Infections Cooperative
Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG)
Consensus  Group. Clin Infect Dis. 2008 Jun
15;46(12):1813-21. doi: 10.1086/588660. PMID:
18462102; PMCID: PMC2671227.



3. Aspasia Katragkou, Brian T Fisher, Andreas H Corresponding author

Groll, Emmanuel Roilides, Thomas J Walsh, Diag- Diyana Najar

nostic Imaging and Invasive Fungal Diseases in Chil- Phone number: 0895193100

dren, Journal of the Pediatric Infectious Diseases So- Address: Elin Pelin 14, Plovdiv, Bulgaria
ciety, Volume 6, Issue suppl 1, September 2017, Email: diyanax9199@gmail.com

Pages S22—-S31, https://doi.org/10.1093/jpids/pix055

47



Application of User-Friendly 3D Printing for Customized
Products in Various Medical Fields

Bozhidar Balabanov', Ivana Gerdzhikova', Tsenka Grancharova

1. Faculty of Medicine, Medical University of Plovdiv

2,3

2. Department of Medical Physics and Biophysics, Faculty of Pharmacy, Medical University of Plovdiv

3. Research Institute at Medical University of Plovdiv

Introduction: 3D printing has revolutionized the field of medicine in various ways. Additive manufactur-
ing allows patient-specific models of anatomical structures to be created such as tools for pre-operative
surgical practices. This has the potential to reduce the risks associated with invasive procedures. 3D printing
also can be used to create customized implants and prosthetics that are tailored to the patient's individual
needs. InVesalius is a free open-source software package for medical image processing and 3D visualiza-
tion. The program enables users to import and process medical imaging data, creating highly accurate and
detailed 3D models of internal structures. Its advanced features and user-friendly interface make it a re-
source of significant importance in the medical field. Aim: Production of patient-specific, sterilizable low-
cost 3D printed products with a user-friendly process, suitable for scientific, clinical, educational, and sur-
gical needs. Materials and methods: FDM 3D Printer Creality Ender 3 S1 Pro, polylactic acid (PLA),
InVesalius software, Meshmixer software, MRI and CT scans from open-access online medical image sites.
Results and discussion: After checking references, we chose PLA as a suitable polymer for our aim due
to its low cost, ease of manufacturing, and sterilizability. The MRI and CT DICOM files used in this study
were obtained from open-access medical image sites. With the already-mentioned software, we processed
the image data and fabricated 3D models for a wide range of medical applications. Conclusion: InVesalius
allows medical imaging data to be imported, edited and exported as 3D models in a variety of formats for

use in surgical planning, education purposes and research.
Keywords: 3D printing, surgical planning models, patient-specific implants

1. Introduction

From patient-specific anatomical models
and implants to 3D bioprinting of human or-
gans, 3D printing has enabled several new
possibilities for personalized medicine and
greatly improved patient outcomes. One of
the main advantages of 3D printing in medi-
cine is the ability to create customized pros-
theses and implants' that perfectly match the
unique anatomical characteristics of the in-
dividual patients. The high cost of medical
3D printers has restricted their extensive in
healthcare. As a result, many research teams
have been working to adapt low-cost “entry-
level” 3D printers for medical purposes,
seeking to make the technology more acces-
sible. In a study by Osti et al.?, researchers
explored the potential of this technology to
produce low-cost, sterilizable bone models,
suitable for clinical use in hospitals with lim-
ited resources. Through an in-house, user-
friendly process, they were able to produce
patient-specific 3D-printed products at a cost
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of approximately 130 euros per model.
These results demonstrate the potential of
3D printing to improve healthcare outcomes
and reduce costs, particularly in regions with
limited access to traditional medical technol-
ogies.

Another important application of 3D
printing in medicine is in surgical planning.
By creating patient-specific 3D-printed
models of organs, bones, or tumours, sur-
geons can plan and practice complex surger-
ies before operating on the patient. This ap-
proach helps reduce surgical risks, shorten
operation times, and improve surgical out-
comes. By leveraging the benefits of 3D
printing, surgeons can enhance their skills,
optimize their procedures, and ultimately
improve the quality of care they provide to
their patients. Lau et al.> reported that there
is no difference between the accuracy of
low-cost patient-specific 3D-printed models
of congenital heart diseases (CHD) and
costly 3D-printed models.



3D printing may play a significant role in
medical education. Medical students and
residents can use these models to learn and
practice complex anatomical structures, en-
hancing their understanding and skills. Ai-
Min Wu et al.* showed that a 3D-printed
model may improve medical students’ un-
derstanding of bone spatial anatomy and
fractures in some anatomically complex sites
and may improve student satisfaction in
medical education.

User-friendly 3D printing refers to the
ease and accessibility of utilizing this inno-
vative technology for a wide range of users,
regardless of their level of expertise or tech-
nical background. In our work, user-friendly
3D printing refers to low-cost hardware with
the ability for easy modification and free
software with a simple and intuitive user in-
terface.

The aim of our work was the making of
patient-specific and low-cost 3D printed
products by user-friendly process, for scien-
tific, clinical, educational, and surgical
needs.

2. Materials and methods

Software: InVesalius 3.1.1; Meshmixer 3.5

3D printer: Fused deposition modelling
(FDM) 3D Printer Creality Ender 3 S1 Pro

Filaments: Polylactic acid (PLA); Poly-
ethylene terephthalate glycol (PETG)

Models: The anatomical structures of in-
terest in CT scans or MRI scan were soft-
ware-based isolated. The scans are obtained
from open-access online medical image
sites. The selection was converted into an
STL file and optimized. The final 3D model
was then exported into a .gcode file format
and printed.

3D Printing: The nozzle diameter was
0.4 mm; Extrusion temperature was 210°C
for PLA and 245°C for PETG; Heated bed
required; Printing speed of 70 mm/s.
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3. Results and discussion

The CT data from an open-access online
medical image library was obtained for the
design of 3D-printed models. InVesalius
was used for the conversion of Dicom files,
which is a standard format used for storing
and transmitting medical images, into STL
files. Meshmixer was then utilized to opti-
mize, modify, and repair the initial STL
files. With the software, we were able to im-
prove our model mesh by filling holes,
smoothing the surface, and cutting the 3D
model (Fig. 1).

s | I Slicing
oicom of Tit
ile S
Converting 1 y »Repair
to 5TL

Figure 1. Process of 3D printing of medical
models

3.1. Bone models

For the bone model (Fig. 2) we used a CT
scan from anonymized public X-ray da-
tasets. Depending on the complexity of the
model, the meshing process took about 0.5
to 2 hours. The price of the used PLA fila-
ment was 45 lv/kg, and depending on the
size of the model, the cost of the models var-
ied from 2 to 9 lv per model. In cases where
one side of the body is healthy and the other
side is affected, such as in unilateral injuries,
the healthy side can serve as a template for
3D printing the missing part. By mirroring
the healthy side, a symmetrical model can be
designed and printed. To verify the accuracy
of the 3D-printed medical models, a com-
mon method is positioning a measuring ball
at points near the model and measuring the
distance between these balls after the print-
ing process.



3.2. Education models

Compared to cadaver anatomy models,
3D printed models do not use hazardous
preservation chemicals and do not decom-
pose easily. Unfortunately, these models are
expensive, but some of them can be printed
by entry-level 3D printers. As an example of
an education model, we selected the Circle
of Willis. CT scan was obtained to create the
bone part and a STL file from an open med-
ical library was used for the arteries (Fig. 3).

3.3. Surgery models

As an example of a surgery model, we
chose a model of a heart (Fig. 4) from NIH
3D. USA National Institute of Health 3D is
an open portal to download, share, and create

bioscientific and medical 3D models for 3D
printing and interactive 3D visualization.
The library provides models with various
diseases, helping scientists understand com-
plex medical issues. To reduce stringing
caused by the complexity of heart models,
we increased the retraction speed of the
printing of used PETG filament.

3.4. Other applications

3D printing can be used for the creation
of other personalized devices such as masks,
anti-snoring devices, etc. In addition, it ena-
bles the creation of highly customized labor-
atory tools that can be tailored to specific ex-
perimental needs, including sample holders,
racks, microfluidic devices, etc.

Figure 2. Process of printing of bone model.

Figure 3. The process of printing the Circle of Willis.
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Figure 4. Printing of heart model.

4. Conclusion

With advancements in technology and the
availability of open-source software, 3D
printing has become more accessible and af-
fordable for smaller centres and hospitals
with limited resources. The use of low-cost
3D printing models in medicine has opened
a wide range of new possibilities for medical
education, surgical planning, and personal-
ized medical devices. With the aid of CT,
MRI and specific software, it is possible to
reconstruct and produce a personalized
model through 3D printing. As technology
continues to advance, a more accessible and
affordable use of 3D printing is expected for
medical and educational purposes in the
field of medicine.
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The first seven years from our life are extremely important from a personal and psychosocial point of view,
because this is the main character-defining period. Here comes the question why we remember almost
nothing of that time. The phenomenon in which adults cannot recover their memories from earliest child-
hood is known as infantile amnesia (or childhood amnesia when we talk about children between 3 and 7
years). The purpose of my review is to identify the main suspected reasons for this condition. The methods
that the authors of the original articles use to study infants are consisted of baby’s limited motor and verbal
abilities. The experimental procedures include visual recognition memory (VRM) methods, operant condi-
tioning paradigms and delayed imitation paradigms. For children are used interviews and fMRI, that allows
to study the brain connectivity. All experiments confirm the fact that babies can memorize information
even before birth, therefore the memories are not simply disappeared, but the processes related to long-term
storage or reproduction of the memories are changed or disturbed. Maturation of the brain and the reorgan-
ization of its structures stand out as a possible cause. Role in the infantile amnesia have the hippocampus
and the cerebral cortex, especially the dentate gyrus. Changes at the neuronal level, the emergence of the
self-concept and the acquisition of new knowledge and skills by children also have a connection with the
psychosocial development. The infantile amnesia appears to be caused by a combination of factors that are

still not fully understood.

Keywords: infantile amnesia, memory development, childhood memories, hippocampus, cerebral cortex

Introduction

The character determines what is our be-
havior in society when we interact with other
people. It is formed throughout our life un-
der the influence of the environment and the
upbringing, but the childhood remains the
main defining period. Then here comes the
question of why, since the first seven years
are so important from a personal and psycho-
social point of view, we remember almost
nothing of them. The phenomenon in which
adults cannot recover their memories from
the earliest childhood — i.e. before 3—4 years
of age, is first described by psychologist
Caroline Miles in 1895 and is first defined
by Freud as infantile amnesia. He also cre-
ated the term childhood amnesia, which de-
scribes the loss of memories in later child-
hood. In this review, I will use the term in-
fantile amnesia, but it should be borne in
mind that the two terms are interchangeable
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and related, as they have the same etiology
and result — forgetting is present in both, but
in a different degree. Infantile amnesia is not
specific to humans, but also occurs in ani-
mals. Studies on mice of different ages shed
light on the neurobiological mechanisms of
the process. There is strong evidence that
both human and animal infants are capable
of remembering, therefore memories are not
simply lost, but the processes involved in
long-term storage or reproduction of what is
remembered have been altered or disrupted.
Autobiographical memories are affected.
According to Freud, they are inaccessible
because they are repressed — the mechanism
of repression prevents them from reaching
the conscious part of our mind, so we cannot
reproduce them. This theory is old and the
modern research rejects it. Maturation of the
brain and the reorganization of its structures
stand out as a possible cause. New studies



show that there are a number of other possi-
ble molecular and structural mechanisms on
the basis of infantile amnesia — a change in
the type of receptors that transmit signals in-
side cells, in intracellular receptors, in the
opioid and neuroendocrine systems. It be-
comes clear that this phenomenon is not a
single factor, but is probably due to a combi-
nation of changes.

Aim

The aim of this review is to shed light on
the infantile and child amnesia. What are the
main possible reasons and hypothesis, which
methods are used from the researchers to an-
swer these questions.

Methods

The review is written on the base of arti-
cles, found in the databases of Google
Scholar, PubMed, Science Direct, Wiley
Online Library and the help of Library and
Information Center of MU Plovdiv.

What methods are used from the

authors of the original articles?

The study of infantile amnesia is not an
easy task given the fact that the subjects are
infants and the methods of studying memory
in adults are not applicable to them. An ob-
stacle is the fact that the tasks set must be of
a non-verbal nature — the same problem is
present in animal studies. The limited motor
capabilities of children under 1 year and the
long-term nature of the studies further com-
plicate the process. However, already in the
1970s, scientists managed to prepare appro-
priate paradigms for the assessment of infan-
tile memory, which were improved and sup-
plemented in the following decades. The
used techniques are divided into three
groups: visual recognition memory para-
digms, operant conditioning paradigms and
delayed imitation paradigms.
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In 1958 Fantz and Berlyne developed
ways of investigating children's perceptions
that later became the basis of the two meth-
ods for assessing visual recognition memory
(VRM). In the first task, the time to look at a
new and a familiar stimulus in the form of a
visual stimulus is compared. In the second
so-called habituation task, a single stimulus
is presented many times until the infant's in-
terest in it wanes, then a new stimulus is pre-
sented, and the time to loss of interest is
measured again. Then the two times are
compared.

Through operant conditioning methods,
the ability to learn in the smallest represent-
atives of our species is investigated. This is
the paradigm for high-amplitude sucking -
upon reaching a certain speed and interval
between suckings, children receive a stimu-
lus in the form of a sound (Eimas, Siqueland,
Jusczyk, & Vigorito, 1971), visual (Siqueland
& DeLucia, 1969) or taste (Sameroft, 1965)
signal. A study by DeCasper and Fifer
(1980) tested 3-day-old infants who had to
suckle at a certain frequency in order to re-
produce their mother's voice — for example,
to decrease or increase the interval between
suckles. The results are impressive — even
though the children had a maximum of 12
hours of postnatal contact with their moth-
ers, they showed a marked preference for
their mothers' voices. In another outstanding
study by DeCasper and Spence (1986), preg-
nant women were asked to read the same text
to their unborn babies twice a day for 6
weeks prior to their due date. Three days af-
ter birth, the scientists gave the newborns the
opportunity, by changing the sucking speed,
to reproduce the paragraph read to them by
their mothers, or another text. The results are
clear, regardless of who reads the passage —
the mother or another woman — the babies
show a clear tendency to change their suck-
ing speed just to hear the familiar text in



front of others. Children who had not heard
these passages before birth had the same task
—no such dependence was observed in them.
No less interesting is the method of Mobile
conjugate reinforcement, which is also the
most widespread. For this purpose, a strap is
attached to the baby's leg, connected to a
stand with a mobile phone. When kicking,
the child moves the phone — reinforcement
period. Each session begins with a no-rein-
forcement period in which the bar is not con-
nected to the phone and movements remain
unrewarded. The paradigm was repeated
over a period of time, comparing kicking fre-
quencies in the non-reinforcement stages in
each session. For some babies, a periodic re-
minder before the session is also applied.

Imitation paradigms are based on the
tendency of babies to repeat the actions of
people from their environment.

Results and discussion

All these experiments confirm the already
known fact that babies have the ability to re-
member, it remains to clarify the question of
what causes infantile amnesia. Even before
birth, children have the necessary neural net-
works for perceiving, consolidating, storing
and retrieving information. However, the
memory system is not mature enough so they
cannot retain their memories for a long pe-
riod of time. According to scientists
(Josselyn & Frankland, 2012), the rapid de-
velopment of the nervous system in children
prevents the formation of long-term memo-
ries, one possible reason is the replacement
of synaptic connections in the memory cir-
cuits in the hippocampus.

The hippocampus appears to be critical
not only in adults, but also in childhood
memory. To clarify its role, researchers use
task-based or task-free functional magnetic
resonance imaging (fMRI). It is still a chal-
lenge to perform task-based fMRI with kids,
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because they should stay still for a certain
time during the scan. However such a study
with children up to 8 years of age investi-
gated which regions are activated when
making association-based memories. Acti-
vated are regions with increased activity in
adults and those, e.g. the orbital frontal gy-
rus, that are rare in more mature individuals.
This leads us to assume that children have a
wider or more distributed network for
memory encoding. Without assessing the
formation of memories in real time, task-free
fMRI succeeds by assessing the strength of
connectivity between regions to give us in-
formation about the integrity and maturity of
the memory system. An fMRI study exam-
ined the relationships between memory de-
tail and hippocampal size in children and
showed that better memory was observed
with larger hippocampal head volume in 6-
year-olds but not in 4-year-olds (Riggins,
Blankenship, Mulligan, Rice, & Redcay,
2015). This proves once again that child de-
velopment is a very dynamic process, in
which age-dependent variations must be
taken into account.

Another hippocampal structure directly
related to childhood amnesia is the anterior
dentate gyrus. A study shows the relation be-
tween the volume of the gyrus (CA2-4 sub-
fields), the age and the accuracy of memo-
ries in children — at an earlier age, smaller
sizes are associated with lower accuracy of
memories, and in older children, smaller di-
mensions are associated with more accurate
memories (Canada et al., 2018).

A research of the episodic memory of 4-
and 6-year-old children using the Children's
Memory Scale standardized test, an episodic
memory test and MRI shows that the micro-
structural state of the white brain matter
pathways between the left hippocampus and
IPL (inferior parietal lobe), and the right hip-
pocampus and IPL can predict what the



children's performance will be in the test
tasks. However, the question remains: what
is the mechanism of forgetting as a result of
hippocampal neurogenesis — whether it is a
question of failed retrieval or storage, has yet
to be established.

These changes at the neuronal level
should also be considered in relation to psy-
chosocial development and the acquisition
of new knowledge and skills by children.
This includes increasing the complexity of
thinking (categorical reasoning, perspective
taking, metamemory and strategy use; Piaget
& Inhelder, 1969), the development of lan-
guage, and the emergence of self-concept
(the awareness that things are happening to
me). Before the second year, children per-
ceive experiences in themselves. Only then
does the memory take on an autobiograph-
ical aspect. The emergence of the cognitive
self, which succeeds in uniting the memory
of experiences with self-awareness, is a key.
This process is also associated with increas-
ing the durability of memories. Various stud-
ies confirm that the earliest memories in
adults coincide with the emergence of the
cognitive self. The purpose of memory
changes — if younger children and babies do
not attach importance to details in events,
but extract general information, then for
older children the details become important.
Preschool classes and going to school play a
role in brain development and autobiograph-
ical memory.

A study proves that painful experiences
in the infantile period can influence the in-
fant's behavior during subsequent painful
experiences. The study consists of compar-
ing the pain response to routine vaccination
of two groups of male babies — circumcised
with and without local anesthesia. The study
showed that boys who were circumcised
without local anesthesia cried significantly
more and experienced greater physical and
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emotional distress from the vaccination.
However, it is unlikely that this experience
will pass into the autobiographical memory.
A recent idea is that forgetting is an adaptive
process.

Conclusion

Given all that has been said so far, it is
clear that behind infantile and childhood am-
nesia are many related processes. These are
phenomena that affect all people, processes
directly related to personality development,
mental health and even our social function-
ing as adults. The study of children's
memory is of great importance for a com-
plete and comprehensive understanding of
memory. One day, this knowledge could
help us develop programs that affect
memory formation and compensate for
childhood amnesia. And why not take it a
step further? What if one day, through the in-
formation about infantile amnesia and the
neuronal traces of memories, we manage to
influence this critical period for the for-
mation of the character and thus manage to
fight the childhood psychological traumas,
which have an impact throughout our lives?
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Atypical Formation of the Median Nerve in Fossa Axillaris.

Case Report

Zlatizara Todorova, Vyara Zaikova
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One of the main nerves in the innervation of the upper limb is the median nerve. The formation of the nerve
usually is anteromedial in front of the third part of the axillary artery. Every deviation of the position of the
nerve leads to changes in the normal anatomy of the fossa. Our team describes a case in which there is a
very distal fusion of the medial and lateral radixes which arise from the fascicules of the brachial plexus.
Similar formation and location of the median nerve could lead to difficulties in the diagnostic process in
this area. When performing different surgical procedures, clinical manipulations and physiotherapeutical
procedures it is vital to know exactly the normal and atypical morphologies of the median nerve.

Keywords: axillary, brachial, median nerve

Introduction

Median nerve is a branch of the brachial
plexus which originates from C5 to Thl. Its
trunks are located in the neck area in the in-
terscalene space. The three trunks of the bra-
chial plexus slightly above or behind the
clavicle are divided into anterior and poste-
rior subdivisions. They form three cords —
lateral, medial and posterior located around
the axillary artery. The median nerve is
formed by the fusion of the lateral and me-
dial roots, which originate from the lateral
and medial cords of the brachial plexus.
Usually this takes place medially to the axil-
lary artery at its third part. This usual for-
mation of the nerve is observed in 70% of
cases.

Our team describes a case in which there
is a very distal fusion of the medial and lat-
eral roots which arise from the cords of the
brachial plexus. Similar formation and loca-
tion of the median nerve could lead to diffi-
culties in the diagnostic process in this area.
When performing different surgical proce-
dures, clinical manipulations and physio-
therapeutic procedures it is vital to know
both the most common and the atypical mor-
phology of the median nerve.

Case description
The present study took place during the
routine dissection classes of the upper limb
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which were for the undergraduate medical
students at the Department of Anatomy in
our university. All formalin-preserved ca-
davers were dissected on both upper extrem-
ities. The skin, superficial fascia, and deep
fascia have been removed, the muscles
cleaned and we were able to observe the for-
mation of the median nerve and its varia-
tions. Our dissection has been carried out on
embalmed adult male cadaver of visible age
over 65 years. We encountered different for-
mation of the median nerve in right and left
arm of the cadaver.
Macroscopic examination of the dis-
sected brachial plexus in the left arm:
Normal position and relation between the
trunks of the brachial plexus (fig. 1) and typ-
ical formation of the median nerve in the left
axilla (fig. 2). Measurements as follow:
Lateral root length — 53 mm
Medial root length — 52 mm
Musculocutaneous nerve length — 37 mm
Macroscopic examination of the dis-
sected brachial plexus in the right arm:
Normal position and relation between the
trunks of the brachial plexus (fig. 3) and
atypical formation of the median nerve in the
right axilla (fig. 4). Measurements as follow:
Lateral root length — 102 mm
Medial root length — 68 mm
Musculocutaneous nerve length — 37 mm



Figure 1. Left arm normal position of Figure 3. Left arm normal position of the trunks of

the trunks of brachial plexus: brachial plexus:
1. superior trunk 1. superior trunk
2. medial trunk 2. middle trunk
3. inferior trunk 3. inferior trunk
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Figure 2. Left arm typical formation of Figure 4. Left arm typical formation of median nerve:
median nerve: 1. medial root

1. medial root 2. lateral root

2. lateral root 3. median nerve

3. median nerve 4. musculocutaneous nerve

4. musculocutaneous nerve
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Discussion

Atypical formation of the different nerves
of the upper extremities has been described
by many authors. The median nerve has a
great variety of anomalies in its formation
and position:

- the typical formation of the median
nerve by two roots was found in 70% of the
dissected cadavers; three or four roots for-
mation was reported in 30% of the dissec-
tions;

Total
56 (100%)

Four roots
3(5.36%)

Three roots
From LC
9 (16.07%)
14 (25%)
From LC
4 (14.28%)
6 (21.42%)
LC=lateral cord; MCN=musculocutaneous nerve

Two roots
39 (69.64%)

Males From MCN

5 (8.93%)

From MCN
2 (7.14%)

Females | 20 (71.44%) 2(7.14%) | 28 (100%)

- the formation of the median nerve in the
axillary fossa was reported in 88.09% of
cases and the distal formation in the arm in
11.91% of the reported cases — 8.33% be-
longing to males and 3.58% to females;

- in the axilla, the nerve was formed lat-
eral to the third part of the axillary artery in
80.95% of cases, with 41.67% of cases be-
longing to males and 39.28% to females. It
was formed anterior to the third part of the
axillary artery in 4.76% of cases, with 3.57%
of cases belonging to males and 1.19% to fe-
males. It formed medially to the third part of
the axillary artery in the axilla in only 2.38%
of cases, of which 1.19% involved both male
and female cadavers;

Total

68 (80.95%)
2(2.38%)
4(4.76%)
10 (11.91%)

In females
33(39.28%)
1(1.19%)
1(1.19%)
3 (3.58%)

In males
35 (41.67%)
1(1.19%)
3 (3.57%)
7 (8.33%)

Site of formation of the median nerve

Lateral to axillary A
Medial to axillary A
Anterior to axillary A

1. In the axilla

74 (88.09%)

2.1In the arm
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- additional communication between the
median nerve and musculocutaneous nerve
was observed in 2.38% of cases.

Conclusion

The knowledge about variations in the
formation of the median nerve is relevant to
anatomists, radiologists and surgeons. Since
such variations are commonly encountered
they are of great interest and importance in
routine surgeries, post-traumatic evalua-
tions, peripheral nerve repairs, and during
radical neck dissections where these varia-
tions are more prone to iatrogenic injury.
The awareness of them can prevent injuries
during surgical and anaesthetic procedures
around the axilla and the arm and can help in
the interpretation of nerve compression
causing unexplained clinical symptoms.
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Introduction: Spirometry is the ‘gold standard’ by which airflow obstruction is assessed but it requires
effort and can be difficult for patients to perform. Forced oscillation technique (FOT) is a relatively new
method that may hold the key to improving the diagnosis of airway obstruction, helping in the adjustment
of therapy and monitoring disease progression. Aim: The purpose of this report is to compare the applica-
bility of FOT and Spirometry in respiratory function evaluation. Materials and methods: Studies and
clinical cases regarding pulmonary function testing are summarized and analyzed. They are found in the
following databases - PUBMED, Google Scholar and Science Direct. Results and discussion: The Forced
oscillation technique is a lung function modality based on the application of an external oscillatory signal
in order to determine the response of the respiratory system. The use of FOT should be considered in pa-
tients in whom spirometry or other pulmonary function tests cannot be performed. One of the main ad-
vantages of this method is that minimal cooperation of the patient is needed and no respiratory maneuvers
are required. This technique may be more sensitive than spirometry in identifying disturbances of peripheral
airways or the effectiveness of therapy at the long term. Conclusion: The Forced oscillation technique has
been successfully applied in various paediatric respiratory disorders, such as asthma, cystic fibrosis, and
chronic lung disease. Considering these qualities FOT may be used as an alternative of spirometry in het-
erogenous ventilatory disturbances of the small airways.

Keywords: Forced oscillation technique, airway obstruction, heterogenous ventilatory conditions

Introduction

The forced oscillation technique (FOT),
which applies small pressure oscillations at
the mouth during typical breathing, was cre-
ated to evaluate the impedance of the respir-
atory system. FOT is considered as a poten-
tial alternative method to spirometry. Spi-
rometry is the ‘gold standard’ by which air-
flow obstruction is assessed but it requires
effort and can be difficult for patients to per-
form. Forced oscillation technique (FOT)
may hold the promise of improving the diag-
nosis of airway obstruction, helping in the
adjustment of therapy, and monitoring dis-
ease progression in young children.

Aim

The purpose of this report is to compare
the applicability of FOT and Spirometry in
respiratory function evaluation. The report
compares different conditions and the signif-
icance that FOT makes in the diagnostic pro-
cess.
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Methods

This literature review analyzes a number
of studies and clinical cases related to lung
function evaluation especially in the differ-
ent groups of people that have difficulties in
performing the spirometry. They are used
the following databases — PUBMED,
Google Scholar and Science Direct.

Results

1. FOT in infants and preschool-aged
children

The measurement of pulmonary function
provides an objective assessment of the state
of the respiratory system and useful infor-
mation for the diagnosis and management of
respiratory tract illnesses in adults and chil-
dren. Many measurements of respiratory
function are based on forced expiratory ma-
neuvers. Spirometry has been shown to be
feasible in preschool-aged children as young
as 2-5 years and can be performed success-
fully in 70% to 80% of children by the age



of 5 to 6. The above-mentioned method can-
not be performed in infants and preschool-
aged children. The forced oscillation tech-
nique (FOT), measures the impedance of the
respiratory system by superimposing small-
amplitude pressure oscillations on the respir-
atory system as well as the resultant oscilla-
tory flow. These techniques have been used
in infants, and impedance spectra have been
measured above 4 Hz. The forcing function
is generally applied through a facemask and
includes the impedance of the nose. By ap-
plying the forcing function during a pause in
breathing produced by invoking the Hering-
Breuer reflex, reliable impedance data can
be obtained from 0.5 to 20 Hz. Depending on
the frequency of the applied pressure wave,
the resultant impedance contains different
mechanical information. The response to
very slow pressure oscillations (<2 Hz), dur-
ing what has been referred to as the low-fre-
quency forced oscillation technique, allows
the noninvasive partitioning of lung function
into airway and tissue parameters. In con-
trast, at very high frequencies, as are used in
the high-frequency interrupter technique, the
information derived is primarily related to
airway wall mechanics, which is particularly
important in wheezing disorders.

2. Spirometry in preschool-aged children

To assess repeatability and reproducibil-
ity of spirometry measurements, and bron-
chodilator responsiveness (BDR), Spirome-
try is performed in healthy 3—6-year-old pre-
school children and those with asthma. Spi-
rometry was performed before and 20
minutes after administering either inhaled
placebo (for repeatability) or 400 pg salbut-
amol (for BDR) on two separate occasions
(reproducibility) 3-23 days apart in asth-
matic preschoolers and healthy controls.
Technically successful baseline results were
obtained in 86% of children assessed. Paired
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data were obtained in 43 asthmatic and 22
controls (median (range) age: 5.1 years).
Baseline FEV (0.75) was significantly lower
in asthmatic children (mean (SD): 90 (15)%
predicted) than in controls (102 (13) % pre-
dicted; p < 0.001). Within-occasion coeffi-
cient of repeatability following placebo was
similar in both groups, being 10.4% in
asthma and 13.2% in controls for FEV
(0.75). Following bronchodilator,
FEV(0.75) increased significantly more in
asthmatic preschoolers (mean (SD): 15.0
(12) %) than in controls (4.5 (5) %; p <
0.001), with no significant difference be-
tween groups post-bronchodilator. Between-
occasion variability was similar to within-
day repeatability in controls, but almost
twice as high in asthmatic children.

3. Forced oscillation technique in spinal
muscular atrophy

It is challenging to diagnose respiratory
impairment in young children due to spinal
muscular atrophy (SMA). Children as young
as 2 years old can use the nonvoluntary
forced oscillation technique (FOT), which is
commercially available.

Twelve children (seven male) were re-
cruited; mean age was 6.26 (+ 2.59) years.
Respiratory reactance at 8 Hz (Xrsg) (mean z
score, +1.41; SD, 1.90; P <.03) and respira-
tory resistance at 8 Hz (Rrsg) (mean z score,
+0.66; SD, 1.34;P= .12) were abnormal.
Four children performed spirometry. Linear
relationships to Xrss exist: FVC (R?, 0.54),
unassisted PCF (R?, 0.33), assisted PCF (R?,
0.43), and AHI (R?, 0.32). Over 12 months,
Xrsgz score worsened (rate of change of
+1.08, P < .001) and Rrsgz score worsened
(rate of change +0.51, P <.001). No relation-
ship (P > .05) was found between clinical
characteristics and FOT values. [7]

FOT is feasible in young SMA patients
with abnormal reactance and resistance



values on aggregated data, which worsen
over a 12-month period. Xrs8 is connected
to the respiratory tests used to track develop-
ment in SMA.

4. Comparison between FOT and Spirom-
etry

Traditional pulmonary function tests such
as the ‘gold standard” — Spirometry, reflect
information about global lung function, but
obtaining more precise information from the
lung periphery has been a challenge. FOT is
used to measure respiratory system re-
sistance (Rrs) and reactance (Xrs) during
tidal breathing and provides information that
cannot be obtained by spirometry. To evalu-
ate the utility of the forced oscillation tech-
nique (FOT) bronchodilator responsivenes
(BDR) was compared with forced expiratory
volume in 1 s (FEVy).

Data from patients with asthma who with-
held bronchodilator medication for at least 8
h before a tertiary airway clinic visit were re-
viewed. All patients performed FOT and spi-
rometry before and after salbutamol admin-
istration, and completed the Asthma Control
Test. FOT parameters examined included
respiratory system resistance (R5) and reac-
tance (X5) at 5 Hz, and area under the
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reactance curve (AX). BDR was defined by
standard recommendations for spirometry
and based on the 95™ percentile of BDR in
healthy adults for FOT.

Figure 1 represents the comparison be-
tween bronchodilator response (BDR) iden-
tified by spirometry and forced oscillation
technique (FOT). Shown are the following:
cutoff for identifying BDR by spirometry
(blue line) and FOT (orange line); region of
BDR concordance between spirometry and
FOT (orange-shaded areas); change in pa-
rameter after bronchodilator administration
(postbronchodilator minus prebronchodila-
tor) (A). Spirometric BDR is defined as >
200 mL and > 12% improvement in FEV;
and/or FVC.

Figure 2 represents the association be-
tween the presence of BDR and asthma con-
trol. Shown are the following: cutoff for
poor asthma control (Asthma Control Test
score < 20) (blue line); cutoff for BDR by
spirometry or FOT (orange line); change in
parameter after bronchodilator administra-
tion (postbronchodilator minus prebroncho-
dilator) (A). ACT = Asthma Control Test;
AX = area under the reactance curve, be-
tween 5 Hz and resonant frequency; RS =re-
sistance at 5 Hz; X5 = reactance at 5 Hz.
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Results

Fifty-two subjects (18 men; mean age,
53 £18 years) were included. BDR was
identified more frequently by FOT than spi-
rometry (54% vs 27% of subjects).

The conclusion of this article that the use
of FOT can be considered as an alternative
to forced expiration for detecting bronchodi-
latation in asthmatics and patients with
COPD.

Discussion

While application of FOT requires mini-
mal cooperation from the subject, data col-
lection and analysis can be technically chal-
lenging, and further work is required to es-
tablish international guidelines regarding
quality control in young children and stand-
ardize methods of reporting results. Never-
theless, there are marked differences be-
tween the reference ranges for FOT using a
variety of techniques, including much higher
values obtained when using a modified face-
mask rather than a mouthpiece. Although
data collected using FOT and Sprometry are
similar, the results obtained using these tech-
niques are not interchangeable.
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Currently the wide degree of variability
between healthy children of similar age or
body size limits the extent to which this tech-
nique can be used to assess either the pres-
ence or the severity of airway disease within
individuals. It may, however, be a valuable
tool for detecting changes within individuals
on the same occasion, particularly when as-
sessing bronchial responsiveness.

Conclusion

It is now evident that FOT measurements
of lung function are superior to maximal-ef-
fort forced spirometric studies in terms of
sensitivity and responsiveness to small air-
way function. The FOT has been success-
fully applied in various pediatric respiratory
disorders, such as asthma, cystic fibrosis,
and chronic lung disease of prematurity.
Considering these qualities, Forced oscilla-
tion technique can be considered as an alter-
native for diagnosing patients with COPD.
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Introduction: Alopecia areata (AA) is an autoimmune T-cell mediated non-scarring hair loss which man-
ifests with oval single or multiple bald patches, total loss of scalp hair (alopecia totalis) or bodily hair
(alopecia universalis). The prevalence of AA varies from 0.1% to 0.2% of the general population. The
aetiology of AA is unclear, but genetic, environmental factors, autoimmunity and endocrine dysfunction
may be involved. AA is frequently associated with Hashimoto’s thyroiditis and other autoimmune thyroid
disorders, diabetes mellitus type 1 and vitiligo. Aim: A current review of the literature to establish the
association between AA and thyroid autoimmunity and dysfunction. Materials and methods: Literature
search through PubMed was performed using the following key words: alopecia areata, thyroid autoim-
munity, thyroid disorder. A total of 260 articles published between 1993 and 2023 were reviewed and 26
were included based on the relevance to the researched topic. Results: There is association of thyroid dys-
function and thyroid autoimmunity in AA patients. The available literature at PubMed shows that the thy-
roid autoantibodies are frequently higher in AA patients. Discussion: AA is associated with high prevalence
of thyroid antibodies more than with clinical or laboratory thyroid dysfunction. Also, severe and refractory
AA is a potential future risk of autoimmune thyroid disease. Conclusion: Routine screening of the thyroid
function and test for levels of thyroid antibodies is recommended to be done in individuals with AA.

Keywords: alopecia areata, autoimmune thyroid disorders, thyroid disease, thyroperoxidase antibody, thy-

roglobulin antibody

Introduction

Alopecia areata (AA) is an autoimmune
T-cell mediated disorder characterized by
non-scarring hair loss of the scalp or body.
Clinically heterogeneous, AA can manifest
as a single or multiple well-defined oval bald
patches of different size. The hair loss may
affect the entire scalp (alopecia totalis (AT)),
body (alopecia universalis (AU)); or other
bodily parts such as eyebrows and eye-
lashes [1]. The prevalence of AA varies from
0.1% to 0.2% of the general population [2].
The course of the disease is unpredictable.
Approximately 80% of the patients experi-
ence spontaneous hair regrowth and sudden
relapses. Some patients may have persistent
hair loss [1, 3]. The aetiology of AA is un-
clear, but recent insights on the ethiopatho-
genesis of AA suggest a genetic and immune
predisposition to the disorder as well as en-
vironmental factors including viral infec-
tions, trauma and psychosocial stress. The
loss of the growing hair shafts is linked to
the CD4+ and CD8+ T-lymphocytes, which

65

violate the immune privilege of the anagen
hair follicle [1, 3, 4]. AA is often associated
with comorbid conditions, including thyroid
autoimmunity and dysfunction, atopy, viti-
ligo, lupus erythematosus, psoriasis, meta-
bolic syndrome, Helicobacter pylori infec-
tion, iron and vitamin D deficiency, psychi-
atric diseases, audiologic and ophthalmic ab-
normalities [5]. The rate of occurrence of thy-
roid dysfunction, increased presence of thy-
roid autoantibodies (TAb), and autoimmune
thyroid diseases is significantly higher in AA
patients than in the general population [6].

Aim

The aim of this current review is to estab-
lish the association between AA and thyroid
autoimmunity and dysfunction.

Methods

Literature search through PubMed was
performed using the following key words:
alopecia areata, thyroid autoimmunity, thy-
roid disorder.



Results

A total of 260 articles published between
1993 and 2023 were reviewed and 26 were
included based on the relevance to the re-
searched topic. We divided the used litera-
ture into following groups: case reports, ret-
rospective studies, cohort study, and pro-
spective studies.

Case reports

Two case reports matching the criteria
were included. The first one discusses AA
patient with Graves’ disease developed after
manifestation of Hashimoto thyroiditis
(HT). The patient had elevated thyroglobulin
antibodies (Anti-Tg Ab), thyroid peroxidase
antibodies (Anti-TPO Ab) and thyroid-stim-
ulating hormone (TSH) [7]. The second case
is of a ten-year-old AA patient, with kerato-
conjunctivitis, keratoconus and HT. The au-
thors suggest an association of keratoconus
with multisystem autoimmune disease [8].

Retrospective studies

In a retrospective study, Seyrafi et al.
evaluated the prevalence of thyroid function
abnormalities in 123 AA patients. Such was
found in 8.9% of the study group. Elevated
TADb were associated with AA in 51.4% of
patients. The authors found no significant as-
sociation between the AA severity and pres-
ence of the antibodies (Ab) [9]. Another
study compared the frequency of TAb and
the level of triiodothyronine (T3), thyroxine
(T4), TSH in 70 AA patients and 30 healthy
volunteers. Thyroid functional abnormalities
were found in eight (11.4%) patients and
positive TAb in 18 (25.7%). Significantly
higher frequency of TAb was established in
AA patients group than in healthy controls
group (25.7% vs. 3.3%; p <0.05). The study
does not report connection between disease
severity and presence of Tab [10]. Lo Sicco
and McGuire, found 36 of 41 patients with
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thyroid dysfunction suffering from alopecia:
telogen effluvium 29.3%, androgenetic alo-
pecia 27.8%, alopecia areata 24.4%, traction
alopecia 9.8% [11]. A nationwide study in
South Korea revealed that patients with AA
were at an increased risk of Graves’ disease
and HT, and the associations were stronger
in AT and AU [12]. Another study done in
the same country investigated 1408 AA pa-
tients and found 224 (15.90%) who had thy-
roid dysfunction and 260 (18.46%) thyroid
autoimmunity. Severe AA and mild AA
groups showed significant difference in thy-
roid dysfunction (75.56% vs 13.94%) and
thyroid autoimmunity (40.82% vs 18.22%)).
The study established relationship between
thyroid dysfunction and earlier onset and se-
verity of AA [13].

Cohort study

Dai et al. found bidirectional association
between AA and thyroid diseases. They first
analysed 5929 AA patients and 59.290 con-
trols, to assess the risk of thyroid diseases in
AA. Then they included 35.071 thyrotoxico-
sis patients: 19.227 with Graves’ disease,
5460 with thyroiditis, 3352 with HT, to as-
sess the risk of AA. AA patients had an in-
creased risk of all thyroid diseases. Signifi-
cantly increased risk of developing AA was
observed among patients with thyrotoxico-
sis, Graves’ and/or HT [14].

Prospective studies

In 1994 Puavilai et al. conducted a study
with 152 AA patients and a control group
with the same number of subjects and meas-
ured T3, T4, TSH and microsomal Ab levels.
The results showed 7.2% prevalence of thy-
roid disease in the AA group, with 4.2% el-
evated microsomal Ab and 2.6% small sim-
ple goitre. The occurrence of positive micro-
somal Ab in 4.6% of the patients was not sig-
nificantly different from the control group



[15]. In a study by Kurtev and Iliev, 46 chil-
dren with AA (23 girls and 23 boys) were
examined. The researchers investigated the
size and function of the thyroid gland, and
measured T3, T4, TSH, thyroid-releasing-
hormone (TRH), Anti-Tg Ab, Anti-TPO Ab.
The results showed goitre in 29 children
(63%), elevated basal TSH in six of the 29
(13.3%) and hypothyroid-type stimulated
secretion (TRH test) in two out of 12 pa-
tients. Anti-Tg Ab were increased in 17
(39.5%) and Anti-TPO Ab in 14 (33.3%)
children. The team found autoimmune thy-
roiditis in 22 of 46 AA patients (47.8%) and
immune studies revealed increased activated
T-lymphocytes [16]. In another study, 63
AA patients were tested for TAb and 28 sub-
jects (44%) were positive. Anti-TPO and
Anti-Tg Ab were more frequent, followed by
antimicrosomal and antinuclear [17]. Other
researchers examined 130 AA individuals
and found elevated Anti TPO-AD titres in 23
patients (17.7%) and six of the patients had
higher TSH levels. The prevelance of Anti-
TPO-Ab was almost two times higher than
in the general population [18]. In 2014,
Bakry et al. included in their study 50 AA
subjects without any clinical presentation of
thyroid disorder. They found 16% that were
with subclinical hypothyroidism and statisti-
cally significant difference in levels of TSH,
T3, T4, Anti-Tg Ab and Anti-TPO Ab be-
tween cases and controls [19]. Lyakhovitsky
et al examined 78 AA patients with new on-
set of the hair loss. Thyroid dysfunction and
TAb were found in 19 (24%) patients. Hy-
pothyroidism was diagnosed in 12 (15%),
one (1%) with an overt hypothyroidism, one
(1%) with an overt hyperthyroidism and four
(5%) with euthyroid HT [20]. A recent case
control study investigated the frequency of
TAD and thyroid dysfunction in 54 Spanish
AA patients. Pathological levels of Anti-
TPO-Ab and/or Anti-TG-AD titres had 24%
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of AA cases. Thyroid dysfunction was found
in 22% of AA patients [21]. Kurtipek et al.
examined the thyroid gland function of 92
AA and 108 vitiligo patients. They found
that there is no statistically significant corre-
lation between AA and thyroid autoimmun-
ity or dysfunction [22]. Similar results
showed Kaur et al. The studied population
included 110 AA patients and 110 healthy
individuals. The authors compared serum
levels of T3, T4, TSH, and Anti-TPO Ab in
both groups. There was no significant occur-
rence of thyroid dysfunction and evidence of
anti-TPO Ab in AA [23].

The correlation in human leukocyte anti-
gens (HLA) and clinical characteristics of
thyroid and islet autoimmunity in 126 AA
patients, was estimated via another study.
The most frequent autoimmune diseases as-
sociated with AA was autoimmune thyroid
disease (10.0%), then vitiligo (2.7%) and
rheumatoid arthritis (0.9%). The prevalence
of thyroid TAb in AA patients was higher
compared to controls. The prevalence of is-
let-related auto-Ab was similar between AA
patients and the control group [24]. Saif as-
sessed the importance of thyroid autoim-
mune screening in AA patients. The study
included three groups: 50 AT and AU pa-
tients, 50 subjects with partial AA and 50
healthy individuals. TAb were positive in
AT/AU by 40%, in mild AA by 14%, and in
healthy subjects by 4% [25]. A comparative
study between 75 AA patients and 75
healthy individuals, found a prevalence of
thyroid disorder in the AA group (17.3%) as
compared to the control group (1.3%)
(P=0.001). The authors suggest that the
grade of the AA severity was higher in pa-
tients with abnormal thyroid function. [26]

Discussion
This current review of literature summa-
rizes the evidence of an increased risk of



thyroid conditions in AA patients. Also,
studies have found a relationship between
AA severity and associated thyroid dysfunc-
tion or autoimmunity. Although the precise
correlation between AA and thyroid disor-
ders has not been well explained, common
genetic background and mutual inflamma-
tory process might do that. A genome-wide
association analysis of AA, identified a num-
ber of risk loci that were also present in other
autoimmune illnesses: cytotoxic T-lympho-
cyte-associated protein 1, interleukin (IL)-
2/IL-21, IL-2RA, genes essential for regula-
tory T-cell maintenance [27]. Immunologi-
cal dysregulation in hair follicles caused by
CD8+ NKG2D+ cytotoxic T-lymphocytes is
a contributing factor in AA [28]. Human im-
munological homeostasis is mostly main-
tained by regulatory T (Treg) cells, whose
imbalance results in autoimmunity [29].
Treg cells in people with autoimmune thyroid
illnesses are unable to downregulate tissue
damage and the autoimmune response [30].

Conclusion

The analysed studies and case reports
confirm the connection between thyroid au-
toimmunity and/or dysfunction to AA. The
studies suggest a correlation between sever-
ity and duration of AA if the thyroid gland is
affected. Most authors recommend routine
screening of the thyroid function and test for
levels of TAb for AA patients. More studies
are needed to clarify the potential mecha-
nisms and interactions underlying between
the conditions.
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Introduction: Chronic insomnia disorder is known to exert detrimental effects on health, with the short
sleep duration phenotype (< 6 hours) being associated with increased risk for cardiovascular complications,
compared to the normal sleep duration insomnia. Elucidating the pathogenic links between short sleep du-
ration insomnia and its adverse impact on cardiovascular health would contribute to designing preventive
strategies and improving therapeutic outcomes. Aim: The aim of this review is to explore the potential
pathophysiological mechanisms underlying the cause-effect relationship between chronic insomnia disease
and cardiovascular health. Materials and methods: A search in the PubMed database was performed uti-
lizing the following key words: short sleep duration insomnia, cardiovascular disease, arterial hypertension,
hyperarousal, metabolic syndrome, autonomic nervous system. Studies published between 2000-2023 were
included. Results and discussion: A growing body of evidence suggests that short sleep duration insomnia
is the more biologically severe phenotype of the disorder. It is associated with a higher prevalence of arterial
hypertension, coronary artery disease and heart failure. The proposed mechanisms relating insomnia to
cardiovascular disorders are the hyperarousal state, increased activity of the sympathetic nervous system,
dysregulation of the hypothalamic-pituitary-adrenal axis, systemic inflammation, and metabolic derange-
ments. These are classically acknowledged as important factors in the pathogenesis of various cardiovas-
cular diseases. Conclusion: The reviewed data suggests that shortened sleep has a cumulative negative
impact on cardiovascular health. Despite the well-supported association, further research is needed to illu-
minate whether the improvement of sleep duration and quality in chronic insomnia disorder patients would
alleviate cardiovascular risk.

Keywords: short sleep duration insomnia, cardiovascular disease, arterial hypertension, hyperarousal,

metabolic syndrome

Introduction

Chronic insomnia disorder is known to
exert detrimental effects on health, with the
short sleep duration phenotype (< 6 hours)
being associated with increased risk for car-
diovascular complications, compared to the
normal sleep duration insomnia. Elucidating
the pathogenic links between short sleep du-
ration insomnia (ISSD) and its adverse im-
pact on cardiovascular health would contrib-
ute to designing preventive strategies and
improving therapeutic outcomes.

Aim

The aim of this review is to explore the
potential pathophysiological mechanisms
underlying the cause-effect relationship be-
tween chronic insomnia disorder and cardio-
vascular health.
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Materials and methods

A search in the PubMed database was
performed utilizing the following key words:
short sleep duration insomnia, cardiovascu-
lar disease, arterial hypertension, hyper-
arousal, metabolic syndrome, autonomic
nervous system. Studies published between
2017-2023 were included.

Results

ISSD has been shown to be associated
with an increased risk of various cardiovas-
cular risk factors.

Arterial hypertension

The association between ISSD and arte-
rial hypertension (AH) is well documented.
Several comprehensive reviews presented a
significant impact of ISSD on blood pressure
regulation.



Bathgate et al. (2018) (1) conducted a re-
view of evidence up to 2018 and reported a
positive association between ISSD and high
blood pressure. More specifically they re-
ported that individuals with insomnia exhib-
ited higher nighttime systolic blood pres-
sure, increased ambulatory blood pressure
variability, and lower systolic blood pressure
dipping. These findings suggest that ISSD
may contribute to adverse changes in blood
pressure regulation and increase the risk of
cardiovascular events. Two studies reviewed
found that ISSD patients are at over three-
fold greater risk of reporting AH and twice
as likely to be treated with hypertension
medication compared to good sleepers.

Li et al (2020) (2) found that the risk for
AH is 21% higher among insomnia patients,
compared to good sleepers. It is noteworthy
that in this meta-analysis no statistically sig-
nificant correlation was observed in the
Asian populations, indicating that insomnia
may impact various ethnic groups in distinct
ways.

Johnson et al (2021) (3) conducted a
meta-analysis that reviewed available data to
compare objective short sleep duration in-
somnia (IOSSD) with near normal sleep du-
ration insomnia (INNSD). They investigated
the association between both phenotypes and
AH, type 2 diabetes, and body mass index.
Results showed that individuals with IOSSD
were more likely to develop AH compared
to those with INNSD. Interestingly, one re-
viewed study among African Americans
compared IOSSD, INNSD and short sleep-
ers and observed increased risk of resistant
AH only in short sleepers and in patients
with IOSSD, indicating that sleep duration
itself may be the decisive factor.

Inflammation
Mendoza et al (2017) (4) explored the
correlation between insomnia phenotypes
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and systemic inflammation in adolescents.
IOSSD was found to be associated with ele-
vated inflammatory biomarkers, as opposed
to INNSD. C-reactive protein (CRP) levels
were measured highest in those with ISSD
and, at elevated levels of 1.8 mg/L on aver-
age, were twice as high as in the other
groups. Taking in consideration that the
mean age of participants was 17 years, and
the fact that all other study groups had CRP
levels within the physiologic range of on av-
erage (< 1 mg/L), the observed differences
may be indicative of potential cardiometa-
bolic risk. Furthermore, other inflammatory
biomarkers such as Interleukin-6 (IL-6) and
Tumor necrosis factor-a (TNF-a) groups.

Syaugye et al (2019) (5) investigated the
relationship of self-reported sleep duration
and insomnia with inflammation in middle-
aged and older adults with metabolic syn-
drome. Results showed a U-shaped associa-
tion of sleep duration with metabolic syn-
drome and inflammation. Compared with
regular sleep duration (6—8 h), short (< 6 h)
or long sleep duration (> 8 h) and insomnia
symptoms significantly increased the odds
ratios of abdominal obesity, high blood pres-
sure, low high-density lipoprotein-choles-
terol, high triglycerides, high fasting blood
glucose, and high CRP. Interestingly, results
suggested that insomnia symptoms did not
influence the effects of sleep duration on the
components of metabolic syndrome and in-
flammation. Similar to findings on AH,
sleep duration by itself appears to also be the
key factor triggering inflammatory pro-
cesses.

Wang et al (2020) (6) aimed to investigate
the link between objective short sleep dura-
tion and inflammation in patients with
chronic insomnia. The study demonstrated
an inversely correlated relationship between
sleep duration and inflammatory markers,
such as NLR family pyrin domain



containing 3-Inflammasomes (NLRP3-I),
caspase-1, Interleukin-1B, and Interleukin-
18. The dysregulation of the inflammasome,
which is a component of the innate immune
system that contributes to inflammation, was
found to be specifically linked to short sleep
duration in individuals with chronic insom-
nia. Results suggest that chronic insomnia
and short sleep duration may trigger the de-
velopment of chronic diseases such as cardi-
ovascular disease (CD) and diabetes by pro-
moting chronic inflammation.

Wang et al (2020) (7) investigated the re-
lationship between chronic insomnia and in-
flammation in patients with atherosclerotic
cerebral small vessel disease. Chronic in-
somnia was associated with higher levels of
circulating interleukin-8 (IL-8). The concen-
tration of IL-8 showed a positive correlation
with the Arousal Index and a negative corre-
lation with the duration of sleep. These find-
ings imply that chronic insomnia, particu-
larly sleep fragmentation and short sleep du-
ration, could be a factor in the onset and ad-
vancement of cerebral small vessel disease
related to atherosclerosis, mediated by the
inflammatory pathway.

Cardiovascular complications

Bertisch et al (2018) (8) presented that
IOSSD is associated with an increased risk
of incident CD and all-cause mortality. Spe-
cifically, the study found that individuals
with IOSSD had a significantly increased
risk of developing CD (+29%) compared to
those without insomnia and with normal
sleep duration. Interestingly, it was found
that insomnia by itself or short sleep by itself
was not associated with incident CD, indi-
cating that it is the combination of the two,
that is the decisive factor. However, short
sleep duration was significantly associated
with all-cause mortality. The study also
found that subjective ISSD showed a similar
risk of CD when compared with IOSSD.
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Sigurdardottir et al (2023) (9) conducted
a study with objective insomnia phenotyp-
ing. IOSSD was found to be one of only 2
insomnia phenotypes that were associated
with subclinical myocardial injury as ex-
pressed by increased circulating Troponin T
(cTnT), the other one being insomnia with
obstructive sleep apnea. These 2 phenotypes
therefore may be of special relevance to
sleep-related susceptibility to CD. Interest-
ingly insomnia alone, insomnia associated
with any measure of sleep fragmentation or
objective short sleep duration alone were not
associated with this outcome, suggesting
that only the combination of insomnia with
either objective short sleep duration or ob-
structive sleep apnea describe a clinically
relevant phenotype.

Hyperarousal theory

Sympathetic activation is a key factor in
the pathophysiology of cardiovascular dis-
eases, and sleep disorders and insufficien-
cies may contribute to the development of
AH, coronary artery disease, heart failure,
and arrhythmias through this mechanism.

Jarrin et al (2018) (10) found that pa-
tients with [OSSD showed an increased noc-
turnal heart rate (HR), significantly damp-
ened parasympathetic activation and in-
creased sympathovagal imbalance relative to
their counterparts with near normal sleep du-
ration, suggesting cardiovascular autonomic
dysfunction. Interestingly, when groups
within the same population were formed
based on subjective reportings, instead of
objective measurements, no differences
could be observed between phenotypes.

Cosgrave et al (2020) (11) investigated
nocturnal HR and heart rate variability
(HRV) in healthy young adult good and poor
self-reported sleepers, objectively measur-
ing sleep duration. Significant between-
group differences in the way arousals are



distributed across sleep stages were ob-
served. However, these differences were not
disclosed when comparing the arousal in-
dexes of the groups. The way the arousal in-
dex is calculated does not account for these
differences in arousal distribution. It appears
that the arousal index is not suited to express
and compare these otherwise distinctive dif-
ferences between groups. Poor sleepers were
also found to have a significantly higher
mean HR across Stages 2, 3, 4 and rapid eye
movement sleep compared to the good
sleepers. Interestingly, it was found that
among their young and healthy participants
only those with ISSD showed a noticeable
decrease in HRV, another indication that this
phenotype carries the most risk for cardio-
vascular autonomic dysfunction. Also, ob-
jective groupings revealed stronger differ-
ences than the original subjective groupings.

Greenlund et al (2022) (12) gave further
credence to the hyperarousal model. They
found that chronic insomnia has been asso-
ciated with increased sympathetic activation
via plasma norepinephrine and sympathoex-
citation from microneurography studies,
providing evidence for the hyperarousal the-
ory of insomnia. Interestingly, epidemiolog-
ical evidence suggests women to be more
susceptible to sleep disorder-mediated CD.
Studies that had included equal representa-
tion of men and women, or specifically fo-
cused their aims on sex differences showed
that the complex relations between sleep dis-
orders / insufficiencies and sympathetic ac-
tivity are indeed impacted by sex.

Treatment options

Cronlein et al (2018) (13) examined the
effectiveness of cognitive-behavioral ther-
apy for insomnia (CBTI) in patients with
short and normal sleep duration. CBTI was
found to be equally effective in improving
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sleep quality in patients with short sleep du-
ration and those with normal sleep duration.

Vgontzas et al (2020) (14) compared the
effects of trazodone and CBTI on patients
with [OSSD. Trazodone appeared to
lengthen total sleep time both at posttreat-
ment (+ 51 minutes) and at follow-up (+ 50
minutes), respectively, whereas CBT-I did
not improve or extend objective sleep dura-
tion. Trazodone was also found to reduce
cortisol levels whereas CBT-I did not show
this effect. However, the effect of trazodone
on cortisol levels appeared to weaken over
time.

Discussion

This systematic review highlights the as-
sociation between IOSSD and various cardi-
ovascular risk factors, including AH, inflam-
mation, and cardiovascular complications,
suggesting that IOSSD is a significant pre-
dictor of poor cardiovascular health out-
comes.

The observed association between ISSD
and AH is consistent with previous research
and supports the notion that ISSD is a signif-
icant risk factor for AH. This well-estab-
lished association with adverse changes in
blood pressure regulation is a strong indica-
tion that ISSD may increase the risk of car-
diovascular events. (1, 2, 3)

Recent research suggests that ISSD con-
tributes to systemic inflammation. Elevated
levels of inflammatory biomarkers were
found to be associated with ISSD in several
studies.

Chronic inflammation triggers the release
of proinflammatory cytokines, which dam-
age arteries, promote plaque formation, im-
pair glucose metabolism, and cause dysfunc-
tion of adipose tissue, leading to CD and
metabolic complications. This implies that
ISSD may trigger the development of



cardiovascular and metabolic disease
through inflammatory processes. (4, 5, 6, 7)

A growing amount of evidence directly
linking ISSD to cardiovascular complica-
tions and all-cause mortality is of significant
concern. In this regard it is especially note-
worthy that recent studies were only able to
find this link in individuals who suffered
from insomnia and short sleep duration at the
same time. (8, 9) This strongly suggests that,
when present in combination, insomnia and
short sleep duration trigger a synergistic ef-
fect that significantly increases the risk for
cardiovascular complications and all-cause
mortality.

Moreover, based on the studies reviewed,
it can be inferred that [OSSD is the most se-
vere phenotype of insomnia when it comes
to its impact on cardiovascular health. (1, 2,
3,4,8,9,10, 11) In fact, in almost all studies
that made a distinction between the different
phenotypes of insomnia, [OSSD was found
to have the most pronounced effect on cardi-
ovascular health outcomes. (1, 2, 3, 4, 6, 8,
9, 10, 11) Interestingly, in some studies, this
subtype was the only one to show a signifi-
cant difference compared to controls, high-
lighting its importance in predicting CD risk.

While to this day the mechanisms behind
these adverse effects are not completely un-
derstood, recent research provides a lot of
evidence supporting the hyperarousal theory
in this context. The activation of the sympa-
thetic nervous system and the release of
adrenaline and noradrenaline increases HR,
blood pressure, and leads to a state of physi-
ological arousal that interferes with sleep.
This is especially relevant during the night
when the body is trying to rest. In addition,
chronic activation of the sympathoadrenal
system can lead to a state of hyperarousal,
which can make it difficult for individuals
with insomnia to fall asleep or stay asleep.
This may be due in part to a dysregulation of
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the body's stress response system, which can
lead to increased sensitivity to stressors and
difficulty in calming down. Reviewed stud-
ies found that patients who suffer from
IOSSD show increased sympathetic activity,
overall sympathovagal imbalance and ex-
hibit cardiovascular autonomic dysfunction
(10, 11, 12). Overall, findings suggest that
the hyperarousal theory provides a promis-
ing framework for understanding the mech-
anisms underlying the link between sleep
disorders and CD. However, further research
is needed to explore this theory and to deter-
mine their relative contributions to the path-
ophysiology of IOSSD and CD.

The results of this review suggest that
ISSD is a potential target for interventions to
prevent CD. Sleep hygiene interventions,
cognitive-behavioral therapy for insomnia
(CBT-I) (13), and pharmacological treat-
ments for insomnia (14) could be useful for
treating ISSD. Future studies should further
investigate the effectiveness of these inter-
ventions on reducing the risk of CD associ-
ated with ISSD.

During this review we made some note-
worthy observations that have important im-
plications for the assessment and manage-
ment of patients with ISSD. Some studies
found no significant or considerably smaller
differences between groups when groups
were based on subjective reporting but found
significant and more explicit differences
when groups were based on objective meas-
urements (5, 10, 11). This indicates that ob-
jective measurements of sleep duration are
critical in understanding the true impact of
sleep on health outcomes. While subjective
sleep duration reporting has been commonly
used in clinical assessments, our review sug-
gests that relying solely on such reports may
not be sufficient to accurately assess the se-
verity of sleep disturbances. Therefore, the
of objective such as

use measurcs,



actigraphy or polysomnography, should be
considered in clinical practice for a more
comprehensive evaluation of sleep disorders
and their impact on cardiovascular health.

Additionally, some studies have found
significant differences in susceptibility be-
tween genders (12) and certain ethnic
groups (3). These findings suggest that fu-
ture research in this area should explore po-
tential gender and ethnic disparities in the as-
sessment and treatment of ISSD. This could
help identify specific subgroups of patients
who may require tailored interventions to
optimize sleep quality and overall health
outcomes.

Conclusion

Our review provides evidence that
IOSSD is a significant predictor of poor car-
diovascular health outcomes, including AH,
inflammation, and cardiovascular complica-
tions. Healthcare providers should be aware
of these associations when evaluating pa-
tients with IOSSD and consider interven-
tions that may improve sleep quality and du-
ration to reduce the risk of CD and its com-
plications. Further research is needed to de-
termine the underlying mechanisms that link
IOSSD and CD and to develop effective in-
terventions to reduce the risk of these out-
comes.
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Introduction: An ultramarathon is a running event exceeding the ‘classical’ distance of 42.125 kilometers.
Over the last decade the sport has seen a steady rise in popularity in Bulgaria and currently during the active
season a minimum of two big events are hosted every month. Aim: The aim of this review is to familiarize
medical specialists with the physiological demands of the sport during training and com-petition, and to
focus on the underlying pathophysiology and treatment of the most common medical problems that occur
during races. Materials and methods: The body of evidence on the topic has been increasing in correlation
with the rising popularity of the sport. Three databases were searched for this review — PUBMED, Google
Scholar and Science Direct. Results and discussion: The major physiological changes that occur during
ultra-endurance events are fairly stereotypical and affect the respiratory, cardiovascular, muscular and met-
abolic systems. The specific physiological demands are related to the low intensity and long duration of the
races, which often exceed 4 and last up to 25-30 hours, depending on the distance, level of the athlete,
terrain, weather, etc. The most common medical conditions that affect participants, include, but are not
limited to: musculoskeletal injuries, GI tract disturbances, heat stroke and heat exhaustion, hypothermia,
exercise-associated hyponatremia, blisters, chafing, etc. Conclusion: The understanding of the underlying
physiology and pathophysiology of ultramarathon running is essential for the effective medical coverage

of races and for ensuring the health and longevity of every athlete in the sport.
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1. Introduction

An ultramarathon is a running event that
exceeds the ‘classical’ marathon distance of
42.195 kilometres. Pheidippides is the cen-
tral figure of the legend, that gave birth to
this modern sport. According to it, when the
Greeks defeated the Persians at the battle of
Marathon, he ran the distance from the bat-
tlefield to Athens, to announce the victory,
then collapsed and passed away. What is of-
ten omitted from this romantic story is the
part where he ran from Athens to Sparta and
back, the days before the infamous battle — a
total distance of 480 kilometres. 2000 years
later the Olympic marathon was born, and
we can safely assume Pheidippides is not
only the grandfather of the marathon, but
also of the ultramarathon. His journey and
death were immortalised in one of the most
famous ultra races — the Spartathlon (1).

Generally most single-stage races are be-
tween the distances of 50 to 200 km, with a
duration of 6 to 48 hours (2). The popularity
of trail running and ultramarathons has
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grown significantly in the past decade in
Bulgaria, evidenced by the number of differ-
ent races, most notably during the sum-
mer (3). That has necessitated the expansion
of studies and literature that relate to the
physiological adaptations to the sport and
the medical complications that can occur
during training and racing.

To adequately understand the physiologi-
cal and pathophysiological demands and
changes that result from ultramarathon rac-
ing we have to mention the great variety of
environmental factors that accompany them,
mainly, the wide amplitude of temperatures,
duration, elevation gain and loss, altitude,
humidity, weather changes, etc.

2. Aims

The general aim of this review is to com-
pile the available and most up-to-date infor-
mation regarding the physiology of ultra-
marathons, specifically the respiratory, car-
diovascular, renal, metabolic and muscular
demands and changes, and to further



extrapolate the most common medical com-
plications and the underlying pathophysiol-
ogy of the imbalance between these systems.

3. Methods and results

For the purpose of this review the medical
databases PubMed, Google Scholar and Sci-
ence Direct were searched with several com-
binations of the following terms: ‘ultramara-
thon’, ‘physiology’, ‘pathophysiology’, ‘en-
durance’, ‘cardiovascular’, ‘respiratory’,
‘metabolism’, ‘nutrition’, ‘hyponatremia’,
‘Gl distress’, ‘rhabdomyolysis’, ‘injury’,
‘acute kidney injury’. The search yielded 40
articles, including case reports, original re-
search, reviews, systematic reviews, and
metanalyses. Additionally, two websites and
two books were used.

4. Discussion

4.1. Physiological changes and
demands
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Figure 1. Physiological changes

Respiratory system

The changes that are observed in the res-
piratory system during any aerobic physical
activity are fairly stereotypical and have
been thoroughly investigated. There is some
variability depending on the intensity of
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exercise, which help us determine the differ-
ences in various types of running races from
short to long, to ultra distances, but never-
theless we see a coherent model of change in
respiration, typical for running.

The main concepts that we use to describe
respiration are the various lung volumes and
capacities. Normally during rest breathing
rate is at a mean value of 12 per minute and
tidal volume (TV) is in the range of 0.5 litres,
which amounts to a minute ventilation of 6
litres. Maximum voluntary ventilation meas-
urements per minute have shown a capacity
to reach 100 litres for the general population
and up to 200 litres for trained endurance
athletes. This goes to show that the respira-
tory system is well capable of maintaining
moderate aerobic physical activity even in
the untrained general population (4).

At the starting point of any aerobic exer-
cise lies the increased muscle workload that
is needed to move the body, which is intri-
cately connected with the respiratory sys-
tem. The actively working muscles firstly
need the activation of a large number of lo-
comotor neurons which ultimately leads to
mass activation in the cerebral cortex. Sec-
ondly, the same muscles need a significant
amount of energy in the form of ATP, which
at low intensity rates, typical for ultramara-
thons, require the aerobic burning of fat and
carbohydrates, ultimately leading to an in-
creased need of oxygen delivery and carbon
dioxide removal. This is where above nor-
mal activation of the respiratory system is
needed to adequately answer to those needs,
and this process is comprised of three
phases. In phase I the combination of central
and peripheral neurogenic stimuli to the cen-
tre of breathing in the medulla leads to ab-
ruptly increased ventilation — a combined
surge in breathing rate and tidal volume. In
phase II minute ventilation rises exponen-
tially, reaching a steady state of activation,



which is mainly maintained by the continu-
ing peripheral neurogenic stimuli and the ad-
ditive effect of chemical stimulation, as a
product of increased metabolism. In phase
IIT the steady ventilatory state is fine tuned
to the increasing metabolic and chemical by-
products of exercise — mainly carbon dioxide
and H+ concentration, and lactate to a lesser
extent (4). Maintaining a high volume of
phase III steady state ventilation is a typical
trait of ultramarathons, generally as a result
of long duration of time on feet and inter-
spersed bouts of higher intensity running,
specifically in races with high elevation gain
and loss. This has prompted the hypothesis
that a decrease in lung function could be ex-
pected after such an event and it has been in-
vestigated with positive result, where a sig-
nificant number of studies have shown that
to be mainly a combination of inspiratory
and expiratory muscle fatigue (5, 6). In some
cases lower airway inflammation as a result
of ultra endurance running has also been ob-
served and the main mechanism of that is
implied to be exercise-induced bronchocon-
striction (7). Lastly, in some studies pulmo-
nary edema has been observed after ultra-
marathon races which were held at high alti-
tude (8). The conclusion that we can draw
from these findings is that lung function im-
pairments should be expected and well man-
aged during ultramarathon races.

Cardiovascular system

In endurance exercise the heart sees a typ-
ical activation process in accordance with
that of the respiratory system — the oxygen,
supplied by the lungs, must reach the active
workforce — the muscles. The onset of a run-
ning activity is met with the following re-
sponse from the cardiovascular system: the
vessels of active musculature are dilated
through primarily local chemical mecha-
nisms, namely the release of NO from the
endothelium; vasculature in other areas of
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the body, that are inactive, is constricted,
which leads to decreased venous pooling and
increased venous flow to the right atrium;
heart rate is markedly increased and for
steady-rate running it often reaches 70-80%
of maximal heart rate which is generally per-
ceived as moderate intensity — typical for ul-
tramarathons; stroke volume is also mark-
edly increased and ranging anywhere be-
tween 100 and 200 ml, mainly due to the
aforementioned increased preload and more
specifically owing to the Frank-Starling
mechanism; all of these changes lead to in-
creased cardiac output as an adequate re-
sponse to increased workload and it can
reach values ranging between 20 to 40 litres
per minute, depending on the aerobic fitness
of athletes (4, 9). Repeating such aerobic ac-
tivity in training leads to well documented
adaptations comprising the athlete heart syn-
drome which includes rhythm changes,
namely resting bradycardia, augmented va-
gal tone, left ventricular hypertrophy and in-
creased ventricular and atrial dimensions
(10). Maintaining such a level of cardiac ac-
tivity for between 4 and 30 hours is specific
for ultramarathon races and it has been hy-
pothesized that this could lead to impaired
cardiac function, based on documented in-
creased levels of cardiac biomarkers in pe-
ripheral blood post-race (11). However con-
clusive evidence on the risk for myocardial
injury and dysfunction is still elusive and
studies have shown mixed results depending
on the duration and intensity of races, where
longer and lower in intensity races show
lower levels of impaired cardiac function or
none at all (6, 12).

Skeletal musculature

Physiologically muscles are described as
consisting of two main types of fibre — slow
twitch (type I) and fast twitch (type II),
which differentiate significantly in their con-
tractability and energetic resource. As in



every endurance sport, in ultramarathon run-
ning the predominant muscle fibre type is the
slow-twitch fibre, comprising up to 95% of
the most actively trained muscle mass (4,
13). Nevertheless, there is no quantitative or
qualitative difference in muscle structure,
metabolism or function that differentiates ul-
tra endurance exercise from endurance exer-
cise in general.

Endocrine system

The response of the endocrine system at
the onset of exercise is stereotypical for en-
durance exercises of most types. The bout of
physical activity is considered as a stressor
and the subsequent release of hormones is
meant to facilitate the adequate reaction to it.
The pituitary gland increases its secretion of
growth hormone and ACTH which have an
important role in carbohydrate, protein and
fat metabolism, and simultaneously releases
AVP (ADH) as a response to increased
sweating and dehydration. Prolactin is also
increased in endurance exercise, which can
have a detrimental effect to the menstrual cy-
cle for women who overtrain. Of the thyroid
hormones, mainly the level of free T4 is in-
creased. Adrenal hormones, both medullar
and cortical, see the most drastic level
changes in physical exercise, as they are di-
rectly related physiologically to cardiac out-
put, arterial blood pressure, energy expendi-
ture and metabolism. Epinephrine and nore-
pinephrine are both increased, where their
levels are intensity-dependent and differ at
different levels of VO,max. Aldosterone
levels are elevated, owing mainly to the
renin-angiotensin system and cortisol secre-
tion is stimulated through the higher concen-
tration of ACTH. Gonadal hormones, though
not directly metabolically active, are also af-
fected. In women estradiol and progesterone
levels are increased, and in men testosterone
levels have shown a varying change depend-
ing on exercise type and intensity, so the
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consensus is still equivocal (4). To summa-
rise, more specifically for ultra-endurance
exercise are observed increased blood con-
centrations of growth hormone, ACTH,
AVP, epinephrine, norepinephrine, cortisol,
aldosterone, estradiol and progesterone,
whereas clinically relevant decrease has
been noted only for testosterone (2, 14).

Energy expenditure and metabolic

requirements

Intuitively ultramarathon running can be
perceived as an activity that has extreme lev-
els of energy expended for a given distance.
For non-scientific purposes the formula 1
kcal expended per kilogram of body mass
per kilometre of level running can give us a
general estimation — for an average runner of
75 kg body weight, running a 100 km ultra-
marathon, the expenditure would be around
7500 kcal. If we assume that mountain ultra-
marathons of the same distance include on
average around 5000 metres of elevation
gain, we can add that every 100 m of eleva-
tion gained are roughly equal to an addi-
tional 1 kilometre of level running, or an av-
erage mountain ultramarathon is around 1.5
times as energetically requiring as a level
race of the same distance (4, 15). The most
widely used scientific methods for measur-
ing energy expenditure are doubly-labelled
water method, direct and indirect calorime-
try, however their incorporation in on-field
studies on ultramarathon running has not
been sufficient or possible to produce
enough conclusive data (16).

Generally, for any type of endurance ex-
ercise the two main energetic resources are
fat and carbohydrates, with endogenous
stores of fat being estimated as more than
100 000 kcal for an average athlete, while
carbohydrates in the form of muscle and
liver glycogen are calculated at around 3000
kcal (17). Numerous studies have shown that
the oxidation ratio of fat to carbohydrates is



dependent on the exercise intensity, most
commonly described as a percentage of
VO;max, and logically in ultramarathon
running as a lower-intensity type endurance
activity (<70% VO,max) free fatty acids
(FFA) have been observed as the predomi-
nantly oxidized fuel in a 70:30 percentage
ratio in the latter’s favour (13). Nevertheless,
the role of glucose is crucial even at low in-
tensities, when endogenous stores are de-
pleted and carbohydrates are not exoge-
nously supplemented, especially in moun-
tain ultramarathons, where bouts of high in-
tensity running are interspersed throughout
slower running, owing to the widely varying
terrain (18, 19). Current recommendations
for carbohydrate intake during racing pro-
pose consuming between 60 to 90 grams per
hour of multiple transportable carbohy-
drates, i.e., a mixture of glucose and fructose
in ratios between 2:1 and 1:0,8 in favour of
glucose. Higher quantities of carbohydrate
consumption have been linked with more
frequent symptoms of GI distress and are not
deemed beneficial (20).

4.2. Pathophysiological problems
Exercise-associated
hyponatremia

Exercise-induced
gastrointestinal syndrome

\ ¢

Exertional
rhabdomyolysis

Musculoskeletal E
injuries w

Figure 2. Pathophysiological problems
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Exercise-associated hyponatremia

Exercise-associated hyponatremia (EAH)
is a common problem for endurance and ul-
tra-endurance events and was once exclu-
sively related to ultramarathons (21). It is de-
scribed as a plasma sodium level below 135
mmol/l as a result of prolonged aerobic ex-
ercise and includes symptoms of cramping,
dizziness and weakness to seizures, altered
mental status, cerebral and pulmonary
edema, coma, and death (2, 22). The patho-
genesis requires a sequence of events that
happen exclusively during physical activity:
increased muscle workload produces sub-
stantial amounts of heat that is dissipated
mainly through sweating; the increased
sweat rate results in a fairly equilibrial loss
of water and electrolytes; the dehydration is
perceived as thirst and the athlete consumes
large quantities of hypotonic fluid without
adequately substituting the lost electrolytes
which leads to hyperhydration and relative
hyponatremia; dehydration also is a signal
for the secretion of AVP which leads to wa-
ter retention by blocking the excretion of
urine in the collecting ducts. Another mech-
anism involved in the excess production of
hypotonic liquid is the metabolism of glyco-
gen, which specifically plays an adjuvant
role in ultramarathons where most of the
liver and muscle glycogen storage is de-
pleted (23, 24). Other hypothesized mecha-
nisms are related to the secretion of IL-6,
which happens often with rhabdomyolysis —
a problem that is specific to ultra endurance
exercise, and that is believed to further acti-
vate the secretion of AVP by non-osmotic
pathways (25). The most effective measure
against EAH is prevention, mostly by educa-
tion about the condition and its conse-
quences. Physicians as part of the medical
coverage teams should be attentive to the en-
vironmental factor of ultramarathon races,
namely extreme heat and humidity. Athletes



should learn appropriate rehydration and
cooling strategies, avoid excessive fluid re-
pletion, which is best done to individually
calculated sweat rates, and supplement so-
dium orally. The specific treatment of symp-
tomatic EAH consists of intravenous admin-
istration of hypertonic saline by the follow-
ing regimen: 100 ml of 3% saline adminis-
tered every 10 minutes until resolution of en-
cephalopathy symptoms (25).

Gastrointestinal distress

Gastrointestinal distress symptoms are a
commonality for runners and endurance ath-
letes and are a frequent symptom in long
training runs, marathon and ultramarathon
races. They are also one of the most common
reasons for poor race performance and race
non-completion (26). Most runners present
symptoms of nausea, bloating, abdominal
cramps, vomiting, diarrthoea and faecal in-
continence (22). The appearance of GI dis-
tress has also been termed as exercise-in-
duced gastrointestinal syndrome (EIGS). Its
pathophysiology is multifactorial but gener-
ally consists of two main mechanisms: the
onset of steady state exercise is followed by
redistribution of blood flow to the active
musculature which in turn leads to vasocon-
striction and hypoperfusion in the splanchnic
region, termed circulatory-gastrointestinal
pathway (CGP); the start of strenuous phys-
ical activity is also accompanied by a general
surge in sympathetic activity and release of
stress hormones which affects negatively
general intestinal functionality, termed neu-
roendocrine-gastrointestinal pathway (NGP).
The main consequence of the CGP is
splanchnic ischemia which leads to epithe-
lial dysfunction — intestinal permeability is
enhanced, followed by bacterial transloca-
tion and an increase in circulatory endotoxin
levels. The NGP is the main reason for a de-
crease in intestinal motility, delayed gastric

82

emptying and impaired absorptive transport
mechanisms, leading to malabsorption (27).
EIGS is one of if not the most exclusively
specific condition related to ultramarathon
racing. One of the reasons for its high prev-
alence is the extreme total amount of energy
expenditure reaching up to 15-20 000 kcal
for a typical 160 km ultramarathon and
which requires a very aggressive fuelling
strategy during a race as an ergogenic aid to
performance (28, 29). The sheer quantities
of food and fluid that must be ingested can
lead to bloating, flatulence, nausea and vom-
iting, while non-compliance to the fuelling
strategy can also be detrimental — leading to
dehydration, that aggravates splanchnic hy-
poperfusion, and hypoglycaemia (26). Med-
ical coverage at races should be prepared to
face the consequences of EIGS, however a
specific treatment regimen has not been yet
described. The general principles of man-
agement are directed at the underlying path-
ophysiology and include: cessation of exer-
cise or lowering exercise intensity; maintain-
ing an euhydrated state and avoiding the
consumption of hyper- and hypotonic fluids;
consuming carbohydrates up to 45 g/h as it
has been beneficial in ameliorating symp-
toms in some studies; avoidance of NSAIDs
and COX-inhibitors (30). Some general
strategies that athletes should follow are:
starting exercise and racing in an euhydrated
state and maintaining proper hydration lev-
els by ingesting appropriate amounts of iso-
tonic fluids and adequate amounts of carbo-
hydrates, generally between 45-90 g/h; fol-
lowing a gut-training protocol, i.e., practic-
ing specific fuelling strategies during train-
ing exclusively, and following the most em-
pirically beneficial plan in racing (27).

Acute kidney injury
Acute kidney injury (AKI) describes a
sudden loss of kidney function that is



determined on the basis of increased serum
creatinine levels (a marker of kidney excre-
tory function) and reduced urinary output
(oliguria) (a quantitative marker of urine
production) and is limited to a duration of
7 days (31). The condition has been ob-
served regularly in different studies after ul-
tramarathon races, but there is no consensus
on its prevalence, which is ranging from 0%
to 85% (32). AKI is often asymptomatic in
the stages of injury and remains undiagnosed
in most cases (7). The most common bi-
omarkers that are used for diagnosis are se-
rum creatinine levels and eGFR calculations,
but some studies have also used novel bi-
omarkers like cystatin C, neutrophil gelati-
nase-associated lipocalin and kidney injury
molecule-1 (33, 34). The underlying patho-
physiology of AKI in endurance exercise is
multifactorial and several mechanisms and
risk factors have been proposed: as previ-
ously mentioned, the increased blood flow to
the muscles leads to vasoconstriction in the
splanchnic region, which ultimately leads to
decreased renal blood flow, where the result-
ant ischemia, when extremely prolonged, as
in ultramarathons, can be associated with
glomerular and tubular damage; rhabdomy-
olysis, which frequently occurs with extreme
endurance exercise, is a main factor for the
release of myoglobin in the bloodstream,
which can have a direct toxic effect on the
tubules or obstruct them mechanically; de-
hydration from racing in extreme heat and
humidity can exacerbate the effect of renal
vasoconstriction; NSAIDs are probably the
most important risk factor specifically in ul-
tramarathons, where their usage between
participants is highly prevalent, and patho-
physiologically act by diminishing the in-
trinsic glomerular production of prostaglan-
dins, which are the main mechanism for
maintaining adequate kidney blood flow in
the conditions of endurance exercise (32,

83

33). Concerning the asymptomatic nature of
AKI, medical coverage at races should focus
on the accompanying risk factors, their pre-
vention and the education of athletes on
early signs of rhabdomyolysis and dimin-
ished kidney function. Alertness about the
environmental risk factors and their effects
should also be of consideration.

Exertional rhabdomyolysis

Rhabdomyolysis is literally defined as
dissolution of striated muscle. It is caused by
the breakdown and necrosis of muscle tissue
and the release of intracellular content into
the blood stream (35). When the cause of
muscle damage is strenuous physical activity
it is defined as exertional rhabdomyolysis
(ER) (36). The underlying pathophysiology
of rhabdomyolysis has been investigated
thoroughly and a satisfactory explanation
has been established. During rest the muscle
cell homeostasis is largely directed by the
action of the Na-K-ATP-ase pump and the
Na-Ca exchanger, which secure a high intra-
cellular concentration of potassium and low
of' sodium and calcium. At the onset of phys-
ical activity when muscle contractions are
needed, there is a surge in Ca concentration
in the sarcoplasm which along with ATP, ac-
tively act in the process of actin-myosin link-
ing and thus, contraction (37). The main
mechanism that leads to rhabdomyolysis is
damage to the sarcolemma and the direct un-
derlying cause is the increased intracellular
concentration of Ca ions which activate pro-
teolytic enzymes, ultimately leading to my-
ocyte disintegration (35). Sarcolemmal in-
jury can be multifactorial and the most im-
portant factors are depletion of ATP and di-
rect destruction through trauma or toxins.
The specificity of ER to ultramarathons is
associated with both of these factors — the
extreme energy expenditure can lead to ATP
depletion in certain muscle groups, whereas



muscle damage can occur in part because of
the multi-hour duration of races or also due
to repetitive eccentric contractions, which
are typical for downhill running in races with
multiple elevation changes (38, 39). Addi-
tionally, environmental factors like heat and
humidity, and the resulting dehydration, can
compound the effect of physical activity.
The result of ER is the release of intracellu-
lar myocytic proteins like creatine kinase
(CK), lactate dehydrogenase (LDH), aspar-
tate and alanine transaminase (AST, ALT),
myoglobin, alongside with intracellular ions,
most importantly potassium and phospho-
rus. The increased levels of these proteins
and ions in the blood are the main diagnostic
laboratory markers (40). The clinical presen-
tation of ER is a complicated problem,
where in most patients only asymptomatic
elevation of CK, LDH, and myoglobin levels
is observed, in 10% is present the triad of
muscle pain, weakness and dark-coloured
urine, and in a small subset there can be se-
vere complications like acute kidney injury,
compartmental syndrome and cardiovascu-
lar abnormalities (35, 40). Generally the data
on the prevalence of ER in ultrarunners is in-
complete, owing to the high amount of
asymptomatic cases, which leads to the con-
clusion that severe cases as a result of ultra
endurance racing are not frequent (38, 41).
However, medical coverage at races should
be attentive to the symptomatic athletes, as
the consequences of ER can be life-threaten-
ing. Treatment depends on the severity of
symptoms: in mild cases, rest and oral rehy-
dration in an outpatient setting are sufficient;
in symptomatic athletes or when levels of
CK are five times above the upper reference
value, hospitalization should be considered,
where in the appropriate setting it is easier to
perform venous rehydration and tracking of
CK and electrolyte levels (42).
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Musculoskeletal injuries

Injuries to muscles, tendons and cartilage
are a typical part of most sports and ultra-
marathon runners are not spared. What’s
more, running is associated more often with
such types of damage, because of the great
physical load that it exerts on the body — the
continuous ‘pounding’ of the feet on the
earth. Logically, injuries affect almost exclu-
sively the lower limb, with the ankle and
knee most susceptible. There is a clear dif-
ference between experienced and novice
runners, where in the latter injuries occur
more often due to the combination of worse
running technique and economy and weaker
musculoskeletal apparatus (43). By mecha-
nism injuries in running are overuse injuries
and often include mechanical damage to tis-
sues with subsequent inflammatory changes.
The most prevalent injuries reported due to
ultramarathon running are the following:
femoropatellar syndrome in the knee; Achil-
les tendinitis and peritendinitis of the exten-
sor muscle tendons in the anterior of the an-
kle (also termed ‘ultramarathoner’s ankle’);
medial tibial stress syndrome (shin splints)
and exercise-induced compartmental syn-
drome in the lower leg (2, 44). The most
widely used method for treatment is the
RICE (rest, ice, compression, elevation) pro-
tocol, although the severity of the injury may
merit a consultation with physical therapy
and sports medicine specialists for more spe-
cific treatment, including surgery (44).

5. Conclusion

Ultra-endurance exercise, particularly ul-
tramarathon running, has grown exponen-
tially in popularity in the last twenty years.
The growing number of participants in such
events, has made available a large and still
growing group of recreational and profes-
sional athletes, available for the scientific



exploration of the physiologic and patho-
physiologic effects of this extreme endur-
ance feat. Our review compiled a sample of
the most recent studies to show that although
there seem to be no particular physiologic
adaptations specific to ultra-endurance exer-
cise, there are some clear medical complica-
tions that are exclusively related to this
sport, namely — hyponatremia, exercise-in-
duced gastrointestinal distress and rhabdo-
myolysis. Nevertheless, this review is by no
means as comprehensive and detailed as the
topic suggests and further investigation on
the long-term effects, adaptations and com-
plications of the sport will be needed, espe-
cially in Bulgarian athletes.
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Introduction: Rheumatoid arthritis is a progressive autoimmune disease, affecting primarily the peripheral
synovial joints, characterized by inflammation and pannus formation, that results in pain, structural deform-
ities, and disability. The distinction between early and established RA is based on the duration of symptoms
and signs; early RA has a duration of less than 3 months and established RA with a duration of more than
3 months. Objective: This paper explores the differences and similarities between early and established
RA, discusses the diagnostic methods, and evaluates the efficacy of early and late treatment. Material and
methods: The investigators did a systematic search of publications in PubMed based on keywords which
were predetermined and related to the objective of this review. Sources which only contained an abstract
were removed. The investigators conducted the initial search and verification of the sources, and papers
which fit the requirements were selected. Results and discussion: Early treatment is associated with less
structural joint damage and decreased disability. On the other hand, without timely treatment, there is a
high possibility of developing permanent structural damages and extraarticular spread of the disease. Thor-
ough knowledge and understanding of the early symptoms of RA permits an adequate and timely treatment
of the disease. Conclusion: Early RA diagnosis leads to a better prognosis. Symptoms of established RA
are easier to recognize and more easily diagnosed, however they are associated with a worse outcome.

Keywords: Rheumatoid arthritis, treatment outcomes, RA stages, early symptoms

Introduction

Rheumatoid arthritis is a progressive au-
toimmune disease primarily of the joints
characterized by inflammation of the articu-
lar and extra-articular structures resulting in
pain, disability, and increased mortality!!!.
The most common are the knees, wrists, and
ankles. Rheumatoid arthritis is estimated to
affect about 1% of the population and to be
twice as common in women than in men.
The onset of RA is between 30-50 years of
age, and it is thought to be a combination of
genetic and environmental factors!?). The on-
set of the disease, the severity of symptoms,
and the joints affected varies depending on
the presence or absence of certain genetic
factors interacting with various environmen-
tal elements. The delineation between the
stages of RA is complex and there is still no
formal consensus about the terms “early
RA” (ERA) and “established RA” (EsRA).
Some studies provide a specific time period
for the two terms, others just use general
terms, such as “early disease”, and other
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studies differentiate based on specific clini-
cal or laboratory findings (joints affected,
level of erosion, level of CRP or RF). There
are currently no pathognomonic tests for
rheumatoid arthritis and the diagnosis is pri-
marily clinical. The main clinical assessment
tool used to diagnose RA and differentiate it
from other inflammatory arthritis is the
EULAR criteria®l. The treatment of RA
should begin at the onset of the clinical
symptoms in order to prevent extensive tis-
sue damage. RA treatment options include
pharmacological (DMARDs, NSAIDs, cor-
ticosteroids, biologics) and non-pharmaco-
logical (smoking cessation, nutrition, physi-
cal therapy, and surgery) methods.[?!

Purpose

This paper will discuss the differences
and similarities between early and estab-
lished rheumatoid arthritis. It will explore
the diagnostic methods for early RA and
evaluate the efficacy of early and late treat-
ment methods.



Material and methods

Investigators systematically searched rel-
evant databases such as PubMed using pre-
determined keywords related to rheumatoid
arthritis, including early signs, outcomes,
early and late stages, and spotting early
signs. Inclusion and exclusion criteria were
used to narrow down the target papers. The
inclusion criteria contained papers which fit
the requirements and the exclusion criteria
included studies that only contained ab-
stracts, case reports, letters to editors, edito-
rials or required payment or subscription.
Full text screening was then conducted by
reviewing the articles in detail. Relevant data
was extracted for the objectives, and con-
flicts between reviewers were resolved with
the assistance of a supervisor. Duplicate pa-
pers were eliminated from the review.

Results

When beginning the analysis of the re-
sults, it is vital to highlight the fact that there
is no formal definition of “early RA”. Of the
25 papers which were analyzed, 6 of them
had no specific definition for early RA, 12 of
them used generalized terms like early and
established RA, and 7 of them gave a defini-
tion and a specific time frame. Two papers
define early RA as symptoms lasting less
than 3 months, 3 describe it as less than 2
years, and 2 describe it as less than one year.
Established RA is more clearly defined.
Most rheumatologists agree that established
RA is associated with pain in the joints, re-
duced functionality, and in some cases sub-
stantial structural changes!®!.

Rheumatoid arthritis is a multifaceted con-
dition characterized by heterogeneous clini-
cal manifestations and resemblance to other
types of connective tissue disorders, render-
ing its diagnosis challenging. There are no
pathognomonic symptoms of RA, therefore
the diagnosis consists of the clinical findings,
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laboratory results, and diagnostic imaging.
12 of'the total 25 papers found do not discuss
diagnostic methods. In the other 13 papers,
the most commonly mentioned diagnostic
methods are the 2010 ACR/EULAR criteria
(mentioned 14 times), laboratory tests (men-
tioned 7 times), and diagnostic imaging
(mentioned 3 times). All papers discussing
diagnosis of rheumatoid arthritis used a
combination of diagnostic methods, rather
than relying on a single criterion for classifi-
cation. In addition to the ACR/EULAR cri-
teria, there were 7 papers which discussed
using laboratory analysis for diagnosis of
RA. In all 7 papers, the main serological fac-
tors mentioned were ESR, CRP, RF, and
anti-CCP. In 3 of'the papers, there were other
tests mentioned such as testing for liver/ kid-
ney function, WBC count, CBC, immuno-
globulins, and complement levels.

In the 25 papers on treatment and medical
therapy, 22 listed the main medications used,
including DMARDs (conventional and bio-
logical), NSAIDs, corticosteroids, and bio-
logic therapies. Only 1 paper did not men-
tion any medication, and 2 papers had no
specific medication mentioned.

DMARDs

17 of the 25 papers mentioned DMARDs
as a treatment used for RA, with conven-
tional DMARDs types such as methotrexate,
gold, sulfasalazine, hydroxychloroquine be-
ing prescribed. 8 papers mentioned metho-
trexate (MTX) as the main conventional
DMARD used for RA. Sulfasalazine was
mentioned in § papers, often in combination
with other DMARD:s. 2 of the papers speci-
fied that sulfasalazine was the most frequent
initial DMARD used. Conventional
DMARDs hydroxychloroquine and lefluno-
mide were mentioned in 6 and 5 papers re-
spectively, but their use as first line therapy
was not specified.



In 14 of the papers, DMARDs were either
the first line medication or recommended as
an initial treatment for RA after diagnosis. In
7 of those papers, methotrexate was the first
line treatment, whereas in 1 of the papers, it
was a second line treatment. According to
ACR and EULAR guidelines, if methotrex-
ate is contraindicated then leflunomide or
sulfasalazine are used as the first line treat-
ment'?. In paper 6, it was shown that sul-
fasalazine is the most frequent initial
DMARDs used, with methotrexate mono-
therapy being the next choice!®!.

Biologics/Biological DMARDs

These include agents such as TNF alpha
inhibitors (Infliximab, etanercept and ada-
limumab), IL-1 inhibitors, B-cell and T-cell
depletors. 21 of the papers discuss the use of
biologics and their specific types. 17 papers
mentioned TNF-alpha inhibitors/antagonists
as a treatment option and the remaining 4 pa-
pers do not mention this medication specifi-
cally. Paper 7 states that the first biologics
used in practice were the TNF-inhibitors!’l.
Paper 8 states that TNF-alpha inhibiting
agents were the initial class of biologics or
biological DMARDs, with Infliximab being
the first TNF-inhibitors for RA treatment®],
In terms of other types of biological medica-
tion or biological DMARDs, Tocilizumab
(I1-6 inhibitor) and Anakinra (IL-1 inhibitor)
were mentioned twice, and Rituximab (B
cell depletor) was mentioned 3 times.

Other medications

Various treatments were mentioned in the
papers, including JAK inhibitors, cortico-
steroids (glucocorticoids), and NSAIDs.
Two papers discussed the use of JAK inhib-
itors in combination with biologics or
DMARD:s. Corticosteroids were mentioned
in 11 papers, with glucocorticoids specified
as the corticosteroid used in 4 of those
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papers and mentioned as a first-line treat-
ment in 1 paper. NSAIDs were mentioned in
4 papers, with 1 paper considering them as a
first-line treatment. Steroids were also dis-
cussed as treatment options in 2 papers.

Surgery

Surgery for rheumatoid arthritis is a last
resort mentioned only once in the 25 papers.
The type of surgery is determined by patient
needs and may include tenosynovectomy,
radiosynovectomy, or osteotomy.

Outcomes regarding early and

established RA

In 12 papers, references were made to dif-
ferent treatment types used in early RA and
their outcomes regarding clinical and radio-
graphic progression, disease activity, and re-
mission. Only 2 papers reported on treat-
ments and outcomes for both early and es-
tablished RA. 8 papers discussed treatment's
positive impact on radiographic progression
and outcomes. In paper 1, a meta-analysis of
12 studies found that DMARD treatment
within 2 years of diagnosis resulted in 33%
less radiographic progression compared to
later treatment, with benefits lasting up to 5
years!!. Natural remission occurs in 10% of
early RA cases. 6 papers reported on post-
treatment remission rates, with 1 paper re-
porting a higher rate of remission and the
others noting patients achieving remission
with various indices.

DAS28 (disease activity score) and HAQ
(health assessment questionnaire) indices
were mentioned in 4 papers. ERA showed a
greater decrease in DAS28 value (0.9 £ 1.5)
than established RA (0.2 + 1.0)!*). Early
treatment groups had lower HAQ DI scores
in paper 11111, 752% of ERA patients
reached HAQ score below 0.5 with MTX in
paper 13.113]



Other indicators used to assess the out-
comes after treatment included functional
capacity, progression of erosion, EULAR re-
sponse, and disability. In 2 of the papers, the
progression of erosion was reduced follow-
ing treatment. Functional capacity was also
found to be improved after early treatment!?!.
In terms of established RA, paper 6 showed
that established RA patients showed better
control of disease activity and reduction of
progression of erosion in initial combination
DMARD therapy. Similar outcomes were
found for early rheumatoid arthritis patients.
Paper 23 highlights that in the therapeutic
management of ERA and EsRA, there was a
greater decrease in DAS28 value in ERA 1%

Discussion

There is no formal time frame for the
terms “early RA” or “established RA”, de-
spite the use of these in many of the studies
reviewed. The problem with applying a time
frame is that the onset and development of
the disease varies greatly among patients,
and the clinical symptoms, such as joint
pain, disability, and erosion, occur at differ-
ent rates and may not develop in some
cases.

Early detection and treatment of RA is vi-
tal, as with any disease. However, the diffi-
culty lies in diagnosing the condition be-
cause of the challenge in identifying relevant
markers. Another difficulty arises when at-
tempting to distinguish RA from other in-
flammatory conditions. Given the absence of
pathognomonic tests for RA, a diagnostic
strategy that encompasses clinical symp-
toms, laboratory assessments, and diagnostic
imaging becomes quite essential. The main
way in which RA is diagnosed is by the
ACR/EULAR criteria. These criteria were
designed to differentiate RA from other
forms of arthritis and allow for prompt treat-
ment. Patients are scored based on 4 criteria
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(arthritis, serological tests, disease duration,
and acute-phase reaction). Scoring 6 or more
points out of 10, results in a classification of
definite rheumatoid arthritis.!

Patients who 1) have at least 1 joint
with definite clinical synovitis (swelling),
2) with the synovitis not better
explained by another disease

score
Joint involvement

=1 large joint

>1 large joint

1-3 small joints

4-10 small joints

> 10 joints (small jointZ1)

mow N o= e

A score of > 6/10 by scoring
or

i : " No Skraiegy
with erosions typical for RA Negative RF and ACPA 0
Low positive RF or ACPA 2
Yes High-positive RF or ACPA k]
Duration of symptoms
<6 weeks 0

26 weeks 1
acute-phase reactants

Normal CRP and ESR 0
Abnormal CRP or ESR 1

definite RA

Ascore of > 6/10 is needed for classification
Start methotrexate

of n patient as having definite RA

(3]

* Rheumatoid arthritis classification criteria
published by the ACR/EULAR in 2010

The ACR/EULAR criteria is reliable in
diagnosing RA because they consider clini-
cal symptoms, laboratory analysis, and dura-
tion of symptoms. However, a weakness is
that they do not distinguish between early
RA and established RA. Its only function is
to diagnose RA and to differentiate it from
other inflammatory disorders. The second
weakness is in the serological markers. Two
of the markers used are CRP and ESR. These
two markers are not specific to RA and can
be elevated in any number of other diseases.
The two other markers are RF and ACPA.
These two markers are more sensitive and
specific for RA; however, RF can still be el-
evated in patients with other connective tis-
sue diseases such as systemic lupus and scle-
roderma. Despite this, if both RF and ACPA
are positive, the sensitivity and specificity of
the diagnosis is increased substantially.

In EsRA, the primary challenge is con-
trolling disease activity and preventing joint
damage. EsRA is often associated with more
severe symptoms and joint damage, and
treatment can be more complicated as pa-
tients may have already developed drug re-
sistance and may require more aggressive



treatment strategies. Treatment options for
EsRA include DMARDs, NSAIDs, cortico-
steroids, and surgery in severe cases.
DMARD:s are the mainstay of treatment but
more aggressive approaches may be neces-
sary. NSAIDs manage pain and inflamma-
tion, while corticosteroids may be used in
higher doses for longer periods. Joint re-
placement surgery may be required for se-
vere cases.

The main objective of initial treatment is
to reduce pain and inflammation, using fast-
acting drugs like nonsteroidal anti-inflam-
matory drugs (NSAIDs). These include As-
pirin, Naprosyn, Advil, Motrin, and Lodine.
Aspirin, one of the oldest NSAIDs, is effec-
tive at high doses for RA due to its prosta-
glandin inhibition properties!'*. Co-admin-
istration of steroids in conjunction with
DMARD:s or biological therapies during the
early stages of rheumatoid arthritis (RA)
may confer a greater propensity for remis-
sion induction and control of radiological
progression when compared to DMARD
monotherapy!!/.

The objective of second-line treatment,
achieved through the use of DMARDEs, is to
slow or halt joint destruction, deformity pro-
gression and promote remission. DMARDs
are considered slow-acting as they may take
weeks to months to take effect!!*l. Early
DMARD therapy is crucial and cost-effec-
tive when started promptly. Monotherapy,
combination DMARDs, and biologic thera-
pies all show better efficacy in early disease
compared to established RA!. However,
combining 3 DMARDs is more effective
than single DMARD therapy in reducing ra-
diographic erosions in early RA. Current ev-
idence supports the use of conventional syn-
thetic DMARD combinations over MTX
monotherapy. Although biological and syn-
thetic DMARD combinations have shown
greater efficacy than MTX alone, they come
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with increased side effects and costs. TNF is
a protein that triggers joint inflammation. Bi-
ologic drugs like Enbrel, Remicade, Humira,
Simponi, and Cimzia inhibit TNF, prevent-
ing inflammation by stopping cell recruit-
ment, leading to rapid symptom relief. They
are recommended when other second-line
treatments are ineffectivel!4],

The progression of disease activity is
measured by the DAS28 and HAQ criteria.
While these are both used as the main meth-
ods for measuring disease progression, the
DAS criteria is more reliable. The DAS28
criteria is a more objective way of measuring
the progression of disease, through swollen
joints, general health, and laboratory
measures of acute inflammation including
ESR and CRP. While the HAQ criteria is a
more subjective measure, relying on patient
self-assessment of the difficulties of doing
specific everyday tasks (eating, dressing,
walking, etc).

Surgery is a final option for treating RA,
reserved for cases where joint destruction
leads to intractable pain and functional de-
cline after nonsurgical methods have failed.
At this stage, the disease is considered “end-
stage”. The aim of surgery is to relieve pain
and restore joint function, with the specific
procedure chosen based on the patient's indi-
vidual needs.!'¥

In terms of the accuracy and validity of
this paper, there are a few weaknesses that
need to be mentioned. One weakness is the
limited sample size of only 2 papers directly
comparing early vs established RA. Few pa-
pers directly compare early and established
RA due to challenges in diagnosing RA as a
whole, and defining a specific time period
for “early RA”. Additionally, the recognition
of symptoms and diagnosis of arthritis in the
earlier stages pose further difficulties. Early
stages of RA may be asymptomatic, and by
the time clinical

symptoms appear,



significant inflammation and damage may
have already occurred. This leads to a delay
in diagnosis which in turn leads to a delay in
the starting of treatment in RA. Finally, there
were many inaccessible articles due to pay-
walls, subscriptions, or institutional access
requirements. These may have been relevant
to the discussion and could have altered the
results of the paper. It is also important to
note that due to the strict requirements and
criteria set by the researchers, many papers
had to be excluded from the analysis leaving
few studies to actively use for the discussion.

Conclusion

Rheumatoid arthritis is a complex disease
with a relatively unknown etiology. It is fur-
ther complicated by differing symptoms, dif-
ferent age of onset, and different progression
of the disease in every person. This paper
aimed to analyze differences between “early
RA” and “established RA”, discuss diagnos-
tic methods, and evaluate treatment ap-
proaches. The line differentiating early, and
established arthritis is still the subject of
much disagreement within the medical com-
munity, and the factors which need to be
considered are many and varied. The diag-
nosis is also multifaceted and requires a
combination of clinical symptoms, labora-
tory analysis, and diagnostic imaging. The
researchers found that while the identifica-
tion and diagnosis of RA can be challenging,
it is also vital for medical professionals to
recognize the signs as early as possible and
to begin treatment. Identification of RA and
its treatment in earlier stages can affect dis-
ease course, prevent the development of
joint erosions, or retard progression of ero-
sive disease. In summary, there is no way to
effectively emphasize the importance of rec-
ognizing the early signs of systemic inflam-
mation and being able to place a diagnosis of
early rheumatoid arthritis.
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The administration of drugs through the nasal passage (Nasal Drug delivery systems) is emerging as an
effective and reliable pathway to deliver therapeutic agents widely used in the treatment of neurodegener-
ative disorders such as Parkinson’s and Alzheimer’s diseases. It represents a noninvasive pathway to reach
the brain and cerebrospinal fluid, successfully bypassing the blood-brain barrier (BBB), which is an effec-
tive barrier to the diffusion of large and polar molecules, such as some drugs, from the blood stream into
the central nervous system (CNS). Ropinirole is a dopamine agonist used in the treatment of Parkinson's
disease and restless legs syndrome (RLS). It is typically taken orally, but this method of administration is
associated with nausea, vomiting and extensive first pass effect. The medicine, delivered via a nasal form
can provide improved bioavailability and reduced side effects compared to the traditional oral administra-
tion. The aim of this review is to summarize the data published in the scientific literature regarding the
nasal administration of ropinirole by different types of delivery systems. Several types of nasal delivery
systems have been explored, including intranasal suspensions, solutions, and gels. These delivery forms
contain ropinirole nano- and microparticles, which offer several potential advantages over traditional oral
administration, including controlled release of the drug, better bioavailability and faster onset of action.
However, they also present unique challenges related to drug stability, dosage accuracy, and mucociliary
clearance. Nasal administration of ropinirole nano- and mircoparticles solutions is a promising option for
patients with Parkinson's disease and restless legs syndrome. Further research is needed regarding the de-

livery systems and to determine the frequency of administration.

Nasal route as an alternative to

conventional drug delivery paths

Nasal drug delivery systems are gaining
popularity as a potential solution to the chal-
lenges associated with the oral administra-
tion of drugs, particularly for neurodegener-
ative disorders such as Alzheimer's and
Parkinson's diseases, which require direct
access of the drug to the brain. These disor-
ders are characterized by the loss of specific
neurons in the brain, leading to cognitive and
motor dysfunction.

Traditional oral administration of drugs
for these conditions often faces challenges
such as poor blood-brain barrier (BBB) pen-
etration, extensive first-pass effect, and low
bioavailability. The successful treatment of
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central nervous system (CNS) diseases re-
quires quick and effective delivery of drugs
into the brain by fast onset of the desired
drug concentration in the systemic circula-
tion and availability of the drug for a pro-
longed time.

The more conventional techniques for ad-
ministering drugs are often not effective in
delivering certain therapeutic agents to the
brain. The BBB limits the transfer of drugs
from the circulatory system to the central
nervous system. While the BBB protects the
brain and spinal cord from a range of patho-
gens, it also acts as a significant obstacle to
many xenobiotics used in treatments, and the
transport of any molecule into the brain via
the circulatory system is highly regulated.



Another challenge in oral drug delivery is
the first-pass metabolism. It occurs when a
drug is absorbed through the gastrointestinal
tract (GIT) and enters the portal circulation,
which takes the drug to the liver. There, the
drug undergoes metabolism, resulting in a
reduced amount of drug that reaches the
blood and the intended target, respectively,
thereby compromising its efficacy.

An additional problem with orally admin-
istered drugs is undesired systemic effects.
These can occur once the drug is in the sys-
temic circulation, where it can interact with
other tissues and organs, thus leading to side
effects.

Nasal drug delivery offers several ad-
vantages, including improved drug uptake
and transport, bypassing the blood-brain bar-
rier, enhanced therapeutic effects, and re-
duced systemic toxicity. The Nose to brain
method explores the physiological connec-
tion between the nose and cerebrospinal
fluid (CSF) through the olfactory and

trigeminal nerves to administer drugs to the
brain (Fig. 1).

The olfactory neural pathways begin in an
area located on the roof of the nasal cavity.
Olfactory neurons are dispersed among epi-
thelial cells found in the location. When
drugs are applied to the olfactory epithelium,
they can be transported to the central nerv-
ous system through olfactory neurons, either
through  paracellular or transcellular
transport. The trigeminal nerve also ends in
the olfactory bulbs in the brain, transmitting
sensory information from the nasal cavity to
the central nervous system.

Even though the nasal route of drug de-
livery has numerous advantages, there are
still factors like enzyme activity and muco-
ciliary clearance (MC) that can reduce drug
absorption and bioavailability. Enzymes in
the nasal cavity, such as cytochrome P450,
and aminopeptidase, can degrade drugs, and
nasal mucociliary clearance limits drug up-
take.

Olfactory
Nerve

Trigeminal
Nerve

Nasal

Epithelium

Olfactory
Epithelium

Figure 1. Olfactory and Trigeminal nerve position in the nasal cavity, Nose-to-brain peptide delivery —
The potential of nanotechnology — Scientific Figure on ResearchGate. Available from:
www.researchgate.net/figure/Olfactory-and-Trigeminal-nerve-position-in-the-nasal-cavity fig3 320863158

[accessed 19 Mar 2023]
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Ropinirole in the treatment of diseases

of the central nervous system

Parkinson's disease (PD) is a chronic neu-
rodegenerative condition that results in the
reduction of dopamine (DA) and degrada-
tion of neurons in the brain. The disease is
characterized mainly by motor dysfunction
symptoms such as tremors, rigidity, bradyki-
nesia, and postural disturbances. Currently
available medications improve symptoms
and reduce physical disability in patients, but
these effects usually last only a few years be-
fore the disability progresses.

Ropinirole is a drug commonly used in
the treatment of neurodegenerative disor-
ders, including Parkinson's disease. It is a
non-ergoline D2/D3 dopamine agonist. Do-
pamine agonists act directly on the dopa-
mine receptors and mimic dopamine's effect.
Although the exact mechanism of action of
ropinirole is not yet known, it is thought to
be due to stimulation of D2-type receptors in
the brain. In addition to Parkinson's disease,
ropinirole is also used to treat restless leg
syndrome and other movement disorders.
Generally, the drug is well-tolerated. Some
common side effects have been noted, in-
cluding nausea, dizziness, sleep disorders,
and GIT discomfort. However, they are
linked mainly to the oral administration of
the medication. These issues may be ad-
dressed by using alternative routes of drug
administration such as the nasal delivery.

The ideal drugs for nasal drug delivery for
Parkinson’s disease should have properties
such as good lipophilic solubility and low
molecular weight. In addition, drugs should
have neuroprotective effects, to promote
neuronal survival and function.

Ropinirole-loaded dosage forms for

nasal administration

Ropinirole nasal drug formulations can
be designed as gels, emulsions, solutions and
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others, for optimal drug delivery. Ropinirole
nasal solutions are typically designed to be
sprayed into the nostrils and can provide
rapid symptom relief. Ropinirole nasal gels
and emulsions, on the other hand, can offer
sustained drug release and enhanced drug
stability.

Advantages of thermoreversible in situ
nasal gels include their ability to provide a
sustained release of medication and form a
more viscous formulation enduring MC,
thanks to their mucoadhesive properties.

Thermoreversible solutions are in a liquid
state at low temperatures but transform into
a gel when exposed to higher temperatures —
optimal being 31-34°C which is close to the
physiological temperature of the human na-
sal cavity. The close contact between the
mucoadhesive polymer and biological tissue
wets the polymer, thus leading to its swelling
and bonding with mucosa.

Thermoreversible in situ nasal gel of
ropinirole was prepared using PF 127 as the
thermoreversible polymer. Gelling time, gel-
ling temperature, gel strength and adhesive
force were evaluated. Ex vivo studies were
carried out on fresh sheep nasal mucosa.
Histological evaluation of the treated sheep
nasal mucosa with plain drug solution and
the In situ nasal gel revealed that the gel has
a protective effect on the mucosa, whereas
plain ropinirole resulted in slight cellular
damage.

Ex vivo diffusion of several batches of
gels was found to be between 56 to 100% in
a span of 5 h. A decrease in the diffusion of
drug was evident with an increase in the con-
centration of PF 127.

Nanoparticles have gained significant at-
tention as a promising platform for drug de-
livery due to their unique size, shape and sur-
face characteristics. They have a size range
of 1-1000 nanometers and can be used as
carriers to enhance the bioavailability of



drugs. Once administered through the nose,
nanoparticles can take different pathways
based on their size. If their size is between
10 and 300 nm, drugs are delivered straight
to the brain by the olfactory pathway.

Ropinirole-loaded solid lipid nanoparti-
cles (SLNs) were created using the double
emulsion method, which is used for the en-
capsulation of highly hydrophilic drugs such
as ropinirole. Glycerol monostearate (GMS)
and soya lecithin were used as carrier and
stabilizer respectively.

Different ratios of GMS/Soya lecithin
were prepared and was studied their effect
on particle size. (Table 1)

As the ratio of GMS to Soya lecithin de-
creased, the particle size of SLNs also

decreased. F3 has been found to be the for-
mulation with the highest drug entrapment
and optimal particle size.

Drug release of the particles, as well as
pure ropinirole solution, was tested in vitro
using a diffusion cell and a dialysis mem-
brane soaked in water and with buffer solu-
tion. Ex-vivo permeation studies were also
carried out — a diffusion cell was used with
the sheep nasal mucosa as the permeation
barrier.

Ex-vivo drug release of particles over 24 h
was 53.75%. When tested with the pure
ropinirole solution, ex-vivo drug release was
88.15% within 6 h and 93.66 % by 24 h.

(Fig. 2)

Table 1. Composition of the nanoparticles, with differences in the GMS/Soya lecithin ratio (Priya, Sneh
& Koland, Marina & Kumari, Suchetha. (2015). Formulation and characterization of ropinirole hydro-
chloride loaded solid lipid nanoparticles. International Journal of Pharmacy and Pharmaceutical Sci-

ences. 7. 85-89.)

Effect of GMS: soya lecithin ratio on particle size

Formulation GMS/soya lecithin ratio Particle size PDI
code (W/W) (nm)
F1 90:10 867+6.75 0.753+0.016
F2 85:15 571.6+6.27 0.685+0.005
F3 80:20 462.2+4.55 0.547+0.013
F4 75:25 433.1+5.95 0.288£0.006

E;
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Figure 2. Ex-vivo release profile of drug formulations SLNs (below) and pure ropinirole solution
(above) over 24 h period (Priya, Sneh & Koland, Marina & Kumari, Suchetha. (2015). Formulation and
characterization of ropinirole hydrochloride loaded solid lipid nanoparticles. International Journal of
Pharmacy and Pharmaceutical Sciences. 7. 85-89.)
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Conclusion

Both in vitro and ex vivo release experi-
ments showed that Ropinirole-loaded solid
lipid nanoparticles and in-situ gel had a pro-
longed release compared to pure drug solu-
tion. SLNs have shown impressive ad-
vantage compared to gels in regards to per-
centage of drug release over the course of the
first 5-12 h after administration. Therefore,
these nasal drug administration formulations
could be a promising platform for enhancing
the bioavailability of Ropinirole.
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Introduction: Preparation of nanoparticles by the “green synthesis” has the advantage of using environ-
mentally friendly and biodegradable materials. The used plants provide new and unique properties to the
synthesized nanoparticles due to the presence of bioactive compounds in them. Uncaria tomentosa and
Camellia sinensis have been the subjects of numerous studies due to their antioxidant, anti-inflammatory
and immunomodulatory effects. Metal and metal oxide-based nanoparticles are widely used in cancer ther-
apy as drug delivery carriers, diagnostic agents, and mediators of innovative therapies. Aim: Preparation,
characterization and photothermal investigation of silver and iron nanoparticles obtained by the “green
synthesis” by Uncaria tomentosa and Camellia sinensis. Materials and methods: Uncaria tomentosa,
Camellia sinensis, AgNO3 and FeNO3 were used to synthesize the nanoparticles. The resulting nanoparti-
cles were characterized by electron microscopy and dynamic light scattering. An infrared laser was used
for the photothermal studies, and temperature changes were recorded with a thermal camera. Results and
Discussion: Nanoparticles were successfully prepared by ,,green synthesis“. At the beginning of the fabri-
cation, the color of the extracts changed, which is an indicator of preparation of nanoparticles. This was
later confirmed by electron microscopy and dynamic light scattering. The thermal results indicated their
potential application in photothermal therapy. Conclusion: Uncaria tomentosa and Camellia sinensis are
suitable reducing agents in green synthesis. The resulting silver and iron nanoparticles have the potential

to mediate photothermal therapy.

Keywords: nanoparticles, green synthesis, nanomedicine, photothermal therapy, laser therapy

1. Introduction

Nanotechnology as a field of study fo-
cuses on the synthesis, characterization, and
practical applications of nanomaterials
across various scientific disciplines. Nano-
particles, with their unique properties, have
been extensively utilized in medicine and
pharmacology for the diagnosis and treat-
ment of tumors and other diseases. Due to
their surface properties, nanoparticles ex-
hibit higher reactivity to macromolecules
such as proteins, antibodies, nucleic acids,
and more!?. Therefore, they can be designed
to target specific tissues accurately, resulting
in a much lower effective dose of medica-
tion, thereby minimizing side effects.

Traditional methods of creating nanopar-
ticles are often expensive, require special-
ized equipment and can have a negative im-
pact on the environment. In contrast, “green
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synthesis” involves the use of environmen-
tally friendly materials to produce nanopar-
ticles>. One of the notable advantages of
green synthesis is its simplicity. The process
involves using plant extracts as reducing
agents, eliminating the need for harmful
chemicals or toxic solvents typically used in
conventional synthesis methods. Moreover,
plant phytochemicals not only act as reduc-
ing agents but also contribute to the thera-
peutic potential of the synthesized nanopar-
ticles.

Uncaria tomentosa (also known as cat’s
claw) has antioxidant, antimicrobial, im-
munomodulating and anti-inflammatory
properties. Due to its content of oxindole al-
kaloids, the plant possesses potential anti-
tumor properties4. Extracts from U. tomen-
tosa demonstrate antiproliferative effects
against various cancer cell lines. Similarly,



Camelia sinensis, known as green tea, has
been found to lower the risk of cancer and
exhibit efficacy in inhibiting tumor growth®.
It is associated with cancer prevention due to
its ability to modulate genes involved in the
initiation, promotion, and progression of tu-
mors.

Photothermal therapy is a type of cancer
treatment that uses light energy to generate
heat and destroy cancer cells. This therapy
works by using a photosensitive agent, usu-
ally nanoparticles®, to absorb light energy
and convert it into heat. Cancer cells are
more heat-sensitive compared to healthy
cells due to disorganized tumor blood ves-
sels, which reduced heat dissipation. Addi-
tionally, photothermal therapy has fewer
side effects than traditional cancer treat-
ments, and it can be used in combination
with other therapies to enhance their effec-
tiveness’.

The photothermal performance of nano-
particles depend on their conversion effi-
ciency. Conversion efficiency is a measure
of how efficiently the absorbed laser energy
is converted into heat and is great for inor-
ganic nanoparticles such as silver and iron.
Bimetallic nanoparticles are of growing in-
terest® because they can exhibit a variety of
properties with synergistic effect when two
different metals are combined.

The aim of our research was preparation,
characterization and photothermal investiga-
tion of bimetallic nanoparticles composed of
silver (Ag) and iron (Fe) obtained by the
“green synthesis” by Uncaria tomentosa and
Camellia sinensis.

2. Materials and methods

2.1. Synthesis of Ag-Fe nanoparticles

Uncaria tomentosa and Camellia sinensis
water extracts were prepared at room tem-
perature or at 80°C, for 60 minutes. The
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synthesis of Ag-Fe bimetallic nanoparticles
was performed by mixing 0.1 M AgNO3 and
0.1 M FeNO3 in a solution, which was then
heated to 60°C. The resulting mixture was
added to a plant extract in a 1:1 proportion,
stirred, and heated at 80°C for 1 hour. The
formation of the nanoparticles was moni-
tored and confirmed by a change of the solu-
tion color to black. The reaction was centri-
fuged, and the supernatant was discharged.
The product was then washed with ethanol
and left to dry.

2.2. Characterization of nanoparticles

TEM images were performed by a Ta-
los® F200C G2 TEM transmission electron
microscope. The hydrodynamic particle size
distribution was determined by using a Mi-
crotrac® Nanotrac particle size and zeta po-
tential analyzer. Elemental composition of
the synthesized bimetallic nanoparticles was
determined using energy-dispersive X-ray
spectroscopy (EDS). Fourier transform in-
frared analysis was used for functional group
detection.

2.3. Thermal measurements of samples

Suspensions of Ag-Fe nanoparticles in
distilled water were prepared in concentra-
tions of 10 mg/ml, 25 mg/ml, and 50 mg/ml.
The samples were placed into the 2.5-ml ep-
pendorf conical tubes and irradiated with
808 nm infrared laser. All studies were ob-
tained at room temperature and were con-
ducted triplicate. We used distilled water as
a control. For tissue phantom samples a por-
cine muscle tissue was homogenized by stir-
rer and mixed with Ag-Fe nanoparticles in
the same concentration — 10 mg/ml,
25 mg/ml, and 50 mg/ml tissue. The control
was blended porcine muscle alone. Changes
in temperatures were measured by an infra-
red camera (FLIR Systems).



3. Results and discussion

3.1. Synthesis and characterization of

Ag-Fe nanoparticles

The Ag-Fe bimetallic nanoparticles were
successfully synthesized. TEM revealed that
all the nanoparticles are nearly spherical
with an average core size in the range of ap-
proximately 16-33 nm (Fig. 1A and 1B).
The minimal hydrodynamic diameter was
measured to be 60 nm for green tea-based
nanoparticles and 50 nm for cat's claw-based
nanoparticles. Additionally, both TEM and
DLS analysis revealed the formation of ag-
gregates.

EDS confirmed the presence of Ag and Fe
ions in the nanoparticles. Interestingly, the

A. 100" nm

ratio of Ag to Fe ions was found to be differ-
ent in the nanoparticles synthesized using
green tea and cat claw. In the case of green
tea-based nanoparticles, Ag signals domi-
nated, while in the case of cat claw-based na-
noparticles, both Ag and Fe ions had approx-
imately equal ratios. The presence of C and
O peaks could be due to the phytochemicals
present on the surface of the Ag—Fe nanopar-
ticles.

FTIR identified IR bands corresponding
to hydroxy groups stretching (O—H) within
polyphenols, C—H stretching vibration of
methyl groups (2946 cm—1 and 2873 cm—1),
C-0 stretching of ester groups (1290) and
C-O stretching of primary alcohols (1080)
(Fig. 2A and 2B).
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Figure 1. Characterization of nanoparticles. A) TEM of Camellia sinensis Ag-Fe Nps. B) TEM of Un-

caria tomentosa Ag-Fe Nps.
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Figure 2. Characterization of functional groups. A) FTIR of Camellia sinensis Ag-Fe Nps. B) FTIR of

Uncaria tomentosa Ag-Fe Nps.



3.2. Thermal performance of nanoparticles

We investigated the thermal properties of
4 samples — two were synthesized using Ca-
mellia sinensis (one at room temperature and
one at 80°C) and two were synthesized using
Uncaria tomentosa under the same condi-
tions. Upon laser irradiation, all nanoparticle
suspensions exhibited a significant increase
in temperature, sufficient for achieving hy-
perthermia (Fig. 3A). Notably, the nanopar-
ticles synthesized using green tea extract at
room temperature demonstrated the highest
performance, with a temperature increase of
26.7°C.

A

Figure 3. Thermal measurements. A) Water sus-
pension of Ag-Fe Nps. B) Tissue phantom with
Ag-Fe Nps.

We also tested the temperature change in
tissue phantom (Fig. 3B). In this experiment
we used blended porcine muscle tissue in-
stead of distilled water, in order to mimic the
body environment. Results were lower than
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these of nanoparticle suspensions, but suffi-
cient for hyperthermia. Again, the nanopar-
ticles synthesized using green tea extract at
room temperature demonstrated the highest
performance.

4. Conclusion

The “green synthesis” is a promising
method for the synthesis of bimetallic nano-
particles. All the Ag-Fe nanoparticles pro-
duced in this study exhibited potential for
application in photothermal therapy. The
Camellia sinensis Ag-Fe nanoparticles syn-
thesized with plant extraction at room tem-
perature showed the highest photothermal
performance.
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Antibiotic resistance is a massive public health concern that necessitates the development of new antibiot-
ics. One such development is novel beta-lactam/beta-lactamase inhibitor combinations (BLBLIs). The pres-
ence of lactamases, enzymes that degrade the beta-lactam rings and render antibiotics ineffective, causes
bacterial resistance to beta-lactam antibiotics. However, BLBLIs inhibit these enzymes, enabling the anti-
biotic to take effect. Examples include Ceftazidime-avibactam, Ceftolozane-tazobactam, Meropenem —
vaborbactam, among several others. These options are for treating multidrug-resistant (MDR) Pseudomo-
nas aeruginosa and Enterobacterales. Ceftazidime-avibactam is used to treat Enterobacterales that produce
extended-spectrum-lactamase (ESBL), Klebsiella pneumoniae carbapenemase (KPC), AmpC, as well as
carbapenem-resistant Pseudomonas aeruginosa. Ceftolozane-tazobactam is also a carbapenem-resistant P.
aeruginosa (non-carbapenemase producing) treatment option with some activity against ESBL-producing
Enterobacterales. Meropenem-vaborbactam has emerged as a treatment option for Enterobacterales pro-
ducing ESBL, KPC, or AmpC, with anti-P activity. Beta-lactamase inhibitors are classified as beta-lactam
compounds (tazobactam) or non-beta-lactam compounds (avibactam and vaborbactam); these three agents
are part of the combinations included in this review. The first combination of Beta-Lactam/Beta-Lactamase
inhibitors used over a long period is amoxicillin and clavulanic acid. Compared to amoxicillin-clavulanic
acid, the new BLBLIs have different content ratios. For example, Ceftolozane-Tazobactam has a 2:1 ratio;
Ceftazidime-avibactam has a 4:1 ratio. Lower MIC (minimum inhibitory concentration) values indicate that
less drug is required to inhibit the organism’s growth; therefore, drugs with lower MIC scores are more
effective antimicrobial agents. New approaches to developing and expanding the effectiveness of Beta-
lactamase inhibitors are currently in progress.

Keywords: Antibiotic resistance, BLBLI, Minimum inhibitory concentration

ceftazidime-avibactam, which combines a
third-generation cephalosporin (ceftazidime)

Introduction
Antibiotic resistance is a growing prob-

lem worldwide, leading to 1.27 million
deaths globally, surpassing HIV/AIDS or
malaria-related deaths.! This issue requires
immediate attention, and developing new
antibiotics is necessary to tackle antibiotic
resistance rates. One approach to addressing
antibiotic resistance is the development of
novel beta-lactam antibiotics, a class of
agents that target bacteria by interfering with
their cell wall synthesis.> The beta-lac-
tam/beta-lactamase inhibitor (BL/BLI) com-
binations prevent the degradation of beta-
lactam antibiotics by beta-lactamases, which
are enzymes produced by bacteria. By inhib-
iting the action of beta-lactamases, the
BL/BLI combinations enable beta-lactam
antibiotics to exert their antibacterial effect.
This review will discuss novel BL/BLIs to
treat resistant infections. One such agent is

103

with a beta-lactamase inhibitor (avibactam).
Ceftazidime-avibactam has been approved
by the EMA (European Medicines Agency)®
to treat complicated urinary tract infections
(cUTlIs), complicated intra-abdominal infec-
tions (cIAls), hospital-acquired pneumonia
(including ventilator-associated pneumo-
nia), and infections caused by aerobic Gram-
negative organisms. Another novel combi-
nation is meropenem-vaborbactam — a com-
bination of the carbapenem antibiotic mero-
penem and the beta-lactamase inhibitor
vaborbactam.* It was approved by EMA in
2018 based on several clinical trials.’ It is in-
dicated for the treatment of complicated uri-
nary tract infections, including pyelonephri-
tis, caused by susceptible Gram-negative
bacteria in adult patients. Ceftolozane-tazo-
bactam is an antibiotic combination that has



been approved by EMA for the treatment of
cUTIs and cIAls in adults. Ceftolozane-tazo-
bactam consists of two active ingredients:
ceftolozane, a cephalosporin antibiotic, and
tazobactam, a beta-lactamase inhibitor.°

Studies conducted by public and private
organizations reveal the alarming rise of
B-lactam resistance among Gram-negative
bacteria in both hospital and community set-
tings. The primary mechanism of antibiotic
resistance in these bacteria is the production
of P-lactamases, enzymes that deactivate
B-lactam antibiotics by breaking down their
amide bond. Despite being identified for
over 70 years, B-lactamases remain a signif-
icant scientific challenge. Two classification
systems categorize P-lactamases. The Am-
bler classification system, introduced 30
years ago, divides B-lactamases into four
classes based on their amino acid se-
quences.” In contrast, the Bush-Medeiros-
Jacoby classification system groups them ac-
cording to functional properties. This review
focuses on the Ambler classification system.

Class A enzymes include plasmid-medi-
ated and chromosomally-encoded [-lac-
tamases with broad-spectrum, extended-
spectrum, and carbapenemase activity. Class
B enzymes are metallo-f3-lactamases that hy-
drolyze penicillins, cephalosporins, and car-
bapenems, such as NDM-1 found in
Klebsiella pneumoniae and Escherichia coli.
Class C enzymes are cephalosporinases that
are chromosomally encoded or plasmid-me-
diated. Class D enzymes, or oxacillinases,
have a substrate preference for oxacillin and
rapidly expand with enzymes that hydrolyze
extended-spectrum cephalosporins and car-
bapenems.®

Currently, three commercially available
B-lactamase inhibitors exist: clavulanic acid,
sulbactam, and tazobactam. These inhibitors
have a standard B-lactam structure and are
active against most class A B-lactamases but
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have limited effect on class C and are essen-
tially inactive against class B and most class
D enzymes.

Developing novel BL/BLI antibiotics is a
fundamental approach to antibiotic re-
sistance. Much research has been conducted
on the class of beta-lactam antibiotics that
show positive results against treating several
drug resistance infections using MRSA;’
however, more research and development of
novel beta-lactam antibiotics will be crucial
to fighting antibiotic resistance.

Methods

PubMed was searched for articles pub-
lished between 2010 and 2023 using the key-
words “novel beta-lactam antibiotics”,
“ceftolozane-tazo-

2 ‘Cmech_

“ceftazidime-avibactam”,
bactam”, “meropenem-vaborbactam”,

anism of action”, “clinical trials” and “effi-
cacy”. Data on the mechanism of action and
in vitro activity of these antibiotics against
resistant bacteria and resistance mechanisms

were extracted.'®

Results and discussion

The authors found that ceftazidime-avi-
bactam, ceftolozane-tazobactam, and mero-
penem-vaborbactam effectively treat infec-
tions caused by multidrug-resistant Gram-
negative bacteria, a growing concern in
healthcare due to limited treatment options.
Ceftazidime-avibactam effectively treats
complicated urinary tract infections, compli-
cated intra-abdominal infections, and hospi-
tal-acquired pneumonia caused by Gram-
negative bacteria, including those that pro-
duce beta-lactamases such as extended-spec-

trum  beta-lactamases (ESBLs) and
Klebsiella pneumoniae carbapenemase
(KPC).!'" The efficacy and safety of

ceftazidime-avibactam have been evaluated
in several clinical trials. In a phase 3 trial, the
combination was found to be non-inferior to



meropenem in treating cIAls. Another phase
3 trial demonstrated the non-inferiority of
ceftazidime-avibactam to doripenem
treating cUTIs. Additionally, the combina-
tion is effective in the treatment of hospital-
acquired pneumonia caused by Gram-nega-
tive bacteria.

in

Ceftolozane-tazobactam has demon-
strated efficacy in treating complicated uri-
nary tract infections and complicated intra-
abdominal infections caused by Gram-nega-
tive bacteria, including those that produce
ESBLs and AmpC beta-lactamases. Tazo-
bactam is effective against many beta-lac-
tamase enzymes, including classes A and C.
Ceftolozane-tazobactam is effective in clini-
cal trials for treating complicated intra-ab-
dominal infections and complicated urinary
tract infections. In a phase 3 trial, ceftolozane-
tazobactam was found to be non-inferior to
meropenem for the treatment of cIAl In an-
other phase 3 trial, ceftolozane-tazobactam
was found to be non-inferior to levofloxacin
plus metronidazole for the treatment of
cUTL!? Ceftolozane-tazobactam has also
been studied to treat ventilator-associated
bacterial pneumonia (VABP). In a phase 3
trial, ceftolozane-tazobactam was found to
be non-inferior to meropenem for treating
VABP caused by Gram-negative bacteria.

Meropenem-vaborbactam was approved
by the Food and Drug Agency in 2017 for
treating complicated urinary tract infections,
complicated intra-abdominal infections, and
hospital-acquired pneumonia caused by
Gram-negative bacteria, including those that
produce KPC.!*> One of the advantages of
meropenem-vaborbactam over other BL/BLI
combinations is its spectrum of activity
against MDR P. aeruginosa, which is often
resistant to other antibiotics commonly used
to treat Gram-negative infections.

Avibactam, one of the recently developed
BLIs, and clavulanic acid, the oldest BLI in
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use, are both used in combination with cer-
tain antibiotics to enhance their activity
against a broader range of bacteria, but there
are specific differences in their ability to af-
fect various types of B-lactamases.'* Clavu-
lanic acid is a class A and C B-lactamase in-
hibitor; it is active against many beta-lac-
tamases, including those produced by some
strains of Staphylococcus aureus, Esche-
richia coli, Klebsiella pneumoniae, and oth-
ers Gram-negative bacteria. However, it has
a narrow spectrum of inhibition and is inef-
fective against carbapenemases or metallo-
B-lactamases.!> On the other hand, avibac-
tam is an extensive spectrum beta-lactamase
inhibitor that has been shown to function
against a broader range of beta-lactamases,
in particular, some classes A, class C, and
class D.!® Avibactam can also inhibit some
carbapenemases and certain metallo-f3-lac-
tamases resistant to other beta-lactamase in-
hibitors. Another difference is the mecha-
nism of action. Clavulanic acid is a compet-
itive inhibitor of beta-lactamases, meaning it
competes with the antibiotic for binding to
the enzyme's active site. In contrast, avibac-
tam is a non-suicidal beta-lactamase inhibi-
tor that forms a covalent bond with the en-
zyme, which can prevent it from being inac-
tivated by the beta-lactamase.!” Finally, avi-
bactam has a better safety profile than clavu-
lanic acid. Avibactam has been associated
with fewer adverse events and has a lower
potential for drug interactions than clavu-
lanic acid. Overall, avibactam is a newer and
more advanced beta-lactamase inhibitor than
clavulanic acid, with a broader spectrum of
activity, a unique mechanism of action, and
a better safety profile. This makes it a more
powerful tool for combating antibiotic re-
sistance caused by beta-lactamase-produc-
ing bacteria. However, it is essential to note
that the choice of beta-lactamase inhibitor
depends on the type of beta-lactamase



produced by the bacterial strain causing the
infection and the antibiotic used in combina-
tion.!®

The B-lactamase inhibitors are formulated
with a partner-lactam based on two primary
considerations: 1) the inhibitor's ability to in-
hibit B-lactamases that are capable of hydro-
lyzing the B-lactam and ii) similarities in
pharmacokinetic properties (such as elimi-
nation half-lives, metabolic pathways, and
biodistribution) to guarantee that the f-lac-
tam structural integrity will be safeguarded
over a predetermined amount of time.!” The
pathogen, bacterial burden at the site of in-
fection, the B-lactamase involved, the B-lac-
tamase transcription level(s), the involve-
ment of another resistance mechanism, the
potency of the inhibitor, the potency of the
B-lactam, the pharmacokinetics/biodistribu-
tion of the B-lactamase inhibitor and the
pharmacokinetics/biodistribution of the
B-lactam are all critical factors.”® Most
BL/BLIs that are commercially available are
provided in fixed-dose ratio combinations,
except amoxicillin-clavulanic acid, which is
available in a variety of B-lactam-to-inhibi-
tor ratios. BL/BLIs' dose ratios are partly de-
termined by their in vivo and in vitro antimi-
crobial efficacy. For instance, ceftolozane-
tazobactam has a 2:1 dose ratio of
ceftolozane to tazobactam because this ratio
had minimum inhibitory concentrations
(MICs) against ESBL-producing strains that
were significantly lower than those of the 8:1
or 4:1 dose ratios.® Studies on the survival of
infected mice treated with various ratios of
ceftazidime-avibactam supported the com-
mercial 4:1 ratio.?! Even though these com-
mercial formulations have demonstrated
high rates of efficacy in clinical trials, in
some clinical scenarios (such as when en-
zyme hyperproduction or severe [high inoc-
ulum] infections are encountered), it may be
necessary to allow for some flexibility in the
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pairing and dosing of the individual compo-
nents of the combination. The plan of inde-
pendent inhibitors could likewise work with
convenient pairings to suit one-of-a-kind
clinical requirements (e.g., promptly match-
ing aztreonam with avibactam against dis-
connects associated with holding onto class
A and B B-lactamases).

There is ongoing debate regarding the
most effective method for BL/BLI suscepti-
bility testing. Though concentrations vary, a
fixed ratio of B-lactam to inhibitor is used for
susceptibility testing of older combinations,
such as amoxicillin-clavulanic acid and am-
picillin-sulbactam. The 2:1 fixed dose ratio
used in susceptibility testing for ampicillin-
sulbactam reflects the 2:1 dose ratio used in
all commercial formulations.?? This suscep-
tibility testing arrangement is expected to re-
flect the concentration ratios that can be
achieved in vivo due to the similarities in
pharmacokinetics between ampicillin and
sulbactam. The same 2:1 ratio is used for in
vitro susceptibility testing of clavulanic acid.

Piperacillin-tazobactam and ceftazidime-
avibactam are examples of combinations in
which various parent-lactam concentrations
are used alongside a fixed inhibitor concen-
tration of 4 mg/1.%* A static inhibitor concen-
tration is assumed to be sufficient, even
though the concentrations of B-lactam mimic
the dynamic concentrations observed in
vivo. In this scheme, it is generally antici-
pated that the inhibitor concentration will
have little effect on MIC above the 4 mg/l
threshold. However, the fixed concentration
approach may not accurately reflect the in-
hibitor's impact on MIC reduction and, ulti-
mately, in vivo efficacy if in vivo concentra-
tions above this value are associated with ad-
ditional MIC reductions (also known as the
nonsaturable effect).?*

Determining the driver of efficacy is a rel-
atively novel and complicated process for



lactamase inhibitors. The method that has
been utilized the most frequently entails de-
termining a PK-PD (pharmacokinetic-phar-
macodynamic) index to characterize the ef-
fect that the B-lactamase inhibitor has on the
target enzyme in all four of the BL/BLIs that
have been approved most recently.?

Conclusion

The emergence of resistant bacterial in-
fections has become a significant public
health concern worldwide. Developing
novel BL/BLIs such as ceftazidime-avibac-
tam, ceftolozane-tazobactam, and mero-
penem-vaborbactam, has shown promising
results in treating these resistant infections.
These antibiotics have demonstrated high ef-
ficacy and safety profiles and are effective
against many resistant bacteria, including
carbapenem-resistant ones. However, it is
essential to note that the overuse and misuse
of antibiotics can lead to further resistance.
It is crucial to use these antibiotics judi-
ciously and in conjunction with other infec-
tion control measures, such as proper hy-
giene practices and vaccination, to reduce
the spread of resistant infections.
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Introduction: Mucoadhesive oral drug delivery systems have always been of a great interest for pharma-
ceutical scientists due to their numerous advantages, compared to the conventional dosage forms, such as
longer retention time, extended drug release, improved therapeutic outcome, etc. All these advantages make
opportunities for the investigation of polymers that have appropriate parameters to be used as mucoadhesive
carriers. Aim: The aim of this study is to overview the mucoadhesive properties of different pectin deriva-
tives and to evaluate their potential role in the formulation of oral drug delivery systems. Results and
discussion: Pectin is a biopolymer extracted from citrus peel and apple pomace. It is a linear polysaccha-
ride, composed of d-galacturonic residues with 1-4 linkage and carboxyl groups. Based on the degree of
esterification (DE), pectins are classified as high methoxyl (DE > 50%) and low methoxyl (DE < 50) de-
rivatives. The latter group is an object of increased scientific research due to its properties to form gel
structures, which can be used as a micro- or nanosized delivery system. Conclusion: Overall, pectin is a
promising polymer for the development of mucoadhesive drug formulations, intended for drug targeting to
the gastrointestinal tract. Its ability to form different types of drug delivery systems makes it a suitable

carrier for various drug substances.

Keywords: pectin, polysaccharides, gastrointestinal tract, drug delivery

Introduction

Mucoadhesion can be defined as the abil-
ity of natural or synthetic macromolecules to
adhere for an extended period of time to the
mucus that covers biological tissues [1]. The
attachment and bonding of mucoadhesive
polymers to the mucous surface depend
mainly on the strength and degree of interac-
tion between the functional groups of the
polymer and the mucin — the main compo-
nent of the mucus. Mucin is an anionic poly-
electrolyte at a neutral pH. Due to the pres-
ence of both hydrophilic (glycosylated) and
hydrophobic (non-glycosylated) units in its
structure, it possesses relatively strong adhe-
sive properties, forming mainly hydrogen
bonds and participating in hydrophobic and
electrostatic interactions. Most mucoad-
hesive polymers have hydrophilic structure,
which contains a large number of polar func-
tional groups. These groups allow the poly-
mer not only to physically attach to the
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mucous surface, but also to subsequently
form chemical bonds [2—4].

Mucoadhesion is of particular importance
for the development of polymer drug formu-
lations for oral, buccal, nasal, ophthalmic,
vaginal and rectal administration. The use of
mucoadhesive polymers allows localization
of the drug substance to the desired site of
absorption. Due to the adhesion, an extended
contact time between the administered for-
mulation and the targeted biological tissue
can be achieved, which can significantly in-
crease the drug bioavailability. With muco-
adhesive drug delivery systems, the fre-
quency of the dosage form administration
can be reduced, which can lead to better pa-
tient compliance [5].

The formulation of mucoadhesive drug
delivery systems depends mainly on the
properties of the polymers used. Most natu-
ral polysaccharides, such as pectin, chitosan,
alginate, cellulose, etc., possess very good



mucoadhesive properties. They can interact
with the mucous surface through non-cova-
lent chemical bonds — mostly hydrogen, van
der Waals or ionic bonds, which ensure the
effective attachment of the polymer to the
targeted tissue [6]. Therefore, polysaccha-
rides have been outlined as promising drug
carriers that can successfully guide drug sub-
stances to desired mucous surfaces in the
body, including the gastrointestinal tract.

Aim

The aim of the study is to review the mu-
coadhesive properties of different pectin de-
rivatives and to evaluate their potential role
in oral drug delivery systems.

Material and methods

The review article is based on literature
found in the databases of PubMed, Web of
science and Science Direct. The performed
survey was within the year interval 2000—
2023, and 25 references were selected ac-
cording to their relevance to the topic of re-
search.

Galacturonicacid
unit (A) acid unit (B)

Results and discussion

Pectin is an anionic polymer isolated
mainly from citrus fruits and apples. It is a
non-toxic natural polysaccharide, often used
in food industry as a viscosity-enhancing or
gelling agent [7, 8]. The chemical structure
of pectin consists mainly of a-1,4-linked res-
idues of D-galacturonic acid, partially ester-
ified with methanol or acetylated. Rhamnose
residues can also be found in the main chain
of pectin, while other neutral monosaccha-
rides such as arabinose, galactose, xylose etc.
can be in the side chains of the polymer [9].
Pectin polymers differ in their content of
uronic acids and neutral sugars, in the type
of glycosidic bonds, the degree of esterifica-
tion, amide content and molecular weight.
Depending on their chemical structure, they
are classified into two large groups: acid
pectin polysaccharides — homogalacturonan
(HG), xylogalacturonan (XHG), apiogalac-
turonan (AHG), rhamnogalacturonan I (RG
I) and rhamnogalacturonan II (RG II) and
neutral pectin polysaccharides — galactans,
arabinans, arabinogalactans (AG) [10].

Low Methoxyl pectin (less 50% DE)

[ A-A-B-A-A-B-B-A-A-A

. N
}/High Methoxyl pectin (more 50% DE)

| A-B-B-A-B-B-A-A-B-B
N e ?,

Methoxylated Galacturonic

Figure 1. Chemical structure of pectin (with low and high methoxylation).



The ratio between esterified and free acid
groups in the structure of pectin determines
its degree of esterification (DE), which is an
important factor influencing various proper-
ties of the polysaccharide such as solubility
and ability to form gels. Depending on the
DE pectin can be classified as a polymer
with a high degree of methoxylation (HM;
DE > 50%), or a polymer with a low meth-
oxylation (LM; DE <50%) [11]. HM pectins
form gels at high concentrations, while those
with LM — only in the presence of divalent
ions [12]. The polysaccharide is stable in an
acidic environment, even at high tempera-
tures. Its molecules form aggregates at low
pH, which are unstable in neutral environ-
ments. Pectin is resistant to the protease en-
zymes and amylase found in the upper parts of
the gastrointestinal tract (GIT), while it is de-
graded by microorganisms in the colon [13].

As a drug carrier pectin demonstrates
good mucoadhesive properties, attaching
easily to mucous surfaces in the body. Many
studies report the successful development of
drug-loaded formulations using this poly-
mer, especially for drug targeting in the GIT
[14, 15]. To increase its mucoadhesive prop-
erties, different modification of the polymer
can be developed. One of the most com-
monly used modified derivatives of pectin is
the thiolated form of the polysaccharide.
Thiolated pectins are usually synthesized by
esterification with thioglycolic acid. This
process implements sulthydryl residues in
the molecule. Thiolated pectins interact with
the intestinal mucosa with hydrogen and
electrostatic bonds, as other pectins do and
the presence of the sulfthydryl residues im-
plements a third type bonds through for-
mation of disulfide bridges. Due to the
above-mentioned characteristics, thiolated
pectins tend to show stronger adhesive prop-
erties, compared to the unmodified poly-
mer [16]. Sharma et al., for example, have
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successfully formulated metformin-loaded
beads with thiolated pectin using gelation
method with calcium chloride as a cross-
linker. The beads were tested ex vivo on goat
intestine for their mucoadhesive properties
and were compared to formulations with un-
modified pectin. The results showed that the
beads produced from thiolated polysaccha-
ride adhered to the intestine for more than
300 minutes, whereas the beads from un-
modified pectin were washed away within
150 minutes [16].

Pectin microparticles

Due to its relatively easy particle-forming
properties, pectin is commonly used as a pol-
ymer drug carrier to produce micro- and
nano-sized drug delivery systems. Drug-
loaded polymer microparticles are associ-
ated with numerous advantages such as large
surface area, high stability and possibility for
targeted and controlled drug release. They
belong to the so called “multiple units” sys-
tems, which makes them a reliable drug de-
livery system, as each particle releases inde-
pendently its drug load [17]. Pectin micro-
particles can be formulated using standard
preparation methods like spray drying,
emulsification technique, ionotropic gela-
tion. Vaidya et al. have used emulsion dehy-
dration technique to obtain pectin micro-
spheres with conjugated metronidazole in
the presence of N, N-dicyclohexyl car-
bodiimide. The formulated polymer struc-
tures showed high drug entrapment effi-
ciency up to 94.52%, depending on the de-
gree of substitution. The systems showed
significantly prolonged drug release, as after
8 hours around 20% of the incorporated met-
ronidazole was released, compared to the
non-conjugated drug (94% of released drug).
The performed biodistribution analysis
showed that the microparticles primarily accu-
mulated in the colon after oral administra-
tion [18]. In another study, Deshmukh et al.



prepared microparticles from amidated pec-
tin loaded with sulfasalazine for treatment of
inflammatory bowel disease via modified
ionic gelation technique using CaClo. The
obtained microparticles again showed high
encapsulation efficiency of 95%. Drug re-
lease was investigated in vitro, and the re-
sults showed greater release in rat cecal me-

dium, compared to simulated gastric
fluid [19].

Pectin nanoparticles

Nanotechnologies provide the oppor-
tunity to develop new formulations that per-
mit slow and selective release of various
drugs at specific locations in the gastrointes-
tinal tract. Pectin nanoparticles have been
extensively studied as drug delivery systems
due to their various advantages such as con-
trolled drug release, improved drug permea-
bility and precise targeting [13]. For exam-
ple, pectin was used as a nanocarrier for cur-
cumin in the preparation of polyelectrolyte
core-shell nanostructures with zein [20]. The
core was made from hydrophobic zein in
which amorphous curcumin was dissolved.
The shell was made of pectin, which was
negatively charged at pH 4. The particles
were formulated by electrostatic interactions
between anionic pectin and cationic zein.
The core-shell nanoparticles showed mean
diameter size of 250 nm and relatively nar-
row particle size distribution, as the polydis-
persity index (PDI) was 0.24. Drug loading
efficiency was between 86.8% and 91.8%, as
it slightly decreased with the increase of the

LIPOSOME

PECTIN

polymer concentration.

In another study, Zhang et al. managed to
synthesize folic acid-modified pectin nano-
particles, which were dually crosslinked us-
ing Ca’" and adipic dihydrazide [21]. The
particles were loaded with 2,3-dimethylma-
leic anhydride-modified insulin and drug re-
lease was investigated in simulated gastroin-
testinal fluids, as well as in vivo in diabetic
rat models. The fabricated particles had a
mean diameter between 102 and 270 nm,
with an encapsulation efficiency of 99%.
The particles were tested in three media —
simulated gastric fluid (pH 1.2), simulated
intestinal fluid (pH 6.8) and in neutral me-
dium (pH 7.4) without enzymes. The nano-
particles showed initial release of 16% of the
incorporated drug in acidic medium,
whereas in pH 6.8 and pH 7.4, they demon-
strated sustained release, fitting to the
Korsmeyer-Peppas kinetic model. Further-
more, in vivo tests indicated a prolonged glu-
cose blood level decrease, compared to the
subcutaneous injections, which caused a
sharp decrease of the glucose levels.

Pectin liposomes

Liposomes are another commonly used
nanosized drug delivery systems, which can
offer advantages such as improved solubility,
enhanced drug stability and targeted delivery.
A study by Gottesmann et al. demonstrated
that amoxicillin-loaded liposomes can be sta-
bilized through pectin coating, resulting in a
mucoadhesive formulations for treatment of
Helicobacter pylori (Figure 2) [22].

PECTIN-COATED LIPOSOME

Figure 2. Cationic lipids containing liposomes coated with anionic pectin.
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Liposomes were produced by thin film
hydration method and then the obtained sus-
pension was added dropwise to the pectin so-
lution. The mucoadhesive characteristics of
the coated liposomes were tested using solu-
ble mucin from porcine stomach as well as
mucus produced by HT29-MTX cells. Pec-
tin coated liposomes showed significantly
higher degree of mucoadhesion, compared
to the uncoated ones. The stabilization effect
of pectin was evident from the evaluated
drug encapsulation efficiency — 83% for the
coated liposomes compared to 66% for the
uncoated structures. Although both formula-
tions had an initial burst release, within the
in vitro test the uncoated liposomes released
85% of the encapsulated drug, while the pec-
tin-coated formulations released 75%. Fluo-
rescence microscopic analysis was used to
investigate the interaction between the lipo-
somes and H. pylori. Pectin-coated lipo-
somes showed high interaction with the bac-
terial cell wall, resulting in changed fluores-
cent signal, whereas the uncoated liposomes
indicated no interaction, which was visible
as two separated signals. The results com-
plied with the consideration that pectin can
inhibit the BabA and LPS-mediated adhe-
sion of H. pylori to human stomach cells.

Pectin hydrogels

As already mentioned, pectin has good
gel-forming properties and can be easily
crosslinked in the presence of divalent ions
or in combination with cationic polymers.
There are many studies reporting the utiliza-
tion of drug-loaded pectin hydrogels for
treating different GIT-conditions [23-25].
Gautam et al., for example, prepared two
types of pectin-based hydrogels for co-deliv-
ery of Ca*"/Vitamin D3 and Fe?*/Vitamin C
[24]. The gels were produced from pec-
tin/PEG polymer blend matrix. The prepared
drug delivery systems were analyzed for
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entrapment efficiency, swelling properties,
gel degradation as well as in vitro drug re-
lease profiles. Entrapment efficiency for vit-
amin D and vitamin C was evaluated using
UV-Vis spectroscopy and metal ion content
(Ca** and Fe*") was evaluated by ICP-
emission spectrometer. The results showed
an entrapment efficiency of 99.1% for vita-
min D and 99.3% for vitamin C. Metal ion
contents were 99.2% for Ca*" and 99.6% for
Fe?'. The swelling index of the Ca**/Vitamin
D hydrogels was measured to be 64% after 3
hours in simulated gastric fluid (SGF) and
130% after 6 hours in simulated intestinal
fluid (SIF). The same measurement was con-
ducted for the Fe?'/Vitamin C hydrogels,
which showed swelling index of 52% in SGF
and 110% in SIF. The two hydrogels were
compared to a blank pectin/PEG gel which
showed 41% swelling index in SGF and 61%
in SIF. Drug release studies indicated that
19% of vitamin D was released after 3 hours
in SGF and 95% were released after 6 hours
in SIF, whereas 19% of vitamin C were re-
leased after 3 hours in SGF and 91% in SIF,
respectively.

In another study, Minhas et al. fabricated
cross-linked pectin-co-poly(methacrylic
acid) hydrogel for oral delivery of 5-fluor-
ouracil (FU), intended for colon targeted de-
livery, which was tested in vivo in rabbit
models [25]. The formulated systems
showed 60% in vitro released drug at pH 1.2
and more than 90% at pH 7.4 after 12 hours.
It was concluded that the results were due to
the swelling behavior of the hydrogel which
was significantly higher at pH 7.4.

Conclusions

As a natural, biocompatible, biodegrada-
ble, and non-toxic polymer, pectin has been
widely used as an excipient in pharmaceuti-
cal technology. Its ability to form multiple
types of drug delivery systems makes it a



suitable carrier for different groups of me-
dicinal substances. Based on the various
studies on pectin, it can be concluded that
this polysaccharide is a promising polymer
for the development of mucoadhesive dos-
age forms such as microspheres, nanoparti-
cles, liposomes, hydrogels, etc., for targeted
drug delivery to the gastrointestinal tract.
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Introduction: Polysaccharide-based microparticles, as drug-delivery systems, are developed in order to
obtain controlled or targeted drug delivery, enhanced bioavailability and stability, reduced toxicity, im-
proved efficacy and patient compliance. The choice of a preparation method depends on several factors,
like the nature of the active substance, properties of the carrier, route of administration, etc. and it affects
the final product characteristics — particle size, size distribution, surface morphology, encapsulation effi-
ciency. Aim: Evaluation of the recent progress in the formulation of polysaccharide microparticles with
focus on the novel preparation techniques, offering precise control of the particle size. Materials and
methods: The survey includes literature within the year interval 2000-2023, searched according to its rel-
evance to the topic in the databases of PubMed, Web of science and Science Direct. Results and discus-
sion: The drive to obtain microcarriers with a small polydispersity index leads to the development of tech-
nological approaches for formulation of monodisperse particles. Precise control of the particles size and
structure can be achieved through production methods like jet break-up and microfluidic technologies.
These techniques involve injecting a polymer solution through a nozzle, forming a laminar jet, which is
subsequently broken into microspheres or using microfluidic devices that allow a polymer solution to be
emulsified in the form of microdroplets using microchannels or microporous membranes. Conclusion:
Novel technologies allow the preparation of polymer microparticles with uniform diameter and morphol-
ogy, which is necessary in order to relate these properties to the drug release behavior and other function-

alities such as drug encapsulation and dissolution.

Keywords: polysaccharides, microparticles, jet break-up methods, microfluidic techniques

Introduction

Polymer drug-loaded microparticles are
particulate drug delivery systems, which of-
fer both therapeutic and technological ad-
vantages, such as modified and targeted
(site-specific) drug delivery and release, en-
hanced drug bioavailability and stability, im-
proved therapeutic efficacy and reduced tox-
icity, individual therapy, and better patient
compliance [1, 2]. The size of the micropar-
ticles can vary from 1 to 1000 um, their
structure can be either homogenous or heter-
ogenous and they can have spherical or ir-
regular shape (torus-shaped, bullet-shaped,
cubic-shaped microparticle). There are dif-
ferent types of microstructures — core-shell,
multiple cores, coated, multi-wall, etc., but
microparticles are mainly classified as ma-
trix systems (microspheres) or reservoir
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systems (microcapsules) [3]. Although mi-
croparticles can be composed of various ma-
terials — natural, semi-synthetic or synthetic
polymers, biopolymers (mainly polysaccha-
rides and proteins) are preferred due to their
biodegradable, biocompatibility, and non-
toxicity [4, 5].

There are different methods for preparing
polymer microparticles. The choice of pro-
duction method depends on various factors,
such as: the nature of the active pharmaceu-
tical ingredient (API) and its characteristics,
the properties of the polymer carrier, the
route of administration, the type of the drug
formulation. The preparation method should
allow control of the particle size, high drug
entrapment efficiency, high drug stability,
high production yield, drug release with a
desired rate at a desired site [6, 7].
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Figure 1. Different types of polymer microstructures [3].

Aim

The aim of the study is to evaluate the re-
cent progress in the formulation of polysac-
charide microparticles with focus on the
novel preparation techniques like jet break-
up methods and microfluidic technologies,
which offer precise control of the particle
size.

Material and methods

The review article is based on literature
found in the databases of PubMed, Web of
science and Science Direct. The performed
survey was within the year interval 2000—
2023, and 30 references were selected ac-
cording to their relevance to the topic of re-
search.

Results and discussion

Classical methods for microparticles

preparation

Spray drying is one of the most used
methods for preparation of polysaccharides
microparticles. It is a relatively simple and
easy to operate technique, which involves
three main steps: a solution or dispersion of
the polymer and the API is sprayed through
anuzzle, microsized droplets are formed and
the droplets are dried into solid particles [8].
Another classical particle preparation
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technique is the emulsification solvent evap-
oration method — a solution of the poly-
mer/API in organic solvent is emulsified in
water, forming O/W emulsion. The organic
solvent subsequently evaporates forming
solid particles (Figure 2) [9]. Most polymers,
which have anionic or cationic properties,
can form microparticles when their solutions
are mixed with solutions of oppositely
charged materials. Electrostatic interactions
occur, which lead to the formation of coac-
ervates (complex coacervation method) [10].

Besides the advantages of the classical
methods for production of microparticles,
which have been thoroughly studied and the
influence of their technological parameters
on the particles’ properties have been inves-
tigated in detail, these techniques also have
some limitations. One of their disadvantages
is the inability to obtain particles of a uni-
form size. Although the diameter of the re-
sulting powder particles can be in the micro
range, the obtained products usually have a
very high polydispersity index. Size and par-
ticle size distribution are essential character-
istics, which affect the stability, flowability,
drug loading and drug release of the micro-
particles [11, 12]. Therefore, technological
approaches for obtaining particles with uni-
form size are being developed.
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Figure 2. Preparation of polymer microparticles through spray drying, emulsification solvent-evapora-

tion and complex coacervation techniques.

Jet break-up techniques

In recent years, as a result of the scien-
tists’ efforts to obtain monodisperse micro-
particles, new production methods are being
created such as jet break-up and microfluidic
techniques. In the jet break-up process, a
polymeric solution with the API is pushed
through a nozzle at a constant flow rate,
forming a laminar jet. The jet is then broken
into a chain of monodispersed droplets using
different approaches [12]. Variants of this
method include electrospraying, jet-cutting
and jet vibration excitation.

The electrospraying technique uses elec-
trostatic force to break the liquid sample into
uniform droplets. There are two main types
of electrospraying: dripping mode and jet
mode. The first one applies low electric cur-
rent (up to 4 kV) and the microparticles size
is between 500-1000 um. For the jet mode,
a stable jet is formed, which is broken into
droplets under higher electric current and the
microparticles size is between 1-15 um [13,
14].
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Another option for jet break-up are the
jet-cutting and jet vibration excitation tech-
niques [15]. A dispersed jet is cut into uni-
form segments by means of a cutting tool
consisting of several wires (Figure 3A) or
the jet is broken into uniform segments by
means of vibration excitation (Figure 3B).

Microfluidic microchannel techniques

Microfluidic techniques are another rela-
tively new approach to creating uniform mi-
crodroplets that can subsequently be hard-
ened into powder particles. In these meth-
ods, the dispersed phase (a polymer solution
with the API) is pushed through a micro-
channel or micro-sized membrane and bro-
ken into droplets at the end of the channel or
the membrane [17-22]. Microchannel de-
vices with different geometry have been de-
signed, as the most popular among them are:
the terrace-like microchannel device, the
flow focusing device and the T-junction mi-
crochannel device (Figure 4).



The terrace-like microchannels open to a
terrace that descends to a well through which
the continuous phase slowly passes. When
the dispersed phase reaches the rim of the
well, it flows over the rim into the well and
interfacial forces contract the fluid to form
droplets (Figure 4A) [12, 22, 23]. The flow
focusing devices, on the other hand, are
based on the principle of hydrodynamic con-
The dispersed phase flows
through a central microchannel, while a con-
tinuous medium is supplied by two side
channels. In front of the central channel
there is a small hole that allows a continuous
medium to cut the flow of the dispersed
phase, turning it into droplets of equal size

centration.

pressure

droplets

micro

(Figure 4B) [24]. In the T-junction micro-
channel device, the phase to be converted
into drops is supplied by microchannels per-
pendicular to the central channel through

which the dispersed medium flows (Figure
4C) [25].

Microfluidic

techniques

In the microporous membrane technique,
dispersed drops are generated at the mem-
brane surface by pushing the dispersed (in-
ner) phase through the membrane pores into
the continuous (outer) phase under applied
pressure of about 0.5-5 bars usually using
nitrogen gas [27, 28].
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Figure 3. Illustrations for: A) jet-cutting and B) jet vibration excitation techniques for preparation of

uniform microparticles [15, 16].
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The pore diameter of the membrane has
the most significant influence on the size of
the resulting microstructures. The droplet
size can vary from 2 to 10 times the pore di-
ameter, depending on the interfacial tension
between the dispersed phase flow, the mem-
brane surface and the dispersed medium.
The membranes used, with a pore size of
0.49 to 40 um, allow obtaining microparti-
cles ranging in size from 10 um to about
100 um. For more efficient separation of the
formulated droplets from the membrane and
to reduce their fusion into larger structures,
ultrasonic or vibrational membrane emulsi-
fication can be applied, in which the mem-
brane performs vibrations at a certain fre-
quency. In this way, the production rate can
be increased and microspheres of 1-2 um
size can be obtained [29, 30].

Conclusions

The drive to obtain microcarriers with a
small polydispersity index leads to the de-
velopment of technological approaches for
formulation of monodisperse particles such
as jet break-up and microfluidic technolo-
gies. These methods allow precise control of
the particles size and enable the preparation
of polymer microparticles with uniform di-
ameter and morphology, which is necessary

120

to relate these properties to the drug release
behavior and other functionalities such as
drug encapsulation and dissolution.
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Determining the toxicity of chemicals is necessary to identify their harmful effects on humans, animals,
plants, or the environment. It is also one of the main steps in drug design. Animal models have been used
for a long time for toxicity testing. To be effective as a drug, a molecule must reach its pharmacological
target in the body, achieve an adequate concentration at the site of action, and persist in a bioactive form
long enough for the expected biological events to occur. Many compounds failed as drugs because of their
poor pharmacokinetics properties and limited bioavailability. The large number of newly synthesized ex-
perimental molecules, on one hand, and the quantitative limitations of tissue samples, together with the
need to restrict animal testing, on the other hand, prevent systematic recourse to experiments. In this con-
text, in silico computer models constitute a valid alternative and useful addition to biological experiments.
Therefore, computational methods for estimating the toxicity of chemicals are considered useful. /n silico
toxicology is one type of toxicity assessment that uses computational methods to analyze, simulate, visual-
ize, or predict the toxicity of chemicals. /n silico toxicology aims to complement existing toxicity tests to
predict toxicity, prioritize chemicals, guide toxicity tests, and minimize late-stage failures in drug design.
Keywords: drug design, synthesis, in silico, toxicity

Introduction

Chemical effects that are undesired or
harmful are measured by their toxicity. Tox-
icology endpoints are specific categories of
these negative effects and include traits like
genotoxicity or carcinogenicity. They can be
quantitative (e.g., LD50: lethal dose to 50%
of tested individuals) or qualitative (e.g., bi-
nary, toxic or non-toxic, or ordinary, low,
moderate, or high toxicity) [1]. Through
acute or multiple exposure, toxicity tests
seek to detect the negative effects that chem-
icals have on people, animals, plants, or the
environment [2]. Route of exposure (e.g.,
oral, dermal, inhalation), the amount of the
chemical (e.g. dose), frequency and duration
of exposure, ADME properties (absorption,
distribution, metabolism, and
tion/elimination), biological and chemical
properties are a few of the factors that affect
a substance's toxicity. Testing for toxicity
has typically relied on animal models [3].
The development of high throughput screen-

€XCre-

ing, however, made in vitro toxicity tests
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viable. To organize, analyze, model, simu-
late, depict, or predict the toxicity of sub-
stances, in silico toxicology (also known as
computational toxicology) uses computa-
tional resources, such as methodologies, al-
gorithms, software, data, etc. [4]. It is linked
to in silico pharmacology, which examines
the therapeutic benefits and drawbacks of
medications using data from computer tools.
In order to perhaps reduce the need for ani-
mal testing, decrease the cost and duration of
toxicity tests, and improve toxicity predic-
tion and safety evaluation, computational
methods are intended to supplement in vitro
and in vivo toxicity experiments. Addition-
ally, a special benefit of computational ap-
proaches is their ability to predict the tox-
icity of substances even before they are syn-
thesized. That would minimize the ecologi-
cal effect of the overall drug-discovery pro-
cess, minimize the carbon footprint, and
constitute a valid alternative and useful ad-
dition to biological experiments.



Aim

Choosing suitable candidates for the syn-
thesis of possible novel therapeutic mole-
cules while utilizing the advantages of in sil-
ico methods was the main goal of the current
research.

Materials and methods

Theoretical prediction of pharmacoki-

netic parameters (ADME):

Physicochemical properties, drug-like-
ness, and pharmacokinetic parameters such
as ADME (absorption, distribution, metabo-
lism, elimination) of the synthesized pro-
drugs were analyzed using SwissADME.
It provides a predictive model for the phar-
macokinetic profiling of a drug-like com-
pound [5].

Theoretical prediction of toxicity:

For predicting acute as well as organ tox-
icity of the compounds, the ProToxII web
tool was used. It predicts various toxicity
endpoints, including acute toxicity and or-
gan toxicities such as hepatotoxicity, cyto-
toxicity, carcinogenicity, mutagenicity, im-
munotoxicity, and toxicity targets. Toxicity
class and LD50 values were also estimated
[6, 7].

PASS online predictions:

PASS online (Prediction of Activity
Spectra for Substances), a computer-based
program, was used to screen biological ac-
tivity of the compounds. The program pre-
dicts several thousand different biological
activities based on the structural formula of
a drug-like organic compound [8]. PASS has
been used by many scientists for the discov-
ery of new pharmaceutical agents in differ-
ent therapeutic fields [9, 10].
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Results and discussion

1,3-Disubstituted  3,4-dihydroisoquino-
lines (Figure 1) were chosen for the in silico
calculations due to predicted by PASS
online (Prediction of Activity Spectra for
Substances) program spasmolytic activity,
which is continuously relevant to our stud-
ies. Based on the previously reported amides
[11], methyl, phenyl, 2-chlorophenyl, and
benzyl-substituted 3,4-dihydroisoquinolines
were planned to be synthesized via cycliza-
tion using the Bischler-Napieralski reaction.

)

~

N

N _

R=CH; CgH;, 2-CI-CH; CH,C¢Hs

Figure 1. 1,3-Disubstituted 3,4-dihydroiso-
quinolines planned to be synthesized.

Before their synthesis, in silico methods
to predict their biological activities were
used. A molecule must reach its pharmaco-
logical target within the body, reach an ap-
propriate concentration at the site of action,
and stay in a bioactive form for a long
enough period of time for the anticipated bi-
ological activities to take place in order for it
to be effective as a medicine. Due to their
poor pharmacokinetics and limited bioavail-
ability, several substances failed as drugs.
Systematic use of experiments is hindered
by the abundance of recently synthesized ex-
perimental molecules, the quantitative con-
straints of tissue samples, and the require-
ment to limit animal testing, on the other
hand. In this context, computer simulations
are a viable substitute and a helpful addition
to studies [12]. In

biological our



calculations, the PASS Online Program was
used. The percentage of potential activity is
calculated using a comparison between the
functional groups of the drug candidate and
those currently on the market. The program
predicted muscle relaxant and spasmolytic
activity as papaverine-like structures for all
the compounds.

In order to elucidate the ADME profile of
the compounds free SwissADME web tools
were used (Table 1), knowing that the blood-
brain barrier (BBB) and gastrointestinal ab-
sorption are pharmacokinetics characteris-
tics that play an essential role in the drug dis-
covery process.

Molecular weight (MW) and octanol/wa-
ter partition coefficient (XLOGP3) are the
drug-likeliness  parameters,
Lipinski’s rule of five [13]. According to the
rule, at least two parameters from four basic
pharmacokinetic properties (MW < 500;
XLOGP3 <'5; the number of hydrogen bond
donors < 5; and hydrogen bond acceptors
<10.6) should be fulfilled for drug candi-
dates. Bioavailability (BA) [14] reported an
optimal range of distinct properties involv-
ing lipophilicity (XLOGP3: -0.7 to +5.0),
size¢ (MW: 150 to 500 g/mole), polarity
(TPSA: 20 to 130 A2), ESOL or estimated
solubility (log S: not more than 6), saturation
(Fraction Csp® or fraction of carbons in the
sp® hybridization: not less than 0.25), and
flexibility (RB: no more than 9). The ADME
investigation shows that the compounds
cross through the BBB and present good gas-
trointestinal absorption and could be consid-
ered as a drug candidate according to
Lipinski’s rule of five [ 13], an important step
in a drug discovery process. The calculated
TPSA of the compounds
30.82A2, indicating good intestinal absorp-
tion and BBB penetration. The low number

known as

values are
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of rotatable bonds (2, 3, and 4, Table 1) cor-
responds with sufficient oral bioavailability.
P-glycoproteins are pharmacokinetic pro-
teins functioning as xenobiotic neuroprotec-
tors, drugs, etc. [15, 16]. According to the
calculation, the studied compounds are not
predicted as P-glycoprotein substrates. It is
known that inhibition of cytochrome P450
(CYP) could lead to toxicity or lack of drug
efficacy [17, 18]. According to the calcula-
tions, methyl-substituted dihydroisoquino-
line is expected to inhibit the CYP1A2 iso-
form, while compounds having phenyl, ben-
zyl, and 2-chlorophenyl can inhibit the
CYP2C19, CYP2C9, CYP2D6, and
CYP3A4 isoforms. The skin permeability
factor log Kp is between -5.19 and -6.23. Ac-
cording to the calculations, the 2-chloro-
phenyl substituted compound has the lowest
skin permeability with log Kp -5.19. The sol-
ubility parameter is very important for the
pharmaceutical applications of the drug. All
drugs were predicted by SwissADME to be
water-soluble or moderately soluble in wa-
ter. Values of the drug-likeness parameters
of all compounds were found to remain
within the BA, which confirmed that all the
synthesized compounds behave as “drug-
like” substances. All of the compounds
scored BA of 0.55, thus demonstrating good
oral bioavailability, according to Lipinski’s
rule [13]. Moreover, they have good syn-
thetic accessibility (SA) scores, which are
considerable parameters during the drug dis-
covery processes. The calculated LDso for all
the compounds is 480 mg/kg for all the com-
pounds. Last but not least, all the substances,
with the exception of 2-chlorophenyl-3,4-di-
hydroisoquinoline, were predicted by the
pro-tox II to be mutagenic. Due to the lack of
mutagenicity predicted, 2-chlorophenyl-3,4-
dihydroisoquinoline was synthesized only.



Table 1. Predicted ADME parameters representing drug-likeness of the dihydroisoquinolines,
depending on their substituent R to 1% position.

R MW, XLOG TPSA, ESOL  Fractio RB BA SA LDsq,
g/mol P3 A? logS  nCsp’ Score Score  mg/kg
-CH; 219.28 1.98 30.82 -2.59 0.46 2 0.55 3.21 480
-CsHs 281.35 3.64 30.82 -4.10 0.28 3 0.55 3.58 480
-CH>CsHs | 295.38 3.58 30.82 -4.07 0.32 4 0.55 3.69 480
-2-Cl-C¢Hs | 315.79 4.27 30.82 -4.69 0.28 3 0.55 3.61 480

MW: Molecular weight, XLOGP3: Octanol/water partition coefficient, TPSA: Topological polar surface area,
ESOL LogS: Estimated aqueous solubility, Fraction Csp*: Ratio of sp? hybridized carbons over the total carbon
count, RB: Rotatable bonds, BA: Bioavailability, SA: Synthetic accessibility, calculated LDso — lethal dose to 50%

of animals.

Conclusion

To plan the synthesis of drug candidate
molecules, we used three different computer
programs. Based on the software predictions
made, the target molecule for synthesis and
future biological activity assessment was
chosen. We found that the predicted com-
pounds might have contractile activity, but
they could be mutagenic. Due to the lack of
predicted mutagenicity, 2-chlorophenyl-3,4-
dihydroisoquinoline was obtained only. The
advantages of the current research are that
the calculations minimized the energy and
chemicals utilized in medication develop-
ment, hence reducing the carbon footprint,
and decreasing the number of test animals
needed for ex vivo or in vivo biological ex-
periments.

In this context, in silico computer models
constitute a valid alternative and useful ad-
dition to biological experiments, addressing
ecological and ethical concerns, as well as
economical costs.
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Introduction: An antihistaminic drug Cinnarizine in combination with nootropic drug Piracetam are often
included in complex therapy of various type of disease as nausea, dizziness, inner ear syndrome and other
brain disorders. Aim: The aim of this study is to develop simple, precise, accurate and specific reverse-
phase high performance liquid chromatographic (RP-HPLC) method with isocratic elution mode for sim-
ultaneous determination of Piracetam and Cinnarizine in capsules. Materials and methods: The chroma-
tographic separation was achieved on a LiChrosorb C18, 250 mm x 4.6 mm, 5 um column at a detector
wavelength of 215 nm and a flow rate of 1.0 ml/min. Effect of composition of mobile phase and temperature
on chromatographic behaviour of both analytes was studied. Results: This paper described the elaboration
of simple and fast analytical procedure for assay of Piracetam and Cinnarizine in capsules by RP-HPLC.
The method was validated for the parameters like specificity, linearity, precision, accuracy, limit of quan-
tification and limit of detection. Conclusion: The chromatographic method developed can be applied for
routine analysis of the active substances Piracetam and Cinnarizine in the investigated drug product.

Keywords: Piracetam, Cinnarizine, RP-HPLC, quality control

Introduction

Cinnarizine is a piperazine derivative
with HI blocking (antihistaminic) and cal-
cium channel blocking activity. The drug is
used for prevention and treatment of nausea
and motion sickness [1, 2]. Piracetam
(2-oxo-pyrrolidineacetamide) is a nootropic
drug. Therapeutic applications of Piracetam
include some conditions, mainly myoclonus,
but is used off-label for a much wide range
of applications like aging, alcoholism, alz-
heimer’s and senile dementia, depression
and anxiety, schizophrenia, closed cranio-
cerebral trauma, etc.

A combination of piracetam and cinnariz-
ine is used in the treatment and prevention of
cardiovascular disease such as stroke and to
regulate blood pressure. Literature survey
reveals that there are some RP-HPLC meth-
ods for the determination of these analytes in
combination. These analytical procedures
include gradient elution mode for simultane-
ous analysis of drugs of interest in the pres-
ence of their impurities [3, 4, 5, 7]. Ahmed
MS et al. proposed UV-spectrophotometry
for determination of piracetam and cinarizine
in binary mixture in bulk and pharmaceutical
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dosage forms [6]. Fadia et al. described spec-
trophotodensitometry and spectrophotome-
try for determination of cinnarizine in
mixure with piracetam [7].

Aim

The aim of this paper is to develop a spe-
cific, precise and accurate isocratic chroma-
tographic method that could be applied in
quality control for the simultaneous determi-
nation of piracetam and cinnarizine in phar-
preparations. The proposed
method was validated as per the Interna-
tional Conference on Harmonization (ICH)
method validation guidelines [8].

maceutical

Experimental

Chemicals and reagents

Working standards of piracetam RS (Pu-
rity 100.09) and cinnarizine RS (purity
99.81) were provided by (Sigma-Aldrich).
The pharmaceutical preparation of combina-
tion of piracetam (400 mg) and cinnarizine
(25 mg) was obtained commercially. LC-
grade methanol and ortho-phosphoric acid
were procured from Merck (Germany). All
other chemical reagents were of analytical
grade.



Instrumentation and chromatographic

conditions

Chromatographic separation was per-
formed on modular HPLC system LC-10A
Shimadzu (Japan) arranged with a LC-10A
pump, solvent degasser DGU-3A, Rheodyne
injector, column oven CTO-10A, SPD-
MI10A diode array detector and communica-
tion bus module CBM-10A. Separation was
achieved isocratically with a LiChrosorb
C18,250 mm x 4.6 mm, 5 pm column eluted
with a mixture of phosphate buffer (pH ad-
justed to 4.6 with ortho-phosphoric acid) and
methanol (95:5 v/v) as the mobile phase at
flow rate of 1.0 ml/min. Detection was car-
ried out by absorbance at 215 nm. The anal-
ysis was carried out at an ambient tempera-
ture and injection volume was 20 pl.

Preparation of standard solutions

For piracetam: 20 mg of piracetam was
accurately weighed and transferred to a
20 ml volumetric flask and volume was
made up to 20 ml with methanol (Stock so-
lution A-1000 pg/ml). From Stock solution
A, 5.0 ml was taken into a 50 ml volumetric
flask and volume was made up to 50 ml with
methanol (Stock solution B-100 pg/ml).

For cinnarizine: 20 mg of metoprolol
was accurately weighed and transferred to a
20 ml volumetric flask and volume was
made up to 20 ml with methanol (Stock so-
lution C-1000 pg/ml). From Stock solution
C|, 5.0 ml was taken into a 50 ml volumetric
flask and volume was made up to 50 ml with
methanol (Stock solution D-100 pg/ml).

For mixed standard: From the stock so-
lutions B and D dilutions of different con-
centration were made in the ratio 16:1 for
both drugs.

Analysis of pharmaceutical preparation
The pharmaceutical preparation contain-
ing piracetam 400 mg and cinnarizine 25 mg
was analyzed using this method. The content
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of 20 capsules was taken and powdered. The
powder equivalent to 100 mg of piracetam
and 6.25 mg of cinnarizine was accurately
weighed and transferred into a 25 ml volu-
metric flask, 10 ml of methanol was added
and the content was ultrasonicated for
20 min. The volume was then diluted to the
mark and mixed well. A small portion was
withdrawn and filtered through a 0.22 pm
filter to ensure the absence of particulate
matter. The filtered solution was appropri-
ately diluted with methanol to produce a
working standard solution 100% from cali-
bration curves. The amount of drug present
in the sample solution was determined using
the calibration curves of standard drugs.

Results and discussion

The proposed method was validated as
per ICH guidelines with respect to specific-
ity, linearity, precision and accuracy.

Specificity

The specificity of the method was deter-
mined by checking the interference with the
components from placebo. No interference
was observed for any of the components like
excipients of both drugs. The Fig. 1 showed
typical chromatogram obtained from analy-
sis of standard solution using the proposed
method. The retention time observed —
3.06 min for piracetam and 6.97 min for cin-
narizine permits a rapid assay, which is im-
portant for routine analysis.

The system suitability studies were car-
ried out to determine theoretical plates, res-
olution and tailing factors. The results were
given in table 1. The values obtained demon-
strated the suitability of the system for the
analysis of investigated drug combination,
system suitability parameters may fall within
+ 3% standard deviation range during rou-
tine performance of the method.
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Figure 1. Chromatogram obtained from analysis of sample solution

Table 1. System suitability test parameters for
piracetam and cinnarizine

Parameter piracetam | cinnarizine
Retention time (min) 3.06 6.97
Resolution 2.68 -
Tailing factor 0.83 0.79
Theoretical plates 5641 7512

Linearity and calibration curves

To establish the linearity of analytical
method, a series of dilution ranging from
80—400 pg/ml for piracetam and 5-25 pg/ml
for cinnarizine was performed. All the solu-
tions were filtered through 0.22 pm mem-
brane filter prior to use and injected in
chrommatograph. A calibration curves were
plotted between the mean peak areas vs.

Table 2. Precision of the method

respective concentrations. The correspond-
ing linear regression equation was
y = 10658.x-1250.6 with square of correla-
tion coefficient R? of 0.9999 for piracetam
and y = 17151.x-1352.5 with square of cor-
relation coefficient R? of 0.9999 for cinna-
rizine, espectively.

Precision

The precision of the method was evalu-
ated by performing six independent determi-
nations of the test sample preparation and
calculating RSD (%). The RSD values meas-
ured during assessment of precision was
<2.0% for both analytes, confirming the
method is precise (Table 2).

piracetam cinnarizine
Amount claimed Amount found Amount claimed Amount found
(mg/tablet) (mg/tablet) (mg/tablet) (mg/tablet)

399.85 25.41

399.47 24.63

400.5 24.36

400.0 399.85 25.00 24.87

400.4 25.62

400.1 25.29

Mean 400.03 Mean 25.03
Sd 0.385 Sq 0.489
%RSD 0.096 %RSD 1.953
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Accuracy

Recovery studies were performed to vali-
date the accuracy of developed method. To
the preanalysed sample solution, a definite
concentration of standard drug was added
and then its recovery was analysed. The per-
cent recovery for piracetam was found to be
99.24% and for cinnarizine it was 99.35%
(Table 3).

Table 3. Statistical data for accuracy

Statistical data piracetam cinnarizine
% Recovery 99.24 99.35
SD 1.168 1.27
% RSD 1.177 1.278

Analysis of pharmaceutical preparation
The results from analysis of pharmaceuti-
cal formulation are shown in table 4.

Table 4. Results for assay of piracetam and aspirin in pharmaceutical preparation

Labeled amount (mg) Observed amount + SD %RSD
piracetam cinnarizine piracetam cinnarizine piracetam cinnarizine
400 25 379.1+£0.45 24.78+0.55 0.119 0.221
Conclusion 5. Navaneethan G, Karunakara K, Elango K. Stabil-

The newly developed HPLC method is
specific, precise, accurate and rapid. The an-
alytical procedure is suitable for quality con-
trol of pharmaceutical preparation contain-
ing piracetam and cinnarizine.
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IV. Therapeutic Session

Continuous Positive Airway Pressure for Improvement
of Respiratory Function in Infantile Spinal Muscular Atrophy:

a Case Report
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Background: Infantile Spinal Muscular atrophy (SMA) is an autosomal recessive neuromuscular disorder
characterised by muscle weakness caused by alpha motor neuron degeneration. It is the current leading
genetic cause of infantile death because of the deterioration of respiratory function. Non-invasive ventila-
tion can reduce morbidity and mortality in these children and is an essential part of their healthcare. Case
presentation: We present a case of a 1-year-old child with genetically proven infantile SMA complicated
by chronic pneumonia. At 6 months of age, Risdiplam, an SMN2 mRNA splicing modifier therapy was
initiated; nonetheless, at 10 months of age, pulmonary exacerbations had worsened from muscle weakness
and chronic colonisation of Pseudomonas aeruginosa in the respiratory tract. At 11 months of age, she
developed a total right lung atelectasis and severe respiratory failure. SMA paralyzes the expiratory inter-
costal muscles, making it challenging to exhale under continuous positive airway pressure (CPAP). As a
result, bilevel positive airway pressure (BiPAP) is favoured over CPAP to accommodate this issue. How-
ever, in this case, CPAP was initiated instead of the standard BiPAP, which resulted in the improvement of
respiratory failure, increased oxygenation, and decreased atelectasis. The patient was successfully dis-
charged with continuous non-invasive ventilation at home. Conclusion: CPAP can improve respiratory
function in patients with SMA type 1. It can be useful not only in the prevention of respiratory failure but

also in the therapeutic approach of acute respiratory complications in these children.
Keywords: Non-invasive ventilation, SMA type 1, respiratory disease, CPAP, paediatrics

Introduction

SMA, an autosomal recessive neuro-
degenerative disorder, is the leading genetic
cause of infantile death with a prevalence
rate of 1 in 11,000 births, making it the most
widespread of its kind.! The condition mani-
fests as proximal-to-distal muscle weakness
and respiratory insufficiency due to the de-
generation of alpha motor neurons in the spi-
nal cord. The Survival of Motor Neuron 1
(SMN1) gene, located in the 5q13.2 region
is vulnerable to genomic instability from
high repetition. The gene can be mutated in
the form of loss-of-function mutations, ho-
mozygous deletions at exon 7, and point mu-
tations that converts SMN1 to SMN2. The
SMA phenotypes provide a spectrum of dis-
ease severity. SMN1 and SMN2 genes both
ubiquitously produce SMN protein, however,
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SMN2 synthesises lower levels that only
partially compensate for SMN1 loss. The
disease severity is classified into five clinical
subgroups based on SMN 2 gene expression,
evaluated by age of onset, attainment of mo-
tor milestones, and death. Infantile SMA is
the most severe form, with 80% having <
SMN2 copies?, causing progressive respira-
tory decline and infant mortality.
Respiratory muscle weakness in SMA
manifests a distinct pattern, with the expira-
tory intercostal muscles experiencing the
most impact while the inspiratory diaphragm
function is relatively intact. This results in
severe ventilation restriction and frequent
outbreaks of bronchitis and pneumonia. The
gradual decline in spirometric values, wors-
ened by scoliosis, leads to reduced pulmo-
nary compliance, underdeveloped lungs, and



diminished coughing ability. Ultimately,
respiratory failure develops, requiring venti-
latory support to increase arterial oxygen
saturation and reverse atelectasis.’

Case description

A 1-month-old infant was born in a de-
pressed state due to severe perinatal as-
phyxia and signs of cerebral excitability. The
delivery was a second normal pregnancy
with extended forceps use. The infant pre-
sented with severe muscle hypotonia, tongue
fasciculations, and hyporeflexia. Genetic
testing revealed a diagnosis of infantile
SMA with homozygous deletion of exons 7
and 8 in the SMNI1- del gene, heterozygous
deletion in exon 5 of the NAIP gene, and two
copies of the SMN2 gene. Risdiplam was
started at 6 months of age. However, at 10
months of age, the child developed respira-
tory compromise, indicated by abdominal
diaphragmatic breathing, paralytic chest, ve-
sicular breathing, and rales located in the
right lung base. A microbiological examina-
tion and a chest X-ray confirmed respiratory
involvement, Transtracheal secretion had
chronic colonization strains of Pseudomonas
aeruginosa and Citrobacter koser for which
appropriate antibiotics were given.

The patient, who was intubated for respir-
atory assistance due to atelectasis, under-
went an X-ray (Figure 1) which revealed
right lung pneumonia and left lung emphy-
sema. In the right lung, there was evidence
of total atelectasis characeterized by inho-
mogeneous spots, confluent shadows of the
lung parenchyma and a right-shifted medias-
tinum.

Despite invasive respiratory support, the
patient's atelectasis showed no improvement
However, using Continuous Positive Airway
Pressure (CPAP) against the usual indication
resulted in a reduction of atelectatic lung
findings, as seen in Figure 2.

132

Figure 2.

Discussion

Chronic respiratory care requires airway
clearance, cough assist, and breathing assis-
tance: invasive or non-invasive ventilation.
These interventions are believed to extend
survival.* Non-invasive positive pressure
ventilation (NPPV) has two modes: CPAP
and biphasic positive airway pressure (Bi-
PAP). CPAP is routinely used for treating
obstructive sleep apnoea, whereas BiPAP is
reserved for more severe cases of OSA that
cannot be cured with CPAP. CPAP delivers
a constant positive airway pressure, which
increases the difficulty to exhale thereby in-
creasing the carbon dioxide retention®.
Whereas BiPAP cycles between delivering
high and low-pressure during inspiration and
expiration respectively, reducing the effort
needed for exhalation. Given the existing ex-
halation paralysis in SMA1, BiPAP is the
preferable technique. However, in this case



report, CPAP has been demonstrated to be
successful in stabilising the respiratory state,
as seen in the improvements depicted in Fig-
ure 2 following CPAP treatment. SMA1 pa-
tients, often known as non-sitters, exhibit
early-onset symptoms and are at risk of res-
piratory failure. Therefore, respiratory ther-
apy focuses on airway clearance and ventila-
tion. The latest updated 2018° consensus rec-
ommends NPPV for all symptomatic infants
to prevent respiratory failure. However,
CPAP is contraindicated to treat chronic res-
piratory failure and should only be used
briefly to preserve the functional residual ca-
pacity.

In non-sitters' infants who are not syn-
chronous with BiPAP and are not hypercap-
nic, it is recommended to initiate treatment
with CPAP, with the intention of shifting to
BiPAP as soon as possible. This is because
extended CPAP usage can fatigue SMA pa-
tients and interfere with weaning. This ap-
proach is supported by evidence demonstrat-
ing the beneficial effects of BiPAP on pul-
monary function, including minimising tho-
racic and sternal deformities and improve
lung development in both non-sitters and sit-
ters.’

Conclusion

In this case report, a 6-month-old infant
with SMA1 was successfully treated with
CPAP, which effectively alleviated their res-
piratory symptoms. Although BiPAP is the
recommended regimen for respiratory sup-
port, the individualized approach taken in
this case highlights the importance of con-
sidering the patient’s needs. This provides
evidence CPAP may be a beneficial alterna-
tive in select cases of SMAIL. Overall,
providing patients with personalised ap-
proach to respiratory therapy will reduce the
risk of respiratory failure and related
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complications. Respiratory support needs can
vary among SMA patients, and a one-size-
fits-all approach may not be appropriate.
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Acute Q Fever Pneumonia: a Case Report.
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Q fever is a zoonosis caused by the Gram-negative bacterium Coxiella burnetii. It is transmitted by inhala-
tion of infected droplets, or in rare cases it could be a tick-borne infection. The acute Q fever presents with
flu-like symptoms, atypical pneumonia or granulomatous hepatitis. The symptoms of Q fever pneumonia
are dry cough, fever, chills, chest pain, fatigue. In rare cases the symptoms may include nausea, vomiting,
diarrhea. This is a rare case of a tick-borne pneumonia caused by Coxiella burnetii in a 10-year-old boy.
The child presents with a two-week history of subfebrile temperature and cough, as well as a history of a
tick bite a month and a half before the symptoms appeared. An X-ray was performed, showing infiltrates,
so a dual antibiotic treatment was prescribed. Despite the therapy, there was no significant improvement in
the patient’s condition, so he was admitted at the Clinic of Pediatrics “St. George” for further investigation.
Several imaging tests were performed, the last one showing intraparenchimal lesion. No significant devia-
tion in the microbiological and serological findings, except borderline IgM results for Q fever. Despite the
treatment with several different antibiotics, the fever persisted up to over 39°C. The control CT showed
progression of the lesion. Control Q fever serology was taken, showing fourfold increased values. This case
illustrates the long way of reaching the diagnosis and although Q fever is an uncommon disease, it has to

be taken into consideration in every child with a fever of unknown origin.
Keywords: Q fever pneumonia, atypical pneumonia, Coxiella burnetti, fever of unknown origin

Introduction

A 10-year-old boy presents with fever of
unknown origin (FUO) to the clinic. With
further investigations, a Coxiella burnetii in-
fection, following a tick bite, was diagnosed.
This microorganism causes Q fever. The Q
fever can be an acute or chronic infection.
The acute Q fever could present with flu-like
symptoms, atypical pneumonia or granu-
lomatous hepatitis.

Actual presentation of the case

History

Our patient is a 10-year-old boy, other-
wise healthy. He is a full-term baby, with a
birth weight 3200 g. The patient is fully im-
munised until the age of 7.

The symptoms started 2 weeks before ad-
mission to the hospital. The boy had an in-
creased body temperature up to 38°C and a
dry cough. There is a history of a tick bite
2 months ago, for which no prophylactic
treatment was conducted. A chest X-ray was
made on an outpatient basis, showing
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pneumonia. He was treated with oral antibi-
otics — Cefixime and Azithromycin at home.
On a control visit, despite the treatment, the
patient had inflammatory constellations in
his laboratory results, subfebrile temperature
and malaise. The patient was referred to the
Department of Paediatrics at the University
Hospital of St George for further investiga-
tion.

Examination and laboratory results

The patient was admitted in a fair general
condition. On auscultation, coarse breath
sounds were heard.

The laboratory results showed an inflam-
matory activity and lymphopenia. Addi-
tional tests were made — rapid antigen test for
COVID-19, HIV antibodies, serologies for
Echinococcosis and Brucellosis. They
showed no deviations in the reference inter-
val. T-spotTB was negative. The serology
for Q fever showed borderline IgM levels.
Staphylococcus haemolyticus was isolated
from the blood culture, as a probable con-
taminant. Later on, control serology for Q



fever showed fourfold increased values of
IgM, confirming the diagnosis Q fever.

Diagnostic imaging

On admission and a week after, chest
X-rays were made, showing no dynamics on
the findings, regardless of the treatment.

Figure 1. Chest X-rays on admission and a week
later

The echocardiography and the abdominal
ultrasound showed no abnormal findings.

A chest CT scan was performed. The CT
scan revealed intraparenchymal lesion with
irregular borders in the left lung, near the left
main bronchus. Adjacent to the lesion, there
is a ground-glass appearance of the paren-
chyma.

Figure 2. Chest CT scan

Peribronchial formation in the left lung.

Therapy

During the first days of the hospital stay,
the patient was given Amikacin i.v. Due to
persistence of the febrile episodes and no dy-
namics in the patient's condition, Clindamy-
cin was started, and Amikacin was discon-
tinued. Since the X-ray findings and the pa-
tient’s symptoms persisted, dual antibiotic
therapy was prescribed — Levofloxacin and

135

Teicoplanin following the discontinuation of
the previous treatment. After obtaining the
serology results, showing levels of IgM that
are certain for the diagnosis of Q fever, we
started Tygacil and Metronidazole. The pa-
tient had his first afebrile periods and started
to recover.

Due to superimposed fungal infection,
Difflucan was given. At the time of hospital
stay, the patient also received symptomatic
treatment, intravenous infusions and Im-
munovenin 1.v.

Discussion

Q fever is a zoonosis, caused by Coxiella
burnetii, a strictly intracellular, gram-nega-
tive bacterium. Humans are usually infected
by contaminated aerosols or in rare cases it
could be a tick-borne infection. (1) Ingestion
of high doses of C. burnetii via the digestive
route is a rare alternative for acquiring infec-
tion. The incubation period is usually 1 to 3
weeks. (2) Although often asymptomatic, Q
fever may manifest in humans as an acute
disease or as a chronic disease (clinical evo-
lution lasting longer than 6 months usually
presenting as endocarditis). The acute Q fe-
ver manifests with flu-like symptoms, atypi-
cal pneumonia or granulomatous hepatitis.
Acute Q fever can cause atypical pneumo-
nia, with fever and non-productive cough.
Chest radiographs usually show nonspecific
findings, and auscultation is usually normal.
Symptoms usually last between 1-10 weeks.
Atypical pneumonia may be mistakenly di-
agnosed as a viral infection. (3)

Because of the fact that clinical manifes-
tations of Q fever may be so variable, the dis-
ease remains often unrecognised because of
poor surveillance of the disease. Specific di-
agnosis of Q fever is mainly based upon se-
rology. The presence of a fourfold rise in
phase II IgG or IgM antibodies within a



3-week to 6-week period confirms acute in-
fection. (4)

The tetracyclines are still considered the
drug of choice for acute Q fever in the el-
derly population. A potential alternative in
this population could be macrolides. Com-
pared with patients treated with tetracy-
clines, newer macrolides have shown equiv-
alent clinical outcomes for Q fever pneumo-
nia. Despite the fact that doxycycline is now
considered safe for childhood infections, co-
trimoxazole is still recommended for chil-
dren under 8 years of age. Pregnant women
are treated with co-trimoxazole. (5)

Conclusion

This is a 10-year-old child, who is admit-
ted to the Pediatric clinic because of a two-
week febrile period and signs of atypical
pneumonia. Despite the long-term, broad-
spectrum antimicrobial therapy, there was a
persistence of the subfebrile and febrile epi-
sodes.

The patient presented with a FUO. For
this reason, a series of imaging tests were
performed, followed by serology testing
which revealed fourfold increased titers of
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the IgM antibodies, corresponding to Q fe-
ver. After initiating a treatment with tetracy-
cline, which is used for acute Q fever infec-
tions, the patient started to improve his con-
dition.

Although it is uncommon, every child
with FUO should be evaluated for Q fever,
despite the long way to diagnosis.
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Acute Spondylodiscitis as a Debut of Infective Endocarditis
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Despite technological progress and advances in medicine, infective endocarditis (IE) continues to be a chal-
lenge for physicians, due to difficulties in diagnosis and treatment and high in-hospital mortality. Atypical
clinical presentation may delay diagnosis and appropriate treatment, increasing the risk of in-hospital com-
plications and death. Cases of peripheral embolization with the appearance of spondylodiscitis are relatively
rare — up to 8% and more — more often with Staphylococcus aureus infection. We present a case of acute
spondylodiscitis as the onset of IE. A 68-year-old man, with acute difficulties in walking to the point of
impossibility of independent movement, was hospitalized in the Clinic of Neurology of the UMBAL “St.
George”. Established fever up to 38°C, inflammatory constellation with leukocytes — 22.53 10A9, CRP —
146 mg/l, anemia, newly diagnosed rough, holosystolic murmur of the aortic valve, Osler’s nodes on the
fingers of the lower limbs. Consulted with a cardiologist. From the echocardiography — data on severe aortic
stenosis (unknown until now), presence of aortic valve vegetations. Blood cultures — isolated Staphylococ-
cus aureus. Transferred to Cardiology Clinic. From the performed magnetic resonance imaging (MRI) —
evidence of spondylodiscitis in the lumbosacral department. A 6-week treatment followed, with a good

result.
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Introduction

Despite the technological and medical ad-
vances, infective endocarditis (IE) remains a
diagnostic, treatment and a high-mortality
challenge for the physicians. Atypical clini-
cal manifestations could hinder the diagnos-
tic process and adequate treatment, increas-
ing the risk of treatment-related complica-
tions and fatal outcome.

Back pain is one of the most frequent
musculoskeletal symptoms that 90% of the
population will experience during their life-
time. The condition usually resolves quickly,
usually within a week. In only 1% of the vis-
its in the emergency department (ER) related
to lumbar pain a serious condition is ob-
served — vertebral fracture, cadua equina
syndrome, infection.

Spondylodiscitis as a complication of IE
is relatively rarely observed — in approxi-
mately 8% of the patients. It is more fre-
quently associated with males above 69,7 +
18 years of age, hypertensive patients (48%
vs 34.5%; p <0.001), diabetics, patients with
autoimmune diseases (Carbone et al., 2020)
and in S. aureus infection. Single case re-
ports of association between IE and
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spondylodiscitis have been reported since
1965. (Del Pace et al., 2021).

Case description

A 68-year-old male presents himself in
the ER of “St. George” University Hospital
LLC Plovdiv with acute abnormal gait to the
inability of walking without assistance. He
states reduced functional capacity and fever
reaching 38.3°C dating back to a week. Ar-
terial hypertension and type 2, non-insulin
dependent diabetes on dietary treatment are
reported as previous comorbidities.

The initial evaluation reveals fever up to
38°C. Normosthenic build. Chest wall sym-
metry with regular vesicular breathing, with-
out any pathological auscultatory phenome-
non. Rhythmic heart activity with a heart
rate of 93 bpm, BP 130/70 mmHg, no patho-
logical findings were reported. The abdomen
was not tender, without hepatosplenomeg-
aly. No lower limb edema was reported.
Neurological status: quadri pyramidal syn-
drome, hyperreflective deep tendon reflexes,
more noticeable on the right side. Babinsky,
Hoffmann and Tromner were bilaterally pos-
itive. Quadriparetic syndrome, more notice-
able for the lower right limb.



The patient was hospitalized in the Neu-
rolgoy clinic with the diagnosis “Interverte-
bral disc disorder with radiculopathy”.

From the conducted laboratory studies
anemia: Hbg 121 g/l (140-180 g/1); RBC
4.22 x 10"12/1 (4.5-6 x 10"12/1), Het 0.378
1/1 (0.40-0.54 1/1); and an inflammatory re-
sponse: WBC 22.53 x 10"9/1 (3.5-10.5 x
1079/), Sg 19.46 x 10"9/1 (2.6-6.6 x 10"9/),
CRP 146 mg/l (0-10 mg/1), ESR 79 mm/h
(2-25 mm/h) were noted. A chest radiogram
was performed without any pathological
findings. Nasal, throat and urine cultures
were negative. A PCR test for detecting
SARS-COV?2 was negative. Three sets of he-
mocultures were acquired.

Spinal and cranial computed tomography
(CT) were performed, revealing no cranial
abnormalities. The spinal CT revealed a
multilevel stenosis and degenerative
changes. Treatment with Cefepime 1,0 g.
b.i.d was initiated, without effect.

A rheumatological and cardiological con-
sultations were performed in relation to the
confirmed inflammatory response, anemic
syndrome, persisting fever and the positive
hemocultures with a S. Aureus isolate. A
holosystolic Grade III murmur was observed
on the right upper sternal border with a prop-
agation to the carotid arteries. “Caf¢ au lait”
skin pigmentation with subungual hemor-
rhages, Janeway’s and Osler’s nodes were
noted.

NN N

Figure 1. Subungual hemorrhages and septic
emboli
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Figure 2. Janeway’s and Osler’s nodes

Tharnsthoracic echocardiography was
preformed, revealing high-grade aortic
stenosis with AV Vmax 4.63 m/s, AV
Vmean 3.82 m/s, AV maxPG 85.77 mmHg,
AV meanPG 61.99 mmHg and a vegetation
on the right noncoronary leaflet with a cross-
section of 0,8x1,3 cm. Symmetrical LVH
with preserved EF were also reported.

A definite IE was confirmed based on the
Dukes modified criteria, cited in the latest
European Society of Cardiology Guidelines
on Prevention, Diagnosis and Treatment of
Infective Endocarditis (Habib et al., 2015).
Confirmed were 2 big criteria (an isolate of
a typical microorganism, causing IE,
echocardiographic evidence of vegetation)
and 4 minor criteria (degenerative valve
disease, fever > 38.0°C, vascular and
immunological phenomena confirmed). The
patient was transferred to the Clinic of
Cardiology of “St. George” University
Hospital LLC, Plovdiv. A spinal MRI was
performed due to the persistent neurological
symptoms, confirming spondylodiscitis at
the Th.10-11 level as a complication of the
IE.
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Figure 3. Spinal MRI. spondylodiscitis at the
Th.10-11 level

The following six-week antibiotic treat-
ment course was preformed: Vancomycin
2 x 1 g/daily for 14 days and 2 x 0.5 g/daily
for 14 days; Gentamicin 2 x 80 mg/daily. For
7 days; Ciprofloxacin 2 x 200 mg/2 x 100 mg
for 21 days; Norfloxacin 400 mg p.o for 14
days. Baclofen p.o. 2 x 10 mg; Symbiotic;
Esomeprazole p.o. 2 x 20 mg; Torasemide
p.o. 5 mg/daily ; Perindopril p.o 8 mg/daily.
Enduring control of the fever and normaliza-
tion of the inflammatory markers were rec-
orded. An episode of atrial fibrillation was
managed successfully with Amiodarone.
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Serum creatinine levels elevation up to
403 pumol/L imposed reduction of the dos-
ages of antibiotics administered. Complete
kidney function restoration was achieved 2
months post-treatment. A follow-up echo-
cardiography did not find new vegetations
and any new regurgitations. The ejection
fraction was preserved.

Conclusions

Even with early diagnosis of IE and opti-
mal conservative treatment initiation, con-
siderable reduction of possible complica-
tions is not expected. In suspected spondy-
lodiscitis, MRI should be the first-line imag-
ing study, given the high sensitivity of the
method. (Carbone et al. 2020). In patients
with an implanted pacemaker, Cardiac re-
synchronization therapy (CRT) and implant-
able cardioverter-defibrillator (ICD) devices
SPECT/CT and PET/CT should be consid-
ered.

Regarding the duration of antibiotic treat-
ment of patients with IE and spondylodisci-
tis, no randomized clinical trials were per-
formed and there is no consensus. Conserva-
tive therapy in spondylodiscitis in patients
with [E should be expanded to a minimum of
6 weeks up to 3 months, or based on MRI,
SPECT/CT, PET/CT. (Del Pace et al.,
2021b)

Regardless of the problematic and often
delayed even in modern times diagnosis of
IE, the basic principles of the primary phys-
ical examinations — anamnesis and physical
examinations, including cardiac auscultation
remain essential in diagnostic decisions and
further choice of imaging studies, necessary
for a well-timed confirmation.
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Introduction: Hepatitis B reactivation after SARS-CoV-2 infection is a subject of heated discussions. This
complication is probably associated with COVID treatment. The higher risk is typical for patients with a
wide range of immunosuppression causes. The subject of this presentation is a 77-year-old male with
chronic lymphocytic leukemia. His 3 month course of chemoimmunotherapy came to an abrupt end due to
severe COVID infection with respiratory failure. He was treated without anti SARS-CoV-2 antiviral drugs.
Until than he was HbsAg negative, anti-HBc-positive, HBV DNA negative. Five months later he had jaun-
dice with laboratory syndromes of cytolysis and cholestasis. The markers of an active HBV infection were
positive — HBsAg-positive, anti HBc IgM-positive, anti HbeAg positive. He had liver failure with fatal
outcome. Discussion: The literature outlines the unsearched interactions between both viruses (SARS-
CoV-2 u HBV) as well as the necessity of monitoring and prophylaxis. Conclusion: The reactivation of
HBYV infection in potentially compromised patients after COVID infection leads to a bleak prognosis. The
discussion about these patients with malignancies will contribute to the development of new treatment and

prophylaxis approaches.

Keywords: Hepatitis B virus, reactivation, immunosuppression, COVID-19

Introduction

HBYV reactivation as a result of SARS-
CoV-2 infection is a subject of a debate.!*
According to most theories, there is a direct
connection between this process and COVID
treatment, particularly the use of corticoster-
oids to combat the cytokine storm.'-® Patients
with malignancies who undergo anti-tumor
treatment may experience immune defi-
ciency in addition to the immunosuppression
associated with corticosteroid use.

We present a case of a 77-year-old pa-
tient with chronic lymphocytic leukemia
who was HbsAg and HBV DNA negative,
anti-HBc-IgG positive. He had COVID-19.
His HBV reactivation led to a fatal outcome.

He was diagnosed with chronic lympho-
cytic leukemia in December 2021. After rul-
ing out active HBV replication, he under-
went two courses of cytostatic monotherapy
and one course with anti-CD20 antibody,
which ended in February 2022. The patient
was HbsAg negative, anti-HBc-IgG positive
on 23.12.2021. HBV DNA test was negative
on 28.01.2022.
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Anti-tumor treatment ceased because of a
severe COVID infection with a respiratory
failure (March 2022). He was treated with
Dexamethasone 8 mg/d, Levofloxacin, Bac-
teripim, anticoagulant, hepatoprotectors. His
treatment plan did not include anti-SARS-
CoV-2 antiviral drugs.

Jaundice and dark urine appeared at the
end of September 2022. He was hospital-
ized. The treatment included Methylpredni-
solone, hepatoprotectors, vit. K, fresh frozen
plasma, gastroprotectants, hemotransfusions,
human albumin, Usofalk, an antibiotic and
Transmethyl. A seroconversion was ob-
served — HbsAg positive, anti HBc IgM pos-
itive, anti HCV-negative, anti HbeAg posi-
tive, anti HDV negative. (Table 1) His con-
dition progressively worsened within the
next 20 days with the development of a le-
thal liver failure.

Comorbidities were congestive heart fail-
ure, chronic ischemic heart disease, a condi-
tion after coronary angioplasty, chronic
atrial fibrillation, non-insulin-dependent di-
abetes mellitus. He did not consume alcohol
or take liver — toxic drugs.



Table 1. Dynamics of laboratory parameters:

Laboratory parameters Initial COVID infection HBYV reactivation
23.12.2021 18.03.2022 21-25.10.2022
Total bilirubin 33,5 pmol/l 43,7-45,2 pmol/l 283-581 pmol/l
Direct bilirubin 11 umol/l 28,2-19,8 umol/l 167-363 pmol/l
AST 22 TU/N 532-390-137 1U/
ALT 16 U/ 397-306-124 1U/1
LDH 77710/1 349-554 1U/ 420-337 1U/1
HbsAg - - positive
anti HBc-total positive positive
Anti HBe positive
Anti-HCV negative negative
Total protein 65,661 g/l 58 g/l
albumin 36-29 g/l 30 g/l
Prothrombin time 66% 46-34%
SARS-CoV RNA positive negative
Anti-HDV negative
Anti-HAV negative
Anti-HEV-IgM negative
HBV-DNA undetected 28.01.2022
Discussion a Janus kinase inhibitor in specific indica-

HBYV reactivation is more common in pa-
tients with HbsAg positive, than in patients
with HBsAg negative and anti-HBc posi-
tive.!* The interaction between both viruses
are not clear.” SARS-CoV-2 can cause liver
damage with fast worsening of liver function
and cytolysis laboratory tests on its own.’

COVID treatment includes two groups of
drugs — directly influencing SARS-CoV-2
virus and aiming a treatment for the immune
mediated damage.! Some authors associate
the last group of drugs with a higher risk of
HBV replication reinitiation in former
cases.*” Dexamethasone 6-8 mg is recom-
mended in the COVID treatment standards
for respiratory failure. In practice this treat-
ment is longer in order to win over the cyto-
kine storm complications. Treatment of se-
vere cases includes Remdesevir (viral RNA
polymerase inhibitor) and Dexamethasone.
Dexamethasone can be combined with mon-
oclonal antibodies against IL 6 — receptor or
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tions. !+’

Such cases have more severe inflamma-
tory or necrotic processes in the liver in
HBYV reactivation. The causes are the SARS-
CoV-2 direct impact on the liver cells, cyto-
kines and liver ischemia. According to some
authors HBV reactivation in these cases is
potentially life threatening.'®

Our patient is significantly immunocom-
promised due to a hematological malignancy
and anti-tumor treatment that included a
one-time administration of anti-CD20 mon-
oclonal antibody. Corticosteroid therapy is
present in the treatment protocols of lym-
phomas and severe COVID infection.

What are the recommendations for moni-
toring and prophylaxis of patients with a
higher risk of a HBV reactivation.">!0 Ac-
cording to the literature, it is recommended
to test for HBV active infection markers in
SARS-CoV-2 RNA-positive patients before
initiating corticosteroid therapy.!* Our



patient also started anti-tumor treatment in
the case of a negative test for HBV-DNA.

In the cases of HBsAg positive patients
with COVID a prophylaxis of HBV reacti-
vation with nucleoside analogues is highly
recommended within the 612 months after
the cessation of immunosuppressive ther-
apy. According to the European Association
for the Study of the Liver, a prophylaxis of
HBsAg-negative anti-HBc-positive COVID
patients (as in our case) is also recommended
if there is a long immunosuppression. !

Conclusion

The presented case highlights the issues
faced by potentially vulnerable patients.
HBV reactivation after a COVID infection
has a poor prognosis. The discussion of these
patients underscores the importance of the
treatment and prophylaxis standards of im-
munocompromised patients.
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Introduction: Alkaptonuria (ochronosis) is an autosomal-recessive disorder affecting the metabolism of
tyrosine and phenylalanine which results in accumulation of homogentisic acid (HGA) in connective tis-
sues. The joints are most commonly affected while the most common cardiac injury is aortic valve stenosis.
The focus of therapy is on reducing the symptoms. Aortic stenosis (AS) in alkaptonuria is treated with
surgical aortic valve replacement (SAVR), however transcatheter aortic valve implantation (TAVI) proce-
dures are increasing in number with excellent outcomes. Case presentation: We report a case of a 67-year
old female with chronic back pain and large-joint arthralgia, who was recently diagnosed with alkaptonuria.
Cardiovascular evaluation was performed due to dyspnea, retrosternal discomfort and fatigue during mild
physical activity. She reported a long known heart murmur and intermittent dark-brown staining of her
underwear since childhood. Comorbidities include arterial hypertension and atrial fibrillation (AF). Bilat-
eral dark brown pigmentation of the sclera and both ear cartilages were visualized. A rough systolic murmur
propagating towards the carotid arteries was auscultated. ECG confirmed AF and left ventricular hypertro-
phy. Cardiac ultrasonography showed severe AS, reduced global longitudinal strain and preserved ejection
fraction. Along with the standard therapy the patient underwent TAVI with Boston Scientifics prosthetics
with a very good post-procedural outcome. Discussion and conclusion: There is limited information on
the success rate of TAVI in patients with alkaptonuria. In the population the outcome of TAVI is generally
good, however, the individual success in alkaptonuria patients depends on the severity of their heart valve
damage and overall health.

Keywords: alkaptonuria, aortic stenosis, TAVI

Introduction

Alkaptonuria is a rare autosomal-reces-
sive disorder that affects the metabolism of
tyrosine and phenylalanine, resulting in the
accumulation of homogentisic acid (HGA)
in the body.'® (fig. 1) HGA binds to fibrillar
collagen in the extracellular matrix in the
presence of mucopolysaccharides, leading to
oxidative stress and tissue damage.>* One of
the most frequent sites for pigment deposi-
tion is the aortic valve, as well as the inter-
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vertebral discs of the lumbar spine, the skin, Maleylacetoacetate

the cartilage of the ear, and the eyes. Com-

mon clinical symptoms include dark urine,

ochronotic arthropathy and spondylopathy, Benzoquinones
which manifest as joint pain. Dark-brown

pigmentation of the conjunctiva, cornea, and 1
sclera is also observed, although eyesight is Ochronetic
not affected. The renal system effectively se- pigment

cretes HGA, therefore the clinical manifes-
tation takes 3—4 decades.
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Figure 1. Metabolism of homogentisic acid



Prognosis of the disease depends on the
intensity of heart injury as a result of the pig-
ment deposition in the cardiac structures —
coronary arteries, cardiac valves, and aorta.
The most common cardiac pathology in pa-
tients with ochronosis is aortic valve steno-
sis.’ The diagnosis of ochronosis is complex
and includes medical history, physical ex-
amination, laboratory testing of urine and
blood, and imaging. Critical is the concen-
tration of homogentisic acid in body fluids,
which can be directly measured by gas chro-
matography or mass spectrometry analysis
Genetic testing with PCR is evaluating for
HGD mutations. Imaging methods — X-ray,
CT-scan and MRI prove typical changes in
the skeletal bones. Arthroscopy and skin bi-
opsy are very informative.® Cardiovascular
pathology is demonstrated in electrocardiog-
raphy (ECG), echocardiography (EchoCG)
and interventional coronarography.

Currently, there is no cure for alkaptonu-
ria — management of the disease focuses on
reducing symptoms and slowing down pro-
gression. It includes anti-inflammatory med-
ications, pain management, and physical
therapy. Low tyrosine and phenylalanine
diet may also be recommended. Arthroplasty
is commonly used, as joint damage is among
the most severe manisfistation. Aortic steno-
sis (AS) in alkaptonuria is treated with sur-
gical aortic valve replacement (SAVR),
however transcatheter aortic valve implanta-
tion (TAVI) procedures are increasing in
number with excellent outcomes.””

Case presentation

We report a case of a 67-year-old female
who complained of dyspnea, orthopnea, ret-
rosternal discomfort and fatigue during mild
physical activity. She also reported edema of
the lower parts of both legs and chronic back
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and joint pain for mare than 30 years. There
was dark staining of her underwear. Her
comorbidities were interpreted as seronega-
tive spondyloarthritis, arterial hypertension,
and permanent atrial fibrillation (AF).

Upon physical examination, there was bi-
lateral dark-brown pigmentation of the
sclera and bluish-black discoloration of both
ear cartilages. The patient's range of motion
in the spine, shoulders, and knees was re-
stricted. Muffled heart sounds and a rough
systolic murmur propagating towards the ca-
rotid arteries with a punctum maximum on
the aortic valve were auscultated.

Assessing all the symptoms and their du-
ration, ochranosis was suspected. The pa-
tient was referred for testing of the concen-
tration of HGA in her blood and urine and it
was significantly elevated.

Cardiac findings

The ECG confirmed atrial fibrillation
with left ventricular hypertrophy. EchoCG
revealed left ventricular symmetrical con-
centric hypertrophy with a decreased ejec-
tion fraction of 45%, indicating chronic heart
decompensation. The heart contractility was
also decreased due to the persistent higher
afterload, as well as the left ventricular lon-
gitudinal strain. Pathological pressure gradi-
ents were observed (fig. 2).

Management of the patient

The patient was presented at heart team
and was assessed for TAVI procedure.
Standard protocol was applied. The proce-
dure underwent no complications, and the
patient was discharged in improved general
condition. The patient was followed up to
the third month, at which point the valve had
a normal gradient and the ejection fraction
normalized, but the strain is still decreased
due to irreversible heart damage.
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Figure 2. Echocardiography before the procedure 2A — ejection fraction by simpson's method;

2B — Left ventricular global longitudinal strain

Discussion and conclusion

There is limited information on the suc-
cess rate of TAVI in patients with alkaptonu-
ria. TAVI was chosen for this patient due to
increased cases of suture dehiscence in pa-
tients with ochronosis, resulting from con-
insufficiency caused by
ochronotic pigment deposition. Another rea-
son for this decision is the more difficult re-

nective tissue

covery period after SAVR, as patients with
this disorder usually have arthropathy,
which disables them from movement, cru-
cial for rehabilitation after SAVR. In the
population the outcome of TAVI is generally
good, however, the individual prognosis in
alkaptonuria patients depends on the severity
of their heart valve damage and overall
health.!%-13
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Scientific purpose: to compare the optical coherence tomography (OCT) measurements of retinal nerve
fiber layer (RNFL) thickness and ganglion cell complex (GCC) in patients with mild cognitive impairment
(MCI) and healthy controls. Methods: A total of forty eyes were recruited in this pilot study- twenty eyes
of ten consecutive patients with early-stage cognitive disorder and 20 eyes of ten healthy controls of same
age (58+6y.0.). Comprehensive standardized ophthalmic examinations included visual acuity, cycloplegic
refraction, color vision and intraocular pressure. Optical coherence tomography was performed using 3D
Topcon OCT; RNFL thickness and ganglion cell complex (GCC) was detected with the inbuild software.
Mean values for the thickness of the peripapillary RNFL and ganglion cell complex (GCC) were calculated
and compared between study groups. Results: Statistically significant differences between the RNFL thick-
ness in each quadrant and ganglion cell complex (GCC) of MCI patients and the healthy controls were
found. Conclusion: OCT could be a useful clinical and valuable research tool for evaluation and monitoring
the progression of cognitive disorders by measurement of the RNFL as purely axonal structure (indicative
for axonal loss) and the macular ganglion cell complex (evidence of neuronal loss).

Keywords: optical coherence tomography, mild cognitive impairment, retinal nerve fiber layer thickness

Introduction

Pathology of central nervous system has
ocular manifestations. They are due to retro-
grade and/or direct degeneration of the vis-
ual pathways, mostly related to a direct in-
jury to the optic nerve, retinal ganglion cell
layer and/or its surrounding cells. Retina is
ontogenically a brain-derived tissue and it
has been suggested that it may provide an
easily accessible and non-invasive way of
examining the pathology of the brain: “the
eye as a window of the brain” (1, 2). These
ocular manifestations can be examined and
monitored in vivo by Optical Coherence To-
mography (OCT). It can detect CNS degen-
erative pathology at possibly subclinical
stages and has a potential of quantifying neu-
roaxonal loss, and the increasing acceptance
of the anterior visual pathway as a model to
investigate MCI and other diseases of de-
mentia spectrum (3-8). It was hypothesized
that OCT imaging of the retina in patients
with MCI may provide a high-resolution, ob-
jective, non invasive, and easily quantifiable
in vivo biomarker of severity of disease.
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Aim

The purpose of this study was to compare
retinal nerve fiber layer (RNFL) thickness
and ganglion cell complex (GCC) between
MCI patients and aged matched healthy in-
dividuals using 3D Topcon 2000 FA+ OCT.

Methods

This was a pilot observational study con-
ducted on a total of forty eyes: twenty eyes
of ten consecutive patients with early-stage
cognitive disorder and 20 eyes of ten healthy
controls of same age (58 + 6 y.o.). MCI was
diagnosed according to the consensus crite-
ria from the International Working Group on
MCI. Cognitively normal controls attended
the same clinic but were not impaired in any
of the tested domains. Optical coherence to-
mography was performed using 3D Topcon
OCT 2000 FA plus; RNFL thickness and
ganglion cell complex (GCC) was detected
with the inbuild software. Mean values for
the thickness of the peripapillary RNFL and

ganglion cell complex (GCC) were



calculated and compared between study
groups. All subjects were examined using
standard protocols: 3D Disc 6 mm x 6 mm,
3D Macula 6 mm x 6 mm and 3D Macula
(V) 7 x 7 mm with 3D Topcon 2000 FA +
(Topcon, Tokyo, Japan). At OCT scans cen-
ter macular thickness was determined auto-
matically and was analyzed by OCT soft-
ware. Age stratified comparisons of all mac-
ular and RNFL measurements between
groups were carried out using the independ-
ent sample t-test or ANOVA. For signifi-
cance p < 0.05 was considered to be statisti-
cally significant. All analyses were per-
formed using SPSS software, version 19.0.

Results

Peripapillary and macular OCT imaging
was performed on 20 eyes of patients with
mild cognitive impairment. No images were
excluded from the final analysis due to poor
image quality. Patient age ranged from 51 to
65 years (median 58 + 6 years). The percent-
age of subjects who were female was 50%.
Disease duration for all subjects with MCI
was at least 5 years. The Macular Total Vol-
ume in MCI patients was decreased com-
pared to healthy controls, with statistically
significant differences. Mean Macular Total
Volume for MS patients was 7.84 = 0.13 mm?.
For healthy controls mean Macular Total
Volume was 8.34 + 0.22 mm?. Peripapillary
RNFL thinning was demonstrated: mean
thickness was 107.2 + 3.8 um (P <0.001) for
individuals with MCI when compared with
eyes of healthy patients (115.3 £ 2.93 um).
The ganglion cell complex (GCC) in MCI
patients were all decreased compared to
healthy controls, with statistically signifi-
cant differences. Mean thickness for MCI
patients was 59 £ 0.2 um for GCL+ and 98 +
0.12 pmfor GCL++. For healthy controls
mean thickness was 76 + 0.20 pm for GCL+
and 119 + 0.12 pum for GCL++ (Table 1).
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Table 1. Comparison of pRNFL and GCL be-
tween the two groups

Study Control p
Group (xSD) |Group(xSD)

pRNFL 107.2£3.8 ym |115.3+2.93  |p<0.001

um

Macula: 59+0.20 ym |76+0.20 ym |p<0.001

GCL+ 98+0.12 ym |119+0.12 um

GCL++

Discussion

Early detection and prophylaxis is im-
portant, as well as in other diseases (10, 11).
Several studies have explored the relation-
ship between OCT parameters in patients
with MCI and AD (9, 12—17). The neurology
field has advanced to produce a validated
cerebrospinal fluid (CSF) marker for AD
(total tau:amyloid-beta), and positron emis-
sion tomography (PET) imaging with a radi-
otracer for amyloid-beta can also help to dis-
tinguish AD patients from controls without
dementia. However, these biomarkers are
both invasive, lumbar punctures have asso-
ciated risks and contraindications (e.g., anti-
coagulation), and PET imaging is costly
(18-20). Our OCT findings revealed a neu-
roanatomic difference in the RNFL and
GCC thickness among the MCI group and
healthy control group. This suggests that a
change in these parameters could be a mean-
ingful index for diagnosing early AD, and
that OCT could be a valuable research in-
strument for evaluation and monitoring the
progression of cognitive disorders by meas-
urement of the retinal nerve fiber layer
(RNFL) as purely axonal structure (indica-
tive for axonal loss) and the macular gan-
glion cell complex (evidence of neuronal
loss). However, there has been conflicting
evidence on the effectiveness of ophthalmic
scanning in mild cognitive impairment
(MCI), the precursor of dementia. A signifi-
cant correlation between OCT measure-
ments in inner retinal layers with cognitive
screening assessments has been reported,



although Ito et al saw no changes on OCT in
MCI individuals, recommending further re-
search (20).

Conclusion

To summarize, a decrease in RNFL and
GCIPL thickness is associated with a decline
in cognitive performance in MCI patients.
Although these OCT parameters do not fully
explain the variations in cognitive perfor-
mance in MCI, they may serve as early bi-
omarkers of cognitive decline and neuro-
degeneration in patients with this disease.

Ethical approval

“All procedures performed in studies in-
volving human participants were in accord-
ance with the ethical standards of the institu-
tional and/or national research committee
and with the 1964 Helsinki declaration and
its later amendments or comparable ethical
standards. Informed consent was obtained
from all individual participants included in
the study.”
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Introduction: Arterial hypertension affects about 30% of the general population. The majority of cases are
due to primary hypertension. In about 15% of all affected patients, high blood pressure is due to secondary
causes such as renal or endocrine pathology. Case presentation: A 60-year old male was referred to the
Endocrinology department due to resistant hypertension during the last 2 months, despite being on an ex-
tensive list of antihypertensive medications. A routine CT scan, performed as part of a follow-up for chronic
lymphocytic leukemia, displayed bilateral adrenal incidentalomas. Prior to the hospitalization, blood testing
detected remarkably low potassium levels, impaired fasting glycaemia and elevated normetanephrines. The
oral glucose tolerance test revealed impaired glucose tolerance and insulin resistance. The aldosterone/renin
ratio was extremely high. 24-hour urine cortisol was elevated. In order to distinguish between pseudo-
Cushing’s syndrome and true hypercortisolism, an overnight suppression test with 1 mg dexamethasone
test was performed. Adequate inhibition of cortisol levels was achieved. A retest of normetanephrines in
urine showed a negative result. Administration of an aldosterone antagonist was initiated with a good re-
sponse from the patient. Conclusion: Hyperfunction of the suprarenal glands usually presents with hyper-
tension, which can occasionally be a challenge for the differential diagnosis. Disruption of the adrenal
hormonal secretion demands a meticulous consideration of possible patient-specific and pre-analytical con-
founding factors. The clinical presentation, the characteristics of the hypertensive syndrome and serum

electrolyte levels are valuable guides in the etiological evaluation.
Keywords: endocrine hypertension, primary hyperaldosteronism

Introduction

Arterial hypertension affects about 30%
of the general population. The majority of
cases are due to primary hypertension. In
about 15% of all affected patients, high
blood pressure is due to secondary causes
such as renal or endocrine pathology.

Actual presentation of the case and

discussion

A 60-year old male was referred to the
Endocrinology department due to resistant
hypertension. High blood pressure (BP) was
diagnosed 10 years ago, with impaired con-
trol during the last few months, despite the
intake of multiple anti-hypertensive medica-
tions. His therapy included: Olmesar-
tan/Amlodipine 20/5 mg x 1 tab q.d, Inda-
pamide 25 mg x 1 tab q.d., Spironolactone
50 mg x 1 tab q.d., Moxonidine 0.4 mg 2 x 1
tab g.d., Doxazozine 2 mg 3 x 1 tab q.d.,
Nebivolol 5 mg x 1/2 tab q.d. He reported
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persistently high BP with frequent hyperten-
sive crises — BP levels up to 220/110 mmHg,
leading to several hospitalizations in cardiol-
ogy departments. K* levels were low on re-
peated tests —up to 2.7 mmol/l /3.5-5.5/. The
patient was diagnosed in 2012 with B-cell
chronic lymphocyte leukemia (B-CLL).
Since 2017 he has been treated with Ibru-
tinib. During routine CT scans with i.v. con-
trast of the abdomen, as a follow-up for to
the hematologic disease, a rounded lesion in
the left suprarenal gland, sized 26/21 mm
and native density 6 HU was described. In
some, but not all of the most recent CT
scans, another smaller lesion in the right su-
prarenal gland was observed, with a size of
9/9 cm and native density 11 HU. Ambula-
tory, fractionated plasma metanephrines
(PMET) were tested. The test revealed nor-
mal levels of metanephrines — 45 ng/l
/< 102/ and elevated normetanephrines —
325 ng/l /< 189/. Impaired fasting glucose



was noted a year earlier. He reported pro-
gressive weight-gain. The patient was a
heavy smoker with no family history of en-
docrine diseases or hypertension. He was ad-
mitted in a satisfactory condition. The gen-
eral status revealed hyperstenic habitus
(BMI — 34.38 kg/m?), pale mucous mem-
branes, high BP — 200/100 mmHg. The rest
of the status was unremarkable. K' levels
were in the lower limit of normal (3.8
mmol/l), despite the administration of 2 tab
g.d. Kalinor. Other electrolytes were within
reference ranges. Normal kidney and liver
function was observed. The patient was bio-
chemically euthyroid. Reference ranges of
morning (393,92 nmol/l /140-500/) and
midnight cortisol (101,09 nmol/l /< 138/)
and preserved rhythm were detected, as well
as normal ACTH - 23,5 pg/ml /8,53-57,8/.
Blood test revealed suppressed renin — 1,144
pu[IU])/mL /4,2-45,6/, high aldosterone —
406,7 pg/ml /70-300/ and aldosterone/renin
ratio (ARR) — 355.5 /< 3.7/. The tests were
performed after a preparation with Vera-
pamil and Doxazozin. Elevated urinary free
cortisol (UFC) was also detected -
491,19/D-2100 pmol/24 h /130-360/. Oral
glucose tolerance test revealed impaired glu-
cose tolerance (IGT) — blood glucose at 120
min — 9.92 mmol/l /< 7.8/, lack of insulin re-
sistance — HOMA index — 1.89. The ultra-
sound examination of the neck area was un-
remarkable. Based on the clinical presenta-
tion and the laboratory results we narrowed
down the differential diagnosis to 3 possible
diseases: Cushing’s syndrome, pheochro-
mocitoma and hyperaldosteronism. The CT
scan image was not specific for neither of
those options. IGT could also be observed in
all of them. The obesity and high UFC sug-
gested a possible Cushing’s syndrome.
However, the preserved cortisol rhythm im-
plied pseudo-Cushing’s syndrome due to the

excess weight. The elevated PMET
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indicated pheochormocitoma. Nevertheless,
the typical triad (palpitations, perspiration,
headache) was not observed during a hyper-
tensive crisis. A careful interrogation of the
patient revealed non-observance of the con-
ditions for PMET testing. The necessary
20-min rest before sample collection and to-
bacco abstinence were not considered. Ig-
noring these preparations can lead to false-
positive results. Hyperaldosteronism was
very likely, due to the notable hypokalemia
and markedly elevated ARR. The express
1 mg dexamethasone overnight suppression
test confirmed pseudo-Cushing’s syn-
drome — cortisol 8 h — 28.2 nmol/l /< 50/.
Normal fractionated metanephrines in urine
rulled out pheochormocitoma (meta-
nephrines — 181 pg/24 h /43,4-260/, nor-
metanephrines — 312 pg/24 h /128-484/).
We asked for a revision of the last CT scans
with 1.v. contrast of the abdomen. For-
mations in both adrenals were confirmed
with a dominant hypodense nodule in the left
gland and a subcentimeter nodule in the con-
tralateral gland. Unfortunately, performance
of a lateralization technique was not availa-
ble. Confirming hyperaldosteronism, we
faced the challenge of specifying the exact
subtype. We diagnosed the patient with
Conn’s adenoma due to the marked sponta-
neous hypokalemia and the extremely high
levels of aldosterone > 30 ng/dl, which are a
hallmark of autonomic nodules. We sug-
gested that the dominant hypodense nodule
on the left was the functioning nodule, and
the subcentimeter nodule in the contralateral
gland was an incidentaloma (commonly
found > 35 years of age). We added a maxi-
mum dose of Spironolactone 25 mg 2x2 tab
g.d. to the therapy with Verapamil SR 120
mg 2 x 2 tab q.d. and Doxazozin 4 mg 3 x 1
tab g.d. The pros and cons of surgical treat-
ment were discussed with the patient. Due to
his preferences he was referred for a



laparoscopic removal of the left adrenal
gland. The histological result confirmed a
suprarenal adenoma. Postoperatively, K"
levels normalized promptly, BP control was
optimized and the anti-hypertensive therapy
was reduced.

Conclusion

The differential diagnosis of endocrine
hypertension is primarily directed towards
adrenal hypersecretion. Disruption of the ad-
renal hormonal secretion demands a meticu-
lous overview of possible patient-specific
and pre-analytical factors. The clinical
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presentation, the characteristics of the hyper-
tensive syndrome and serum electrolyte lev-
els are valuable guides in the search of the
etiology.
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Introduction: The use of ceramic veneers is an integral part of the modern esthetic dentistry. However,
some clinical situations require their removal and the procedure is unpredictable both for the integrity of
the veneer and the tooth structures. The removal of ceramic veneers with Er:YAG laser is a clinical proce-
dure often reported in the literature (case reports) but only a scanty number of publications address its
safety. Aim: The purpose of this study is to evaluate the ability of Er:YAG laser to debond successfully
porcelain veneers with different design and thickness without damaging the tooth structures and the veneer.
Methods: Three different design of zirconia ceramic veneers of thickness that varied from 0.1 mm and 1
mm were included in this study. Freshly extracted teeth were used and the samples were decontaminated,
stored, prepared and bonded to obtain veneers adhesion. One week after an Er:YAG laser with a non-
contact sapphire tip with air-water spray was used for veneer debonding at 20 Hz, 250 mJ (5§ W). The
overall debonding time of each veneer was recordet and the integrity, the presence of cracks and defects
both on the tooth surface and the veneers were analysed using a SEM. Results: The average time for the
laser-assisted debonding was 52,33 sec. The results demonstrated that veneer debonding seems not related
to the preparation design and the veneer thickness. SEM observation confirms that residual tooth structure
and the veneers are not altered when using these parameters. Conclusions: The Er:YAG laser is able to
debond veneers while preserving the tooth structures. The laser-assisted veneer debonding allows the re-
use of the detached veneer in some clinical cases. The method is rapid.

Keywords: Debonding, Er:YAG laser, veneer, scanning electron microscopy

Introduction

The use of ceramic veneers is an integral
part of the modern esthetic dentistry. The in-
terest to these restorations is attributable to
their conservative preparation, esthetic qual-
ity, fracture resistance, soft tissue tolerance,
low debonding rate and negligible incidence
of caries!!l.

However, some clinical situations require
their removal. Failure may occur due to sev-
eral reasons, such as the longevity of adhe-
sive materials or the procedure applied tech-
nique. Marginal infiltration, cement decol-
ouration, laminate crack or patient’s aes-
thetic dissatisfaction of shade or shape of all
ceramic restoration. Apart from these, mi-
croleakage may also occur, which may lead
to caries, irreversible pulpitis, staining, and
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gingival reactions. There are also failures
during the cementation process such as im-
proper positioning. In all of these cases, the
procedure of debonding is unpredictable for
the integrity of the veneer. The safety re-
moval with respect to preservation of the ve-
neer integrity is still under consideration.

The laser-assisted debonding procedure is
considered to be novel and promising
method in dentistry. One of these lasers, er-
bium-doped, yttrium-aluminum-garnet
(Er:YAG), has been known and successfully
used for debonding ceramic brackets. On the
other hand the removal of ceramic veneers
with Er:YAG laser is a clinical procedure re-
ported in the literature but only a scanty
number of publications address its safety and
effectiveness!>?,



Aim

The purpose of this study was to evaluate
by using scanning electron microscopy the
ability of Er:YAG laser to debond success-
fully porcelain veneers with different de-
signs and thickness without damaging the
veneer itself.

Materials and methods

Three different designs of zirconia ce-
ramic veneers with diversed thickness were
included in this study. Freshly extracted
teeth were used. The samples were decon-
taminated and stored in a 0.1% thymol solu-
tion for 2 days They were then rinsed on
coolant water and veneers were prepared as
follows.

Enamel preparation: Vestibular enamel
surfaces were prepared under air/water spray
with a turbine (Kavo Supertorque 660 B,
Germany) with diamond burs (Mani Dia
Burs, TR-26F Japan) and polished with TR-
26EF burs. Three different designs of zirco-
nia veneers (feathered-edge window, butt
joint, palatal chamfer) of thickness that var-
ied from 0.3 mm and 1 mm were included in
this study (Fig. 1).

Impression: Once the macroscopic evalu-
ation of the preparation was recognized as
acceptable, all of them were fixed in C-sili-
cone impression material (Swisstec, Col-
tene) and scanned in a laboratory scanner
(Autoscan DS-EX, Shining 3D). Then zirco-
nia ceramic veneers (UTML Katana™ Zir-
conia discs, Kuraray Noritake Dental Inc.)
were realized according to the manufac-
turer’s instructions.

Pretreatment procedure: Zirconia ve-
neers were laboratory pretreated with sand-
blasting with 50 um AL203 at a pressure of 2
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bars. After that they were ultrasonically
cleaned in distilled water.

Sealing: For the sealing procedure, we
used Panavia V5 Professional kit (Kuraray
Noritake Dental inc.). K-etchant Syringe
was applied for selective etching of the pre-
pared teeth. Afterwards the tooth surface
was pretreated with Panavia V5 Tooth Pri-
mer for 20 sec and air-dried. Clearfil Ce-
ramic Primer Plus was applied on all zirco-
nia veneers and air-dried. Then dual-cure ce-
ment Panavia™ V5 was applied and light
cured.

Debonding procedure: The veneers were
all debonded and removed without the use of
diamond tip burs. The laser parameters were:
20 Hz, 250 mJ (5 W) with water/air spray.
The application was initiated with 1 min
30 sec duration, with sinusoidal movements
along the laminate surface and in a perpen-
dicular position along the tooth axis, 5 mm
distant from the tooth. In case the ceramic
laminate did not detach, one more minute of
laser application was performed and another
debonding attempt with the spatula was
made (Fig. 2). The integrity of the veneers
were analysed using a SEM.

Results

All veneers were completely and easily
removed from the tooth using the Er:YAG
laser. The total removal time was 157 s. The
average time for the laser-assisted debond-
ing was 52,33 sec. The results demonstrated
that veneer debonding seems not related to
the preparation design and the veneer thick-
ness. On all specimens, the typical structure
of the veneer cement covered the surfaces.
SEM observation confirms that residual
tooth structure and the veneers are not al-
tered when using these parameters (Fig. 3).



Figure 1. Preparation of three different designs of ceramic veneers (feathered-edge window, butt joint,

palatal chamfer) and evaluation of their thickness.

Figure 3. Intact veneers after debonding and consequent SEM evaluation.

Discussion

Clinically, removing a cemented ceramic
veneer can consume around 30 to 60
minutes. More importantly, the conventional
veneer removal technique with rotary instru-
ment would destroy the restoration and thus
make it totally unappropriated if we want to
reuse the veneer. Zirconia ceramic is often
cracked upon touching by a rotary instru-
ment or US tip. In addition minimal veneer
all ceramic preparations are one of the most
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preferred procedures in everyday dental
practice when there are indications for it.
Most common problems related with them
are misplacement and their fragility. In par-
ticular, for typical enamel-limited and mini-
mal preparations for laminate veneers, laser
application can be applied safely for debond-
ing fragile restorations, even as thin as
0.5 mm, and this may be very useful for re-
moving misplaced restorations immediately
and then recementing them immediately!.



Moreover, using a laser instead of a high-
speed handpiece for debonding restorations
can avoid enamel substrate removal; thus,
the use of a laser is valuable for the long-
term success of laminate restorations’!.

Therefore, there is a clear need for a more
conservation approach of all ceramic resto-
rations removal. Previous studies verified
that lasers that soften the adhesive resin are
effective for the removal of ceramic brack-
ets®l. However, there are currently limited
studies that confirm the efficacy of laser
debonding for laminate veneers>?!. The re-
sults from the present study also confirmed
that Er:YAG laser can be used as a non-in-
vasive tool to retrieve a ceramic veneer.

Debonding thicker ceramics has been re-
ported to require higher laser energies than
those of thin veneers due to the higher opti-
mal laser energy needed to reach and react
with the cement—ceramic interface!”). The re-
lationship between the restoration thickness
and the mechanism of polymer degradation
was shown by Culhaoglu et all in 202181, As
the restoration thickness decreases, the laser
application becomes more effective. While
no damage was observed at the resin cement
tooth connection in the thick specimens, ab-
lation areas and melted apatite debris were
observed on tooth surfaces in the 0.5-mm
thick specimens. Moreover, molten apatite
debris may depend on whether the water
cooling did not reach the interface between
the tooth and resin cement because clean ab-
lated surfaces without smear layers and in-
tact enamel tubules have been reported in the
presence of the water spray. In our study
strict protocol of veneer preparation was ap-
plied and all of the veneers were with thick-
ness between 0,3 mm and 1 mm. All of them
were removed for abbreviated time and with
no damage to the ceramic surface.

It is important to note the laser settings
such as energy (mlJ), frequency (Hz), which
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result in power (W) differentiate in this study
compared to some other authors. Rechmann
et al® applied a higher energy setting of
500 mJ for ~4—5 min compared to the energy
setting in the present research of 250 mJ for
~2-3 min. Kursoglu (2013)!'%, in his case re-
port paper, applied also laser with higher fre-
quency of 29 Hz and higher energy (320 mJ)
again on ceramic laminates. On the other
hand Iseril'!l, in his laboratory study used
less energy of 100 mJ. However, a higher
frequency was used — 50 Hz, and again suc-
cess was achieved with laminate debonding.
Based on the literature data and within the
limitations of this pilot study, results there-
fore indicate that lower energy setting may
present a safer and more sufficient method
for veneer removal.

Conclusion

The Er:YAG laser is able to debond ve-
neers in a rapid manner while preserving the
integrity of the ceramic restoration. The la-
ser-assisted veneer debonding allows the re-
use of the detached restoration if needed.
Further clinical studies have to confirm the
success rate of this method.
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Introduction: Epulis gravidarum is an inflammatory lesion, which develops in the oral mucosa of pregnant
women (usually in late first trimester) in response to chronic irritants of low degree such as bacterial bio-
film, dental calculus and traumatic agents. These lesions can also present as asymptomatic, pedunculated,
red-to-purple raspberry-like nodules, which can be ulcerated due to secondary trauma. Epulis gravidarum
has proclivity for intraoral locations, predominately affecting the gingiva followed by the lower lip, tongue,
buccal mucosa, upper lip and palate. Aim: The aim of this study is to evaluate the literature on rate, clinical
signs and possible treatment options of Epulis Gravidarum. Resources and methods: A literature search
of PubMed data base was conducted. Used keywords were: epulis gravidarum, oral pregnancy tumor, gran-
uloma gravidarum, pregnancy epulis. Results and discussion: Publications from 1948 to the present have
been found, reflecting the interest of researchers over the years and the relevance of the problem to the
present day. Conclusion: The literature review on the subject provides information accumulated over more
than 75 years on the management of epulis during pregnancy by the dentist in collaboration with the obste-
trician.

Keywords: epulis gravidarum, dental management

Introduction the condition is not associated with pus and

Epulis gravidarum is an inflammatory le- does not represent a granuloma histologi-
sion, which develops in the oral mucosa of cally®!. An increased number of periodontal
pregnant women in response to chronic irri- pathogens, especially Porphyromonas gingi-
tants of low degree such as bacterial biofilm, valis, Prevotella intermedia and Porphy-
dental calculus and traumatic agents.!"»* The romonas intermedius in the subgingival bio-
development of this particular kind of gingi- film, in pregnancy may directly affect gingi-
vitis, typical in pregnancy, suggests the ex- val fibroblasts and keratinocytes thus lead-
istence of a relationship between the gingi- ing to the exhaberant tissue response against
val lesion and the hormonal condition ob- plaque, ‘increases vascular permeability, fa-
served in pregnancy. Increased levels of pro- vors the infiltration of fluids into the peri-
gesterone during pregnancy produce dilation vascular tissues and enhances the inflamma-
and tortuosity of the gingival microvascula- tory response, having an important role in
ture, circulatory stasis and increased suscep- the development of the lesion. Porphyromo-
tibility to mechanical irritation, all of which nas intermedius is also able to use progester-
favor leakage of fluid into the perivascular one instead of vitamin K as an essential
tissues.?’l Localized gingival enlargements growth factorl. It is a benign, pink, semi-
are often seen in pregnant patients (granu- firm, discrete, mushroom-like, exophytic tis-
loma gravidarum) and are categorized as sue overgrowth that develops within days to
‘conditioned enlargements’ as the systemic weeks and it is attached on a pedunculated or
condition of the patient exaggerates or dis- sessile base.l'!?! It is generally associated
torts the normal gingival response to dental with bleeding either spontaneously or during
plaque. Although commonly used, the term tooth brushing and mastication!?/*!

‘pyogenic granuloma’ is a misnomer since
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Aim

The aim of this study is to evaluate the lit-
erature and present a review about the clini-
cal signs, treatment options and rate of epulis
gravidarum.

Materials and methods

A literature search was conducted via
PubMed database. Keywords used were
“epulis gravidarum”, “oral pregnancy tu-

9% ¢

mor”,
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granuloma gravidarum”, “pregnancy
epulis”. Only articles in English and Bulgar-
ian were included. Systematic review arti-
cles were excluded from the search. The ini-
tial search identified 231 results, of which
205 were excluded due to containing non-
relevant information, with the remaining 26
included in this review. The search strategy
includes only articles that contain treatment
options and clinical signs of epulis gravi-
darum.

Results and discussion

Epulis gravidarum (EG) is observed most
commonly in the second and third trimester
of pregnancy and its prevalence is estimated
to be around 0.2% to 9.6% in pregnant
woman.* The location that is most prevalent
for EG is the gingiva, as about 73.17% of the
lesions are located there. Other locations are
—tongue (14.63%), lips (7.32%), buccal mu-
cosa (4.88%). EG 1is also reported to mani-
fest in subcutaneous and superficial tissues.
According to different studies, the preva-
lence of EG is in the third decade of life with
average age of 28 years.[¥) EG is most fre-
quently appearing in areas where gingivitis
has already been observed. It is also associ-
ated with dental plaque and calculus, as the
last have been observed on teeth adjacent to
EG.M Pregnancy is associated with unique
hormonal changes in the female body. Estro-
gen and progesterone are the hormones that
are mainly excreted during pregnancy.
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Estrogen is related to nutrient transfer and
the vascularization of the placenta. Estrogen
levels reach their peak in the third trimester.
This increased levels of estrogen and proges-
terone in combination with dental biofilm
and irritants (calculus) are causing changes
in the oral mucosa — which results in EG.[!
Estrogen is also observed to be stimulating
Nerve Growth Factor (NGF) in macro-
phages, Fibroblast Growth Factor and Trans-
forming Growth Factor betal, which leads to
production of gingival granulations. Levels
of progesterone in saliva during pregnancy
are significantly higher, compared to saliva
of non-pregnant women, reaching levels of
1543 pg/ml in their peak in third semester'> 4,
As a comparison, levels of progesterone in
non-pregnant women is around 40 pg/mil!.
One of the functions of progesterone is im-
munosuppressing. Thus, progesterone inhib-
its the migration of inflammatory cells and
fibroblasts especially in the gingival sulcus.
This inhibition in combination with the “ac-
tive” progesterone in the blood, changes the
gingival immune system and the cells of the
periodontium which alters the reaction of the
organism to irritants. This is reported to be
one of the main causes of EG in pregnant
women.

Dental sulcus is home to many microor-
ganisms. One of them is Prevotella interme-
dia, which is related to periodontal diseases.
In third trimester of pregnancy, levels of P.
intermedia are reported to be significantly
higher in comparison to non-pregnant(®!3!,
Progesterone is shown to enhance the
growth of oral P. intermedia. In fact,
Prevotella species can use the progesterone
as food instead of vit. K. EG have also been
observed in woman taking oral contracep-
tives with higher progesterone dosage. An-
other microorganism related to periodontal
diseases is Fusobacterium nucleatum, which
can invade all kind of cells in the human



body!'*!. The recent report of a term stillbirth
caused by oral Fusobacterium nucleatum
provided the first human evidence that the
bacteria originated from the mother’s sub-
gingival plaque and translocated to the pla-
centa and fetus, causing acute inflammation
leading to the fetal demisel’/],

EG is a smooth or lobulated exophytic le-
sion manifesting as small, red, erythematous
papules on a pedunculated or sessile base,
which is usually hemorrhagic and compress-
ible and may develop as dump-bell-shaped
masses. It is reported that the two types of
EG are clinically different. LCH EG occurs
more frequently (66%) as a sessile lesion,
whereas non-LCH EG mostly occurs as pe-
dunculated (77%)!"?]. EG may vary in size —
from a few millimeters to several centime-
ters. Although, it rarely exceeds 2.5-3.0 cm
and it usually reaches its full size within
weeks or months. EG usually has slow,
asymptomatic, and painless progression.
The surface of the lesion is typically ulcer-
ated and friable, often covered by a yellow,
fibrinous membrane. The color of the lesion
varies between pink and red nuances, ac-
cording to the age of the lesion. Clinical de-
velopment of the lesion is slow, asympto-
matic, and painless, but it may also grow
rapidly. Young EGs are highly vascular in
appearance, because they are composed pre-
dominantly of hyperplastic granulation tis-
sue in which capillaries are prominent. Mi-
nor trauma to the lesion may cause consider-
able bleeding, due to its pronounced vascu-
larity, whereas older lesions tend to become
more collagenized and pink. Usually, EG is
clinically indistinguishable from pyogenic
granulomal'¥l. There is a report by Good-
man-Topper and Bimstein which informs
that in rare cases EG may cause significant
bone loss. EG, which manifest in subcutane-
ous and superficial tissues is rapidly growing
lesion. It is typically a painless sessile or
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pedunculated mass of varied diameter with
size varying from 5-10 mm. It starts as a
small pin head sized lesion, which grows
rapidly. It is prone to spontaneous hemor-
rhage or hemorrhage after minor traumal!>!
Histologically inflamed gingiva in preg-
nancy has no specific feature distinguishing
it from “normally” inflamed gingiva (Maier
& Orban 1949). Similarly, pregnancy granu-
loma is histologically identical to pyogenic
granuloma known to be inflammatory by
origin (Pindborg 1983). Histologically EG
present loose granulation tissue rich in capil-
lary vessels and proliferation of endothelial
cells, typically accompanied by a mixture of
inflammatory cells!'®l. Microscopic exami-
nation of EG shows a highly vascular prolif-
eration that resembles granulation tissue!!”).
Numerous small and large channels are
formed which are filled with red blood
cells!!”]. and lined by flat or plump endothe-
lial cells that are probably mitotically ac-
tivel'8). The blood vessels often show a clus-
tered or medullary pattern separated by less
vascular fibrotic septum. At lower magnifi-
cation, particularly at the lateral edges, a lob-
ular arrangement is noticed wherein groups
of capillaries proliferate but abruptly stop.
Each lobule is surrounded by a thin collagen
layer. This arrangement is disrupted at the
base, where irregularly shaped larger vascu-
lar channels reside and presumably com-
municate with the proliferation. It is here
that some anastomosing channels can occa-
sionally be identified, but they are focal ra-
ther than an integral part of the lesion. At
higher magnification, another discriminating
feature of benign vascular lesion is found:
the small capillary endothelial-lined spaces,
which are surrounded by a double layer of
perithelial or pericytic cells!!®!”l. Poly-
morphs, as well as chronic inflammatory
cells, are consistently present throughout the
with micro-abscess

edematous stroma,



formation!?”). The fibroblasts are typically
plump and mitotic activity could be noted in
the stromal cells. Older lesions demonstrate
fibrocytes, which are fewer and more mature
cells. Some scarring may be noted in some
of these lesions, showing that occasionally
there may be maturation of the connective
tissue repair process?!). The surface is usu-
ally ulcerated and replaced by a thick fibrin
purulent membrane!!”. A mixed inflamma-
tory cell infiltrate of neutrophils is mostly
prevalent near the ulcerated surface; chronic
inflammatory cells are found deeper in the
sample!'72!l. The natural history of the le-
sions follows three distinct phases — cellular,
capillary and involutionary. In the cellular
phase, the lobules are compact and cellular
with little lumen formation. In the capillary
phase, the lobules become frankly vascular
with abundant intra-luminal red blood cells.
One or more central vessels develop a large
lumen with a thick muscular layer resem-
bling a vein. In the involutionary phase,
there is a tendency for intra- and perilobular
fibrosis with increased venular differentia-
tion['?). There are two histological types or
EG. The first type is characterized by prolif-
erating blood vessels that are organized in
lobular aggregates. Superficially the lesion
frequently undergoes no specific change, in-
cluding edema, capillary dilation or inflam-
matory granulation tissue reaction. This his-
tological type of EG is called lobular capil-
lary hemangioma (LCH type)?*, whereas
the second type (non-LCH type) consists of
highly vascular proliferation that resembles
granulation tissue!'’?*!. The lobular area of
the LCH EG contains a larger number of
blood vessels with small luminal diameter
than does the central area of non-LCH EG.
In the central area of non-LCH EG, a signif-
icantly greater number of vessels with peri-
vascular mesenchymal cells non-reactive for
a-smooth muscle actin and muscle-specific
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actin is present than in the lobular area of
LCH EG. These differences suggest that two
histologic types of EG represent distinct for-
mations!'?!. Toida et al.*¥ found that the
presence of blood vessels with different lu-
minal diameter in the lobular area of LCH
EG and in the central area of non-LCH EG
may be because different pathogenic factors
influence their development. Epivatianos et
al.l'?] observed that foci of fibrous matura-
tion were present in 15% of non-LCH EG
but were totally absent in LCH EG. Alt-
hough it is possible that EG can undergo fi-
brous maturation, they showed that this hap-
pened only in non-LCH EG which suggest
that the two types of EG have different path-
ways of evolution.

According to the National Consensus,
pregnant women should be advised to con-
tinue with routine dental visits every 6
months and to schedule a dental appointment
as soon as possible if oral health problems or
concerns arisel*!'l. In fact, this is never the
reality. Only 22 to 34 percent of women in
the United States consult a dentist during
pregnancy''%. Even when an oral problem
occurs, only one half of pregnant women at-
tend to it. Recent data suggest that about
50% of women do not have a dental visit
during pregnancy, even when they perceive
a dental need!"*°. This data is unsatisfactory
because every pregnant woman should be
screened for oral risks, counseled on proper
oral hygiene, and referred for dental treat-
ment when necessary and should be assessed
for dental hygiene habits, access to fluori-
dated water, oral problems (e.g., caries, gin-
givitis), and access to dental care!. Compre-
hensive prenatal health care should include
an assessment of oral health!"*. Oral exami-
nation should include the teeth, gums,
tongue, palate, and mucosa. Patients should
be counseled to perform routine brushing
and flossing, to avoid excessive amounts of



sugary snacks and drinks, and to consult a
dentist!!!. The pregnant patient should be ed-
ucated on the importance of oral health care
for herself and on expert recommendations
for bolstering home oral hygiene care during
pregnancy!'!'l.

Management of EG is usually observa-
tional. In the patient’s initial treatment visit,
root planning and ultrasonic scaling are
done, because removal of local irritants may
lead the process to regression. The patient is
also instructed of good oral hygiene and hab-
its. Chlorhexidine gluconate mouthwash is
advised for improving the oral hygiene. The
need for surgical intervention during preg-
nancy should be carefully examined, consid-
ering the high rate of GG recurrence, as well
as the possibility of regression after child-
birth. The surgical manipulation is risky be-
cause the epulis bleeds heavily and may re-
sult in serious morbidity or fetal mortality.
Another thing about the surgical incision is
that, if done during pregnancy, the lesion is
likely to recur, and the patient should be in-
formed of that possibility!!->), If, despite all
of this, the lesion is bleeding, causing irrita-
tion, interfering with mastication or is caus-
ing esthetic problems, it can be surgically re-
moved. The surgical manipulation can be
carried out with a scalpel and a mucoperios-
teal flap. However, other treatment methods
can also be used — laser therapy, electro-cau-
tery, chemical cautery?®. Good results are
obtained with cryocautery!'®!. Some cases of
the EG resolve spontaneously after delivery,
mainly due to the regularization of hormone
levels. If the lesions persist after childbirth,
surgical excision can be carried out. Differ-
ent non-surgical therapies have been devel-
oped. One of them is the angiogenesis ther-
apy - with angiostatin and endostatin!®!. An-
giostatin is capable of inhibiting the migra-
tion of monocytes and neutrophils to the in-
flammatory sites. It can also inhibit
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pathological angiogenesis without affecting
the development of physiological vasculari-
zation. All of this leads to decrease in in-
flammatory cytokines!, and the granulomas
cells enter a default pathway of apoptosis.
Recombinant human endostatin has enter
phase I clinical study and has been proven
safe and well tolerated®!,

Conclusion

Epulis during pregnancy is a benign neo-
plasm with a low incidence manifesting
more frequently in the second trimester. In
some cases, it can reach large sizes and pro-
voke associated complications or lead to re-
current gingivorrhagia. A review of the liter-
ature shows that the dentist can monitor the
lesion, which in most cases regresses after
delivery, or undertake conservative or surgi-
cal treatment. For pregnant women with epu-
lis, a multidisciplinary approach and collab-
oration with the obstetrician who monitors
the course of pregnancy are very important.
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Introduction: Modern esthetic dentistry is based on all-ceramic restorations. Knowledge of the different
techniques for cementation can allow dentists to choose the proper ones. Acknowledging the properties of
ceramic materials and their cementation protocol is essential for long-term clinical success of fixed resto-
rations. Purpese: The purpose of this study is to introduce different techniques for adhesive cementation
of all-ceramic restorations. Material and methods: The study was done by researching and comparing
different sources in publicly available scientific online databases (such as PubMed, Scopus, Science Di-
rect). Results and discussion: Silica-based ceramics (feldspathic porcelain, leucite-reinforced ceramic,
lithium disilicate and lithium silicate ceramics) should be bonded with adhesive or esthetic resin cements
using appropriate bonding agents and primers. Zirconium oxide based ceramics are a rapidly growing type
of esthetic restoration. Due to their high strength, zirconia-based ceramic restorations can be cemented with
traditional cements or bonded with adhesive resin cements. Self-adhesive resin cements offer less tech-
niques sensitivity than traditional cements, making them excellent choices for the cementation of appropri-
ate zirconia restorations. Conclusion: The choice of the right cement and cementation protocol can raise
or decrease the aesthetic effect of the all-ceramic restoration. It has to be considered to the type of ceramic
material and its manufacturer‘s recommendations.

Keywords: all-ceramic restorations, adhesion, cementation, ceramics

Introduction

Modern esthetic dentistry is based on all-
ceramic restorations. Knowledge of the dif-
ferent techniques for cementation can allow
dentists to choose the proper ones. Acknowl-
edging the properties of ceramic materials
and their cementation protocol is essential
for long-term clinical success of fixed resto-
rations. Ceramic materials are divided by
their microstructure and elemental composi-
tion into two main classes: mainly silica-
based with fillers — typically including feld-
spathic, leucite, or lithium disilicate — and
the oxide-based alumina and zirconia. The
infinite variability of the ceramic compo-
nents can confuse dentists, and without
proper guidelines for their use, this can lead
to wrong clinical decisions and failure.
Achieving the bond between any resin ce-
ment and a ceramic material requires surface
conditioning. For regular glass-ceramic res-
toration is recommended 4-5% Hydroflu-
oric acid etching and the usage of a silane
coupling agent in order to obtain a chemical
network between silica from the ceramic
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surface and resin matrix. The lack of vitre-
ous phase (below 1%) of densely sintered
alumina and yttria-tetragonal zirconia poly-
crystal (Y-TZP) ceramics makes them re-
sistant to acid etching. As a consequence, al-
ternative conditioning methods have been
proposed: sandblasting and use of a MDP
(10-methacryloyloxydecyldihydrogen-

phosphate) primer/cement or silica coating
of zirconia surface and use of regular adhe-
sive cement. Nevertheless, different primers
and adhesives coupled with specific bonding
procedures drastically reduce the microleak-
age and its consequences. Currently, glass
ionomer cement (GIC) and resin-based ce-
ments are the primary choices for bonding
ceramic restorations to the remaining tooth
structure. GIC and resin-modified GIC
(RMGIC) are often used to cement acid-re-
sistant ceramics, mostly because these ce-
ments are very easy to use. Yet, the most
popular and effective cements for all types
of ceramic restorations are the resin-based
composites, especially the systems contain-
ing the 10-methacryloyloxydecyldihydro-



genphosphate (MDP) monomers. These ce-
ment systems contain special adhesive mol-
ecules that can potentially promote chemical
bonding with all dental ceramics. However,
the longevity of this bond remains unclear
(1,2,3,4,5,6,7,8).

Aim

The aim of this study is to introduce dif-
ferent techniques for adhesive cementation
of all-ceramic restorations.

Material and methods

The study was carried out in the databases
of PubMed, Scopus and Science Direct using
the terms “all-ceramic restorations”, “adhe-
sion” and “cementation”. Preferred were
studies in the period from 2003 to 2021. 21
articles were selected that summarize the
factors associated with the occurrence of this
condition.

Results and discussion

Silica-based ceramics (feldspathic porce-
lain, leucite-reinforced ceramic, lithium dis-
ilicate and lithium silicate ceramics) should
be bonded with adhesive or esthetic resin ce-
ments using appropriate bonding agents and
primers. Zirconium oxide based ceramics
are a rapidly growing type of esthetic resto-
ration. Due to their high strength, zirconia-
based ceramic restorations can be cemented
with traditional cements or bonded with ad-
hesive resin cements. Self-adhesive resin ce-
ments offer less techniques sensitivity than
traditional cements, making them excellent
choices for the cementation of appropriate

zirconia restorations (9, 10). The zirconia
based ceramic is a glass-free (vitreous phase
below 1%) polycrystalline microstructure,
with high fracture strength and fracture
toughness but in the same time an acid-re-
sistant or non-etchable material. This fact
determines poor adhesion for resin cements.
For this reason, there have been some efforts
of manufacturers and researchers to modify
the surface properties of zirconia by using
various methods. The most used two meth-
ods are: The first recommends a ceramic pri-
mer or resin cement, which contains a bio-
functional monomer, 10-methacryloyloxy-
decyldihydrogen-phosphate (MDP). This
monomer has the same basic chemical struc-
ture as any primer or bonding. It property to
combine directly with metal oxides as ZrO,
ALO3, etc. In the same time it provides the

highest bond strength to dentin among the
functional monomers from adhesive sys-
tems. The cementation protocol for natural
teeth supposes dentin conditioning, zirconia
surface conditioning with a special MDP pri-
mer and MDP or non-MDP composite ce-
ment. The second method called “silicatisa-
tion” is usually applied in dental laboratories
and is an airborne particle abrasion using
50-110 m Al,O3 coated with silica (Table 1).
Due to the very high speed of these particles,
about 1000 km/h, these are embedded on the
ceramic surface with the result of a chemi-
cally silica-modified surface. Furthermore
this surface is acting as a usual glass ceramic
surface, and resin cement bonds to it with
silane coupling agent (1, 11, 12).

Table 1. Pretreatment and cementation of different type of all-ceramic restorations

Porcelain Oxide-based ceramics, Zirconia Glass ceramics
Mechanical - Grit blasting with alumina powder Grit blasting with ad-
pretreatment hesive discs
Chemical pre- | = HF 5% or 9% = 10-MDP = HF 5% or 9%
treatment = Silanisation = Silicatisation = Silanisation

Type of adhe- .
sive cement
system

Light or dual-cured (pref-
erably amine-free) resin
composite cement

= Composite cement

= Dual-cured resin composite cement
containing 10-MDP
= Resin-modified glass ionomer cement

= Dual-cured resin
composite cement
= Composite cement
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Lithium disilicate can be conventionally
or adhesively cemented to tooth structure.
The choice of cementation, conventional or
adhesive, should be in correspondence with
the abutment dimension. Conventional ce-
mentation is associated with technique sim-
plicity, whereas adhesive cementation is as-
sociated with a technique-sensitive multistep
procedure that is problematic in cases of sub-
gingival margins. The clinical success of ad-
hesive ceramic restorations is heavily de-
pendent on luting resin cement and cementa-
tion procedures, including ceramic surface
treatment. Surface treatment of lithium disil-
icate is attained by combined hydrofluoric
(HF) acid and subsequent silane application.
During the cementation procedure, chemical
bonds and micromechanical interlocking are
formed at the resin-ceramic interface (13,
14). Micromechanical retention is provided
by HF acid etching of the ceramic surface,
while chemical coupling is provided by the
application of a silane coupling agent. The
HF removes the glass matrix and the second
crystal phase (lithium orthophosphate), cre-
ating a rough surface with irregularities
within the lithium disilicate for bonding.
Furthermore, the silane coupling agent, pro-
motes the chemical adhesion between the
silica in the glass phase of the ceramics and
the organic phase (the methacrylate groups)
of the resin cement through siloxane bonds.
A variety of silane primers have been mar-
keted, but the majority contain dilute (2—5
wt%) alcoholic solutions of 3-methacrylox-
ypropyltrimethoxysilane (MPTMS), either
as two-bottle systems for hydrolytic activa-
tion prior to application or as a single-bottle
prehydrolyzed form.

According to the manufacturer’s direc-
tions of use, etching the lithium disilicate
surface is recommended with 5% HF acid
for 20 s. (6, 9, 10). However, in many stud-
ies, a higher concentration (9.5-10%) of HF
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acid has been used. This higher concentra-
tion corresponds to the recommended sur-
face treatment of feldspathic ceramic, which
is usually 9-10% HF (15, 16). Studies exam-
ining the effect of overetching (higher acid
concentration and/or longer exposure time)
on the bond strength (SBS) of lithium disili-
cate to resin cement have led to contradic-
tory results evaluated the effects of different
HF acid concentrations on the cyclic load-to-
failure of CAD-CAM lithium disilicate
crowns cemented by resin cement to dentin
and found no negative effect of the different
HF concentrations. Many studies the influ-
ence of HF acid concentration and etching
time on the micro-shear bond strength
(uSBS) of lithium-silicate glass ceramics to
resin cements and demonstrated that while
material and HF concentration influenced
the uSBS, the etching time was not an influ-
ential factor. Their conclusion was that the
most effective etching treatment for lithium
disilicate was the use of 4.9% HF for 20 s.
Their conclusion was that the highest rough-
ness value was obtained with 10% HF for
2040 s, but that the highest bond strength
value was produced with 5% HF for 40 s (10,
11,17, 18, 19, 20, 21).

Conclusion

The dentist could choose between differ-
ent cements available on the dental market.
Each one of them has advantages, disad-
vantages and a precise working protocol.
The choice of the right cement and cementa-
tion protocol can raise or decrease the aes-
thetic effect of the all-ceramic restoration. It
has to be considered to the type of ceramic
material and its manufacturer‘s recommen-
dations.
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Introduction: Glass-lonomer cements have many advantages as restorative materials: adhesion to tooth
structure, fluoride releasing capacity, biocompatibility. However, in terms of aesthetics, especially opacity,
they are not as adequate as desired. Aim: The aim of this study was to compare the opacity of two
encapsulated commercial glass ionomer cements — a conventional glass ionomer (Riva Self Cure) and a
resin-modified glass ionomer cement (Riva Light Cure). Materials and methods: 3 encapsulated Riva
self-cure and 3 Riva light-cure capsules of shade A2 were used to prepare 6 samples. The specimens were
stored in 10ml of deionised water for an hour in an incubator. Then they were moved into a clear petri disk
and placed on black and white backgrounds. Digital photographs were taken to obtain a greyscale meas-
urement. The disks were then stored again for 24 hours in water at 37°C and photographed again. Digital
images were analysed with Image J software. Results: Conventional glass ionomer cement showed higher
opacity (mean value 0,755) than resin-modified (mean value 0,707) after 1 hour. The opacity was again
higher for the conventional glass ionomer cement (mean value 0,725) than the resin-modified glass ionomer
cement (mean value 0,673) after 24 hours. Opacity for both specimens decreased after 24 hours. Conclu-
sion: Resin-modified glass ionomer cements have lower opacity than conventional glass ionomers. There

is further scope for improving aesthetic properties of glass ionomer cements.

Keywords: glass-ionomer cement, opacity

Introduction

Glass-ionomer cements also referred to as
glass polyalkenoate cements are widely used
as restorative and adhesive dental materials
mainly because of the ability to bond to
enamel and dentine and to release fluoride
(1, 2). Glass ionomers have been separated
into two groups — conventional glass-iono-
mer cements (C GICs) and resin-modified
glass-ionomer cements (RMGICs) (3). The
development of RMGIC emerged in an at-
tempt to overcome some of the limitations of
C GICs. The addition of resin chemistry to
glass ionomers has improved properties such
as a prolonged working time with a rapid set
when light cured, strength resistance to acid
attack and wear resistance (1). An essential
clinical consideration of GICs is the ability
to release fluoride ions from the bulk of res-
toration due to the leaching of fluoride ions
from the matrix to the surrounding environ-
ment. During the setting reaction, the glass
releases the ions (freely ready to migrate)
which are present within the matrix (4, 5).
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Aim

The aim of this study was to compare the
opacity of two encapsulated commercial
glass ionomer cements — a conventional
glass ionomer (Riva Self Cure) and a resin-
modified glass ionomer cement (Riva Light
Cure).

Materials

A conventional glass ionomer cement and
a resin-modified glass ionomer cement were
evaluated for this study. The conventional
glass ionomer was Riva Self Cure shade A2
and A3 (SDI, Bayswater, Australia). The
self-cure batches (shade A2 and A3) con-
sisted of 0.45 g powder 0.14 g liquid
(0.13 mL) per capsule. The resin-modified
glass ionomer used was Riva Light cure high
viscosity shade A3 (SDI, Bayswater, Aus-
tralia). The light-cure high viscosity A3
batch consisted of 0.43 g of powder, 0.14 g
liquid (0.13 mL) per capsule.



Method

3 encapsulated Riva self-cure and 3 Riva
light-cure capsules of shade A2 were used to
prepare specimens to compare the aesthetics.
Each sample was placed in separate test
tubes consisting of 10 ml deionised water.
The specimens were then placed into an in-
cubator for one hour. After an hour the sam-
ples were taken out of the incubator and
dried using filter paper. All 6 samples were
placed in the middle of a clear petri dish con-
sisting of 5 ml of deionised water. The petri
dish was placed on an A4 sheet of paper; an
illuminated white background (reflectance
70%) and illuminated black background.
The A4 sheet of paper was placed on top of
a light with the petri dish positioned in the
middle of the paper. An iPhone was used to
take digital images of the samples in order to
give a greyscale measurement. The samples
were placed in test tubes containing 10 ml of
deionised water and kept at 37°C for 24
hours. Digital images were taken of the spec-
imens after 24 hours.

The paste was filled into a mould (ISO
standard 4 x 6 cm) (Figure 2). The Riva Self-
cure was extruded into the mould and com-
pressed using acetate sheet on either side. 7—
8 capsules were extruded into the mould and
compressed using acetate sheet as self-cured
specimens would consist of possible defects,
therefore making more than the desired
amount was necessary. The mould consist-
ing of prepared samples were placed at 37°C
in a drying and heating chamber (Series FD,
BINDER GmbH, Tuttlingen, Germany) for
15 min before being removed using a sy-
ringe. The finished samples were placed in
10 ml of deionised water test tubes and kept
in an incubator for the desired amount of
time. The procedure for Riva light-cure sam-
ples was the same as Riva self-cure until the
paste was filled into the mould. The next step
consisted of blue light being applied on
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either of the sample (covering the sample
completely) for 20 s. A syringe was then
used to remove the samples from the mould
and placed in 10 ml of deionised water.

Figure 2. Mould plate Results

Results

From Figure 3 it can be seen that 1 hour
after preparation the RMGIC samples show
less opacity within the illuminated white and
black background. When comparing the
zoomed in versions in Figure 3 this is evi-
dent. In addition, the 3 RMGIC specimens
show very little contrast, which was an ex-
pected observation. Similarly, the 3 C GIC
specimens portray minimal distinctions in
opacity.

A similar trend can be observed from the
images present in Figure 4 — after 24 hours.
The C GIC samples expose a greater level of
opacity when compared to the RMGIC sam-
ples. However, it is difficult to compare the
images taken an hour after preparation and
after 24 hours, as the Figures above do not
show a conclusive difference.



ImagelJ was the software used to analyse
the digital images. The first tool was used to
draw square boxes in order to calculate the
reflectance given by the illuminated white
background and the reflectance given by the
illuminated black background.

The procedure undergone for calculating
opacity values for each specimen is shown in
Figures 5, 6, 7 and 8. A constant value of 570
was used for each sample in order to

Resin-modified glass

ionomer cement
(RMGIC) samples

Petri Dish

maintain consistency throughout all of the
data collected. It can be seen that the mean
value for RMGIC Sample 1 under the white
illuminated background was 147.53; with
the mean value for the sample under black
illuminated background being 108.05. The
same technique was completed for the 3
RMGIC and C GIC samples for both illumi-
nated white and black backgrounds.

Figure 3. A petri dish consisting of 3 RMGIC samples and 3 C GIC samples, taken an hour after prep-

aration.

Conventional glass

ionomer cement
(C GIC) samples

Figure 4. A petri dish consisting of 3 RMGIC and 3 C GIC samples 24 hours after preparation.

© RMGIC Sample 1 (1 hour) white background
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Figure 5. An image representing a square tool box covering the white illuminated background.
Figure 6. An image showing the area and mean values for sample no. 1 (RMGIC) under the white

illuminated background.



¢ RMGIC Sample 1 (1 hour) black background
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Figure 7. An image representing a square tool box covering the black illuminated background for sam-
ple no.1 (RMGIC). Figure 8. An image showing the area and mean values for sample no.1 (RMGIC)
under the black illuminated background.

Opacity was calculated using the follow-
ing equation:
Co.70 = Rp/Ro.70
The following calculation represents the
step taken for calculating the opacity for

RMGIC Sample 1 using the mean values for
both illuminated backgrounds:

Rp =108.051
R0.70 =147.733

However, after 24 hours the average opacity
for the specimens had decreased to 0.673
(3.s.f). This shows that the RMGIC speci-
mens had a decline of 0.034 over the time
scale of 24 hours. Similarly, C GIC samples
represented a comparable trend in opacity
values. The mean value for C GIC samples
after 1 hour was 0.755 (3.s.f) and 0.723
(3.s.f) after 24 hours — a difference of 0.032.
This indicated that the difference in mean

Coro =" values between 1 hour and 24 hours after

' sample preparation was the same for both
Co.70 = 108.051/147.733 = 0.731393798 types. Furthermore, C GIC had more opacity
after 24 hours in comparison to RMGIC.
Although the opacity for both specimens de-
creased after 24 hours.

From Figure 9 it is evident that the aver-
age opacity for RMGIC specimens after 1
hour is 0.707 (3 significant figures, 3.s.f).

RMGIC Sample White Black Opacity
background background
reflectance reflectance
After 1 hour 1 147.733 108.051 0.731393798
2 150.561 102.905 0.683477129
3 144.016 101.758 0.706574270
Mean = 0.707148399
After 24 hours 1 148.074 100.309 0.677424801
2 148.146 103.075 0.695766339
3 152.704 98.454 0.644737531

Mean = 0.67264289

Figure 9. The date collected for RMGIC samples after 1 hour and 24 hours.

C GIC Sample White Black Opacity
background background
reflectance reflectance
After 1 hour 1 131.491 97.325 0.740164726
) 127.258 97.046 0.762592529
3 126.539 96.275 0.760832629
Mean = 0.754529961
After 24 hours 1 134.632 95.370 0.708375423
2 132.881 97.693 0.735191638
3 1353395 98.960 0.7312225232

Mean = (.724929861

Figure 10. The data collected for C GIC samples after 1 and 24 hours.
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Discussion

From the aesthetics results gathered from
the experiments conducted it is evident that
RMGIC specimens consist of better translu-
cency than C GIC specimens an hour and
24 hours after preparation. The maturation
of the matrix within conventional GICs
(within the Riva Self Cure samples) affects
the aesthetics and results in the shade match
improving a couple of days after preparation.
Moreover, the type of material may play a
role in the amount of time taken for the shade
match to be achieved (6). However, a long-
term benefit of C GICs over RMGIC:s is the
greater capability to resist colour changes
over the restoration life period. This shows
that observing the opacity of C GIC speci-
mens after 2-3 days would have possibly
given a lower opacity.

Conclusion

Resin-modified glass ionomer cements
have a lower opacity than conventional glass
ionomers. There is further scope for improv-
ing aesthetic properties of glass ionomer ce-
ments.
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Management of a Patient with Multiple Carious Lesions —

a Case Report
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In this case report a 24-year-old male patient with multiple carious lesions was treated with multidiscipli-
nary evidence based approach. The management of this patient was conducted according to evidence based
clinical protocol including long term glass ionomer cement (GIC) temporary restorations. The patient’s
short term dental management was successful due to the implementation of preventive strategies coupled
with accurate diagnosis and treatment planning. Enhancing the actual awareness of the patient of his oral
health status is of paramount importance for the success of any complex dental treatment in high caries risk

patients.
Keywords: multiple carious lesions

Introduction

Dental caries is an important public
health problem worldwide. Today it is rec-
ognized as an infectious disease that affects
children and adults throughout life (1). A
poor oral health has psychosocial impacts
that diminish a quality of life and restrict ac-
tivities in school, at work, and home (2).
Multiple caries predominantly affects teen-
agers and young adults, with some etiologi-
cal factors being reduced salivary flow (pos-
sibly due to certain diseases or drugs), drug
abuse and high sugar/carbohydrate diets,
coupled with poor oral hygiene (3).

Case report

Background

The presented case is of a a 24-year-old
male patient with multiple carious lesions.
His complains were of severe provoked pain
on sweet, cold and sour food that ceases
upon stimulus removal, along with poor aes-
thetics due to numerous visibly decayed
teeth (Fig. 1). The radiographic examination
(Fig. 2) showed previous root canal treat-
ment, failing restorations with poor quality,
secondary caries and deep decay. The patient
had previously undergone several extrac-
tions in the past due to non-restorable teeth,
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hinting at the neglect of oral hygiene. The
Initial periodontal evaluation (Fig. 3)
showed bleeding on probing and plaque in-
dex 100%, highlighting the dire need of in-
tense education and motivation.

Aldough the thorough anamnesis could
not confirm any drug abuse or infectious dis-
ease great protective care was taken when
treating the patient in the clinical room.

Figure 1. Initial clinical picture showing numer-
ous acute & chronic carious lesions, heavy
plaque & calculus and inflamed gingiva.

Figure 2. OPG and segment X-ray of teeth 24,
26,27,12-22, 33, 34,37
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Figure 3. Initial periodontal examlnatlon

Material and methods

The management of this patient was con-
ducted using the following protocol:

1. Assessment of the caries risk of the pa-
tient as extremely high (4);

2. Motivation and oral hygiene instruc-
tions;

3. Elimination of supra- and sub-gingival
plaque and calculus;

4. Removal of all the carious lesions in a
single visit and obturate with GIC to de-
crease plaque retentive areas and cariogenic
bacteria, allowing time for remineralization
(Fig. 2, 3);

5. Extractions of non-restorable teeth;

6. Prescription 5000 ppm fluoride tooth-
paste 2x daily;

7. Topical Fluoride application after 1
week of GIC placement to optimise the Flu-
oride release;

8. Chlorhexidine gluconate (0,12%) rinse
Ix daily for 1 week every month until the
next check up;
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Figure 4. Thorough removal of all carious lesions

Figure 5. Temporisation with GIC for 2 weeks
and topical Fluoride application after 1 week to
optimise the Fl- release.

9. Re-evaluation and re-motivation;

10. Final composite restorations and
metal-acrylic bridge placement (24-27) after
significant reduction in the bleeding on
probing index and plaque index.

It was apparent that a heavy focus on oral
hygiene was needed, so the first step of the
treatment plan was to motivate the patient
using visualisation of the presence of the
large build-up of debris and plaque with a
disclosing agent, along with providing an in-
depth consultation and explanation (using a
typodont) of the most effective brushing
technique for his case. After taking the Peri-
odontal probing depth and debris and calcu-
lus indices, ultrasonic scaling to remove the
calculus, followed by polishing to remove
any leftover debris was conducted. The sec-
ond stage was to excavating all caries lesions
(on teeth 13-23, 16, 17, 33, 34, 37, 47) with
a carbide bur and slow handpiece. Tempori-
sation with a chemically setting GIC for 2
weeks was chosen as it releases more



Fluoride than the Resin Modified one (5). To
further optimise the Fluoride release, a topi-
cal Fluoride varnish was applied after 1
week of placing the GIC to effectively “re-
charge” the GIC (6). The patient was advised
to brush 2 times daily with prescription 5000
ppm NaF toothpaste and use a 0.2% Chlor-
hexidine rinse twice daily for 4 weeks. A xy-
litol chewing gum was also recommended to
increase the saliva stimulation. After 2
weeks, the patient’s updated oral hygiene
was assessed, to ensure he was suitable for
the final obturations and then composite was
used to replace the GIC. Unfortunately, two
of the patient’s teeth (26 & 48) were decayed
beyond repair, therefore had to be extracted
during this time too. After a month of heal-
ing, a metal acrylic bridge was cemented in
the region of 24-27 to complete all the res-
torations. This patient will be recalled every
3 months to ensure their improved oral hy-
giene is being maintained.

Results

The short term dental management of the
patient was successful due to the implemen-
tation of preventive strategies coupled with
accurate diagnosis and treatment planning
(Fig. 6-9). The long term success depends of
the compliance of the patient.

Discussion and conclusion

Dental caries is a multifactorial disease
that necessitates complex interactions be-
tween fermentable carbohydrates, acid-pro-
ducing microorganisms, and host factors. It
is noteworthy that the prevalence of the dis-
ease has reduced due to better awareness,
improved oral hygiene, and access to regular
dental care. Even though there is reduced
mean caries prevalence, approximately 15—
20% of the population belong to the high-
risk category with about 60% contributing
toward caries development (7).
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Figure 6. The periodontal re-evaluation after 1
month clearly shows a decrease in the Bleeding
on Probing and Plaque index, indicating the pa-
tient compliance and suggesting good prognosis
after treatment if patient maintains to improve
his oral hygiene

Figure 7. After front teeth restorations (2 months
after the initial visit) with direct composite.

Figure 8. After cementation of a posterior metal-
acrylic bridge, following several extractions and
direct composite restorations



Figure 9. After numerous direct composite res-
torations of the lower jaw

The treatment plan in this case was tai-
lored around motivating and educating the
patient using various means to ensure the
success of the treatment, due to the poor ini-
tial oral hygiene status. The initial aim of the
treatment was to remove all of the carious le-
sions in a single visit and obturate the defects
with glass ionomer cement. In that way we
could stop the progression of the active cari-
ous lesions and reduce the cariogenic bacte-
rial load in the oral cavity by eliminating the
plaque retentive zones. This was coupled to-
gether with professional and personal oral
hygiene instructions in order to regulate the
oral biofilm from cariogenic to non-cario-
genic state. Glass ionomer cements (GIC)
possess certain unique properties that made
them useful as temporary restorative materi-
als in this case including adhesion to the
tooth structure which potentially reduces the
microleakage, remineralization potential due
to fluoride release, which will improve the
bonding quality of the final restorations, an-
ticariogenic properties again due to fluoride
release, thermal compatibility with the tooth
enamel, and biocompatibility (8, 9).

The final restorations were done after sig-
nificant improvement of the bleeding on

probing and plaque indices upon
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reevaluation to ensure a long term stable re-
sult. In conclusion the enhancement of the
actual awareness of the patient of his oral
health status is of paramount importance for
the success of any complex dental treatment
in high caries risk patients.

References

1. Marcenes W., Kassebaum N. J., Bernabé E., et al.
Global burden of oral conditions in 1990-2010. Jour-
nal of Dental Research. 2013;92(7):592-597.

2. Beyene DH, Shashamo BB, Digesa LE, Tariku
EZ. Oral Hygiene Practices and Associated Factors
among Patients Visiting Private Dental Clinics at Ha-
wassa City, Southern Ethiopia, 2018. Int J Dent. 2021
Mar 26;2021:8868308.

3. Sabharwal A, Stellrecht E, Scannapieco FA. As-
sociations between dental caries and systemic dis-
eases: a scoping review. BMC Oral Health. 2021 Sep
25;21(1):472.

4. Rechmann P, Kinsel R, Featherstone JDB. Inte-
grating Caries Management by Risk Assessment
(CAMBRA) and Prevention Strategies Into the Con-
temporary Dental Practice. Compend Contin Educ
Dent. 2018 Apr;39(4):226-233;

5. Upadhyay S, Rao A, Shenoy R. Comparison of
the amount of fluoride release from nanofilled resin
modified glass ionomer, conventional and resin mod-
ified glass ionomer cements. J Dent (Tehran). 2013
Mar;10(2):134-40.

6. Panigrahi A, Sudeep S, Sharma S, Mohanty S.
Comparative Evaluation of Fluoride Recharge Abil-
ity of Conventional and Hydroxyapatite Modified
Glass Ionomer Cement with Daily Low Fluoride Ex-
posure- An Invitro Study. J Clin Diagn Res. 2016
Feb;10(2):ZC53-5.

7. Almehmadi AH. Evidence-based Decisioning on
the Management of a High Caries Risk Patient-A
Case Report. J Multidiscip Healthc. 2021 Jul
20;14:1893-1900.

8. Khere CH, Hiremath H, Sandesh N, Misar P,
Gorie N. Evaluation of antibacterial activity of three
different glass ionomer cements on streptococcus mu-
tans: an in-vitro antimicrobial study. Med Pharm Rep.
2019 Jul;92(3):288-293.

9. Fucio SB, Carvalho FG, Sobrinho LC, Sinhoreti
MA, Puppin-Rontani RM. The influence of 30-day-
old Streptococcus mutans biofilm on the surface of
esthetic restorative materials--an in vitro study. J
Dent. 2008;36:833-839



Oral Manifestations in a Patient with Bulimia — a Case Report
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Eating disorders (ED) belong to the psychiatric nosology and is characterized with serious mental, behav-
ioral and somatic problems. The most common eating disorders in the Bulgarian population are anorexia
and bulimia. Bulimia is characterized by loss of control over food intake and inappropriate behavior in
order to lose weight. In this paper we report a 45-year-old male with bulimia, accompanied by significant
oral manifestations. Clinical evaluation includes extra and intraoral inspection and assessment of dental
status using BEWE and DMFT index, periodontal status, and paraclinical examination of saliva parameters.
The examination revealed some significant characteristics attributed to ED, namely enlargement of the
parotid glands, advanced erosion, oral mucosal lesions. Dental practitioners are usually one of the first
healthcare professionals to whom a previously undiagnosed ED may present, so adequate knowledge about
oral manifestations of bulimia is necessary. Creating a dental protocol for management of these patients
should be a priority, as well as providing preventive and treatment modalities corresponding with the indi-
vidual needs of the patient.

Keywords: eating disorders, bulimia, oral findings

Introduction

Eating disorders (ED) are psychosomatic
diseases associated with a permanent disor-
der of eating behavior with the aim of weight
loss. They have severe physical and psycho-
social consequences'. American Psychiatric
association divides them into three groups:
(1) Anorexia nervosa, (2) Bulimia nervosa
and (3) Other unclassified ED?. The etiology
of eating disorders is multifactorial and in-
cludes a combination of biological, psycho-
logical, socio-cultural factors®*. Bulimia
nervosa is characterized by recurrent, uncon-
trollable episodes of large amounts of food
intake within a short period of time, fol-
lowed by inappropriate compensatory be-
havior — self-induced vomiting, use of laxa-
tives and diuretics, intense exercises’. The
rate of diffusion of anorexia is keeping fairly
constant — 0.3%, as opposed to bulimia —
1%, that is continuously increasing®. Bu-
limic behavior which includes vomiting
ranges from 4.8% — 12.5%’. Oral manifesta-
tions in eating disorders may vary in sever-
ity, depending on their duration, purging
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frequency, diet and oral hygiene habits®’.
The most common are — dental erosion, car-
ies, xerostomia, parotid gland hypertrophy,
oral lesions of the mucosa and periodontal
diseases®"10.

Case presentation

A 48-year-old man is referred to the De-
partment of Periodontology and Oral Mu-
cosa Diseases, with complaints of hypersen-
sitivity of the teeth from thermal and chemi-
cal irritants, and acute pain in tooth 37. From
the anamnesis, no history of alcohol and cig-
arettes use was found. The BMI index was
37.9 corresponding to class 2 obesity. At the
next examination after 2 months, the BMI
index changed to 33.1 —class 1 obesity. Dur-
ing the first visits he concealed the presence
of harmful habits and behaviors. After more
extensive questioning during the following
visits, he shared about weight loss attempt
and diets. The extraoral examination re-
vealed bilaterally enlarged parotid glands, as
well as Russell's sign on the dorsal surface
of the fingers of the left hand.



During the intraoral examination, was
registered perimolysis of the hard dental tis-
sues, which we evaluated by the BEWE in-
dex — 12, and also decrease in the vertical
bite dimension. The erosions are localized
on the palatal surfaces on the upper front
teeth and the occlusal surfaces of the lower
molars. The DMFT index was also calcu-
lated — 13. During the periodontal examina-
tion by registering FMBS — 34%, FMPS —
28%, CI— 2.8, and CAL we made a diagno-
sis — generalized plaque-induced gingivitis.
When we examined the oral mucosa we
found morsicatio buccarum, as well as a
hemorrhagic lesion on the palatal mucosa.
Quantitative and qualitative measurements
of saliva were done including pH and buffer
capacity of unstimulated and stimulated sa-
liva. The results showed small amount of un-
stimulated Saliva — 2.5 ml with increased
viscosity, moderate acidity — 6 and low
buffer capacity — 6. After gland stimulation
the amount of saliva was normalized —
6.5 ml, as well as the pH — 7.4 and the buffer
capacity — 10. The first step in the treatment
plan was to establish good communication
with the patient, building trust and gathering
detailed information about the ED. To affect
the hypersensitivity, we covered the affected
teeth with composite restorations. The tooth
37 was devitalized as a result of acute pulpi-
tis —a complication of the advanced erosion.
We have prepared a preventive plan of treat-
ment in order to protect the rest of the dental
tissues, emphasizing on instructions to the
patient not to brush his teeth immediately af-
ter the vomiting episode, but to rinse with
fluoride or alkaline solution. We recom-
mended the use of protective splints as well
as topical fluoride. Correction of the diet
with restriction of carbohydrates and acidic
foods, as well as guidelines for maintaining
adequate oral hygiene were provided.
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Russell's sign on the dorsal surface of the fingers
of the left hand

Discussion and conclusion

Patients with bulimia, unlike those with
anorexia, have fluctuations in weight for
short periods of time*. Typical for them is
the Russell's sign — lesions or calluses on the
dorsal surface of the fingers, as a result of the
multiple traumas caused by the incisal edges
when induce vomiting®!!. Hypertrophy of
the parotid glands in patients with bulimia
has frequency at 10-50% and the facial ap-
pearance is considered tipical®. The very
characteristic for the chronic vomiting is the
erosion of the hard dental tissues due to
acidic substances in the gastric juice, with
typical localization on the palatal surfaces of



upper frontal teeth. Xerostomia and reduced
buffering capacity, acidic pH and increased
carbohydrate intake reduce the protection of
hard dental tissues against erosion and cre-
ates conditions for increased caries risk”!%12,
Hemorrhagic lesions on the palatal mucosa
are usually result of the mechanical trauma
from the fingers and the chemical irritation
from the gastric juice®'>. Oral manifesta-
tions of ED can be detected at different
stages of their course. The early ones, mani-
fested at the beginning of the ED can be rec-
ognized by the dentist®!?. The literature re-
vealed that the knowledge of the symptoms
of eating disorders are insufficient among
dentists and the need to include more infor-
mation about ED in the dental curriculum is
conditional'®!*, There is a need for develop-
ment of algorithm for a complex dental man-
agement of these patients, as well as a pro-
gram for their training'*!>. The dentist
should take part in the multidisciplinary
treatment team together with various other
specialists*®.

The study was financed by IP Ne P-2833/
PPDP 2022.
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Prevalence of Black Stain and Associated Risk Factors in
Children
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Black stain is a common discoloration in children. It is characterized by distinctive dark dots to continuous
lines, which are localized at the tooth surface parallel to the gingiva, firmly attached to the tooth. The
prevalence is reported to be 2.4-21% with equal sex distribution in literature and it depends on the study
design, patients’ age as well as country of origin. The main therapeutic approach is frequent professional
oral hygiene upon the reappearance of the black stain, which can cause damage to the enamel and can lead
to dental hypersensitivity. However, to treat the black stain properly, it is important to explore the etiolog-
ical factors. The aim of this review article is to analyze the scientific literature regarding black stain preva-
lence. A search was performed to summarize the evidence behind the numerous risk factors including some
bacterial species, factors related to oral hygiene, diet, type of tap water, intake of iron supplements and
properties and composition of the saliva. The findings of the literature review give grounds to undertake
studies investigating the actiology of the black stain. Future explorations will be interesting as Its negative
effect on dental aesthetic perception causes concerns in parents and can have significant effects on the

personality and self-confidence of the child.

Keywords: black stain, prevalence, risk factors, children

Introduction

In pediatric clinical practice, the topic
about the presence of Black stain on teeth in
children and teenagers has been widely dis-
cussed. Most of the studies concerning this
issue were conducted in the pediatric popu-
lation. Its negative effect on dental aesthetic
perception causes concerns in parents and
can have significant effects on the personal-
ity and self-confidence of the child.

Definition and origin

Black stain (BS) is characterized by dis-
tinctive dark dots to continuous lines, which
are localized at the tooth surface parallel to
the gingiva, firmly attached to the tooth /1/.
Oral hygiene at home is not sufficient for re-
moving this black stain and the main thera-
peutic approach is frequent professional oral
hygiene to solve this aesthetic problem. Alt-
hough a simple scaling and using a brush
with pumice can remove the stain, frequently
Black stain can reappear /2/. Repeated “rou-
tine scaling and polishing” can cause unde-
sirable alterations of enamel and can lead to
dental hypersensitivity.

There have been discussions about the
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origin of BS and its caries protective proper-
ties for a long time. In 1890, Miller noted the
presence of BS in members of the same fam-
ily and suggested a hereditary constitutional
factor. At the beginning of the 20" century,
Pickerill described these stains as a thin dark
brown line around the cervical area of the
teeth, appearing in the form of a deposited
film of calculus. He concluded that the oc-
currence of BS can correlate to the immunity
to caries lesions /3/.

The aim of this review article is to ana-
lyze the scientific literature regarding BS
prevalence. A search was performed to sum-
marize the evidence behind the numerous
risk factors including some bacterial species,
factors related to oral hygiene, diet, type of
tap water, intake of iron supplements and
properties and composition of the saliva.

Prevalence of black stain in children

In scientific literature, the prevalence of
BS depends on the study design, the sub-
ject’s age and gender, dentition, and country
of origin.

The prevalence of BS is reported to be 2—
22% with equal sex distribution in literature.



Zhang et al. confirmed the affection of both
primary as well as permanent dentition and
equal prevalence in both genders /4/.

Zyta et al. found that the number of stained
teeth increases with age (p < 0.007) /3/. The
majority of the studies are about BS among
children and there is no data about the prev-
alence of this issue in adults /3/. In addition,
the most investigated age groups in studies
reporting the prevalence of Black tooth stain
are children aged 612 years old or adoles-
cents.

Thus, the epidemiological data about the
deposition of BS on primary dentition is lim-
ited. In one report, more stained teeth were
observed in permanent dentition compared
to primary dentition /5/. Other authors re-
ported affection for primary teeth several
times more than permanent ones /3,5/.

Concerning the region, the prevalence in
Europe ranges from 1.6% (UK), 4.45% (Po-
land), 6.3% (Italy), to 7.54% (Valencia,
Spain). In South America, it ranges from
6.5% (Peru) to 14.8% (Brazil). On the Asian
continent, it varies from 16% (Philippines)
to 18% (India). There is no research about
this issue in Bulgaria yet. These different
values in the studies can be explained by the
differences in dietary habits, oral hygiene
and the related oral microbiome /4/.

Table 1. Risk factors in children associated with BS

Etiology of Black stain and associated

risk factors in children

The main therapeutic approach is fre-
quent professional dental cleaning when the
BS reappears, which can cause damage to
the enamel thus leading to hypersensitivity.
However, to treat the black stain correctly, it
is important to determine the etiological fac-
tors. The etiology of BS has been debated
throughout the 20" century. So many studies
identified significant risk factors.

The numerous risk factors include factors
related to oral hygiene, diet, type of tap wa-
ter, intake of iron supplements and proper-
ties and composition of the saliva, some bac-
terial species, and others /Table 1/.

Oral hygiene

The first group can be related to oral hy-
giene — toothbrushing with fluoride tooth-
paste and rinsing with fluoride mouthwashes
may influence the appearance of BS in chil-
dren. While low levels of fluoride help
strengthen and protect tooth enamel, too
much fluoride swallowed during the early
childhood years may cause brown or black
spots or streaks on the gingival margin in the
cervical half of the crown. This discolora-
tion is usually combined with a different
level of mineralization.

Classification of risk factors in children associated with BS

1% group: Oral hygiene

2™ oroup: Dietary factors

3" group: Saliva factors

e Brushing teeth with fluoride e Snacking between meals e pH
toothpaste e Frequent consumption of e Buffer capacity
e Rinsing with mouthwashes foods rich in iron (vegetables) | e Salivary flow
containing fluoride e Intake of iron supplements e Composition of the saliva

e Type of drinking water
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Diet

One of the groups that can influence the
appearance of BS includes dietary factors
such as snacking between meals or the fre-
quency of consumption of foods rich in iron
(vegetables). Type of drinking water, intake
of iron supplements. Even regular consump-
tion of foods rich in iron during pregnancy
could favor the development of chromogenic
bacteria. One study conducted in Nepal
found a positive correlation between iron
levels in water and stain distribution (Push-
panjali et al. 2004). Another study in Spain
found a statistically significant correlation
between BS and the frequent consumption of
foods rich in iron (Garcia Martin et al. 2013).
A small survey made in a private practice
suggests that the diet of patients with BS is
rich in cheese, which contains lactoferrin, a
protein known for its high affinity for iron
(Mesonjesi 2012). As one of the most im-
portant metal elements in the human body, it
is likely to find iron in both BS and dental
plaque /6/.

Saliva

Another group is in favor of the properties
and components of the saliva and such as
buffer capacity, pH and many others. Saliva
has an important role in oral health and pro-
tection against caries lesions. Salivary pa-
rameters such as pH, buffering capacity, and
calcium and phosphate ion concentrations
are important caries protective factors /7-8/.
There are studies that investigate the saliva
composition in subjects with BS. Surdacka
obtained stimulated saliva using paraffin
wax. Significantly higher levels of calcium,
inorganic phosphates, copper, sodium, and
total protein were found in patients with BS
compared to controls. Glucose levels were
significantly lower in the Black stain group.
No differences were found in iron, zinc, and
magnesium concentrations. The authors also

184

showed that pH was higher in children with
stains. The salivary flow rate did not differ
between groups /7-8/. In comparison with
the study above Aysun et al. also explored
salivary parameters in children with BS.
However, the results were different. Calcium
levels and saliva buffering capacity were
significantly higher in BS group. There were
no significant differences in phosphorus lev-
els and salivary pH. The salivary flow rate
was lower in children with BS compared to
children without Black stain /8/.

Bacterial species

Other group risk factors reported some
bacterial species that could play a role in the
formation of BS. Chromogenic bacteria
were proposed as an etiological factor in the
production of black pigment. Periodontal
pathogens such as Porphyromonas gingi-
valis, Prevotella intermedia and Prevotella
nigrescens are reported to produce black pig-
ment in the oral cavity /9/. Some studies sug-
gest that Prevotella melaninogenica is
closely related to BS /10/. The traditional
method of exploring oral microorganisms
was bacterial culture but its disadvantage is
that almost 50% of oral bacteria are noncul-
turable. In addition, this conventional
method is time-consuming. In comparison,
molecular techniques have the advantage of
detecting nonculturable and difficult to cul-
tivate bacteria. Only expected bacterial spe-
cies can be detected using polymerase chain
reaction (PCR). In one study, they used next-
generation sequencing of the bacterial 16S
rRNA gene to detect oral microorganisms in
children with or without BS /1/.

Saba et al. detected the presence of four
distinct subspecies in dental plaque samples
of 100 BS-affected children between 6 and
12 years old and 100 stain-free control sub-
jects by PCR and electrophoresis. The prev-
alence of Actinomyces and Aggregatibacter



actinomycetemcomitans is higher in the
group with BS compared to the plaque of the
control group. Porphyromonas gingivalis
and Prevotella melaninogenica were absent
in both groups (with BS and control
group) /11/.

In addition, real-time PCR was used to re-
veal the microbial compositions of samples
of BS from 46 children aged from 3 to 10
years and non-discolored dental plaque from
47 counterparts without BS. BS group con-
tained higher numbers of Actinomyces naes-
lundii and lower numbers of Fusobacterium
nucleatum and Lactobacillus spp. No signif-
icant differences were observed for Aggre-
gatibacter  actinomycetemcomitans  and
Prevotella intermedia. The above studies in-
dicate a unique microbiota in patients who
have Black stain. On the other hand, only, a
few selected species were evaluated which
leads to the conclusion that the relationship
between microorganisms and BS remains
uncertain /9/.

The microflora of this deposit is domi-
nated by Actinomyces having lower cario-
genic potential and a lower number of Lac-
tobacillus spp than non-discolored dental
plaque (Heinrich-Weltzien et al. 2009; Hein-
rich-Weltzien et al. 2014; Chen et al. 2013).

Role of iron

A study published by Zhang shows a
higher level of iron in BS when compared to
the standard plaque by using the method of
coupled plasma mass spectrometry. Analy-
sis of the black material taken from the teeth
indicates that it contains insoluble ferric salt,
which is likely to be ferric sulfide and a high
content of calcium and phosphate /1/. These
studies suggested that the ferric sulfide
might be formed by the reaction between hy-
drogen sulfide produced by bacterial metab-
olism and iron in the saliva or gingival exu-
dates. In one study, a group of 6-year-old
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Spanish children with BS were found to have
consumed a significantly higher proportion
of iron supplements than children without
black stain; an increased rate of iron supple-
mentation was also found among the moth-
ers of these children during pregnancy /1/.
This study also reported higher consumption
of specific foods rich in iron, such as vege-
tables, dairy products and eggs, in children
with BS. Furthermore, another study re-
vealed a positive correlation between BS and
the concentration of iron
sources /12/. These studies suggested that
the formation of Black stain may be associ-
ated with ferric sulfide.

In  water

Conclusion

This issue can cause significant concerns
for parents and can lead to social and psy-
chological issues in children

The etiology of BS as a form of extrinsic
stain is not completely understood. How-
ever, it is essential to understand the nature
of BS and know how to realize the correct
treatment. The findings of the literature re-
view give grounds to undertake studies in-
vestigating the etiology of the BS. Future ex-
plorations will be interesting as its negative
effect on dental aesthetic perception causes
concerns in parents and can have significant
effects on the personality and self-confi-
dence of the child. Professional oral hygiene
1s necessary, but the formation of BS is re-
petitive. However, frequent professional hy-
giene can cause damage to the dental
enamel. Nowadays, new technologies as
well as innovative scientific findings suggest
noninvasive treatment methods.

Reference

1. LiY, Zhang Q, Zhang F, Liu R, Liu H, Chen F.
Analysis of the Microbiota of Black Stain in the Pri-
mary Dentition. Al-Ahmad A, editor. PLOS ONE [In-
ternet]. 2015 Sep 4;10(9):e0137030. Available from:
www.ncbi.nlm.nih.gov/pmc/articles/PMC4560370/

2. Garcia Martin JM, Gonzalez Garcia M, Seoane



Leston J, Llorente Pendas S, Diaz Martin JJ, Garcia-
Pola MJ. Prevalence of black stain and associated risk
factors in preschool Spanish children. Pediatrics In-
ternational. 2013 Jun;55(3):355-9.

3. Zyta T, Kawala B, Antoszewska-Smith J, Kawala
M. Black Stain and Dental Caries: A Review of the
Literature. = BioMed  Research  International.
2015;2015:1-6.

4. ZhangY, YuR, ZhanJY, Cao GZ, Feng XP, Chen
X. Epidemiological and Microbiome Characteriza-
tion of Black Tooth Stain in Preschool Children.
Frontiers in Pediatrics [Internet]. 2022 Jan 26;10.
Available from:
www.ncbi.nlm.nih.gov/pmc/articles/PMC8826690/
5. Surdacka A. [Black stain and caries in children
and adolescents in schools]. Czasopismo Stomatolog-
iczne [Internet]. 1987 [cited 2023 Apr 29];40(11-
12):763-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/3507302/

6. Zhang F, Li Y, Xun Z, Zhang Q, Liu H, Chen F.
A preliminary study on the relationship between iron
and black extrinsic tooth stain in children. Letters in
Applied Microbiology [Internet]. 2017 Jun 1;64(6):
424-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/28266718/

7. Surdacka A. [Amount and pH of the saliva in chil-
dren and adolescents with black tartar]. Czasopismo
Stomatologiczne [Internet]. 1989 Jun 1 [cited 2023
Apr29];42(6):381-6. Available from:
https://pubmed.ncbi.nlm.nih.gov/2488211/

8. Surdacka A. [Chemical composition of the saliva
in children and adolescents with black tartar].

186

Czasopismo Stomatologiczne [Internet]. 1989 [cited
2023 Apr 29];42(10-12):525-33. Available from:
https://pubmed.ncbi.nlm.nih.gov/2487836/#:~:text=
In%20the%?20saliva%200f%20children

9. Soukos NS, Som S, Abernethy AD, Ruggiero K,
Dunham J, Lee C, et al. Phototargeting Oral Black-
Pigmented Bacteria. Antimicrobial Agents and
Chemotherapy. 2005 Apr;49(4):1391-6.

10. Slots J. The microflora of black stain on human
primary teeth. Scandinavian Journal of Dental Re-
search [Internet]. 1974;82(7):484-90. Available
from: https://pubmed.ncbi.nlm.nih.gov/4612701/
11.Hwang JY, Lee HS, Choi J, Nam OH, Kim MS,
Choi SC. The Oral Microbiome in Children with
Black Stained Tooth. Applied Sciences. 2020 Nov
13;10(22):8054.

12. Pushpanjali K, Khanal SS, Niraula SR. The rela-
tionship of dental extrinsic stains with the concentra-
tion of trace elements in water sources in a district of
Nepal. Oral Health & Preventive Dentistry [Internet].
2004 [cited 2023 Apr 29];2(1):33-7. Available from:
https://pubmed.ncbi.nlm.nih.gov/15641763/

Corresponding author

Kristina Tabutova, Assistant Professor
Department of Pediatric Dentistry

Faculty of Dental Medicine

Medical University — Plovdiv

3 Hristo Botev Bvd, 4000 Plovdiv, Bulgaria
Mobile: + 359 896 700 635

email: ktabutova@abv.bg




VI. Surgical Session

Effect of Operative Approaches on Functional Outcomes in

Distal Humerus Fractures

Stanislav Karamitev, Viadimir Stavrev
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Purpose: To present the approaches we used in the surgical treatment of intra-articular fractures of the
distal humerus, as well as to analyze the functional results after their application. Material and methods:
For a period of 12 years (2010-2022), 98 patients with bicondylar interarticular fracture of the distal hu-
merus were surgically treated. In 78 of them, the classic dorsal trans-olecranon approach was used, and in
the remaining 20 patients, we used an approach with osteoplastic splitting of the triceps brachii muscle.
Results: All fractures and osteotomies ended with consolidation. In 7 of the cases of “V”’-shaped osteoto-
mies of the olecranon and Weber fixation, we observed migration of the K-needles and maceration of the
skin, which necessitated their removal. In 10 of the operated patients, hypoesthesia was established in the
autonomous zone of the ulnar nerve, which disappeared within two months. In one patient, we observed a
serious complication with osteosynthesis debricolage, which necessitated a new intervention, by means of
autoosteoplasty and plate fixation. Conclusions: The triceps brachial division approach is an alternative to
the classic trans-olecranon approach in simple intra-articular and all extra-articular fractures of the distal
humerus. Its main advantage is the absence of prominent implants, which often requires a new intervention
to remove them. In contrast, the trans-olecranon approach provides good visualization and enables precise

repositioning of the intra-articular and metaphyseal component in this type of fracture.
Keywords: distal humerus, olecranon osteotomy, triceps brachii muscle

Introduction

Displaced fractures at the lower end of the
humerus require open reduction and stable
internal fixation. A number of surgical ap-
proaches to the distal humerus have been de-
scribed in the literature. (1, 2) The trans-
olecranon approach, i.e. through osteotomy
of the olecranon, provides a good view of the
articular surface and metaphysis of the hu-
merus, allows anatomical reposition of the
fracture, but at the same time is associated
with complications such as non-union, de-
layed union, migration of the osteosynthesis
and neurological device. (3, 4) These access
deficiencies lead to outflow from it and are
created in which the extensor mechanism is
prepared from the proximal ulna and distal
humerus, i.e. by splitting the triceps brachii
muscle. (5, 6) This approach avoids these in-
conveniences, but at the expense of poor ar-
ticular visualization, due to the fact that the
olecranon remains preserved and does not
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allow the visualization of the trochlea hu-
meri.

Purpose

To present the approaches we used in the
surgical treatment of intra-articular fractures
of the distal humerus, as well as to analyze
the functional results after their application.

Material and methods

For a period of 12 years (2010-2022) in
the Orthopedics and Traumatology Clinic of
UMBAL “St. Georgi” — Plovdiv, 98 patients
with bicondylar interarticular fracture of the
distal humerus were surgically treated. In 78
of them, the classic dorsal trans-olecranon
approach (Shavron osteotomy) was used,
and in the remaining 20 patients, we used an
approach with osteoplastic splitting of the
triceps brachii muscle (split approach). The
follow-up period is one year. The AO classi-
fication was used to determine the type of



fracture in the region of the distal humerus.
All fractures were reported as C type. Chev-
ron osteotomy was applied to C1 type — 10
patients; C2 type — 26 patients; C3 type — 42
patients. With the split approach, the follow-
ing distribution of fractures was observed:
C1 type — 12 patients, C2 type — 6 patients
and C3 type — 2 patients. We did not treat
open fractures.

In patients from the first group, access to
the articular surface of the distal humerus is
dorsal through a Chevron (V-shaped) osteot-
omy of the olecranon. The patient is in a lat-
eral position with the arm flexed at the elbow
joint. We open the joint to determine the cen-
tral part of the trochlear arch. We center the
osteotomy there. The osteotomy itself is V-
shaped with the tip pointing distally. Then,
with a chisel, we perform the osteotomy
reaching the subchondral bone and finish by
levering movement in a proximal direction
until the fracture of the olecranon through
the subchondral bone. The uneven bony ends
formed in the subchondral bone facilitate re-
positioning and fixation of the osteotomy.
The osteotomized olecranon is resected
proximally to free the triceps medially and
laterally from the intermuscular septum until
the metaphyseal part of the fracture is ex-
posed. After repositioning and imposed os-
teosynthesis of the fracture, we place and fix
the performed osteotomy by means of ten-
sion osteosynthesis according to the Weber
method.

In the second group of patients, we ap-
plied a posterior approach with splitting of
the triceps brachii m. proposed by Campbell.
The muscle layers bluntly from the tip of the
olecranon in a proximal direction. Distal di-
vision of the muscle is carried out osteoplas-
tically, taking care not to disturb the integrity
of the periosteal insertion. Medial disinser-
tion is performed after identification of the
After repositioning and

ulnar nerve.
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subsequent fixation of the fracture, we re-
store the integrity of the extensor apparatus
by means of sufficiently thick and strong
non-absorbable sutures through bone tun-
nels.

In both accesses, we impose aspiration
drainage for one day, with the hand placed in
the cuff until the sutures are removed on the
14" postoperative day. We allow movement
already on the next postoperative day, as
loading of the limb occurs after X-ray data
on consolidation of the fracture.

Results

The patients were followed for a period of
one year. All fractures and osteotomies
ended with consolidation. (fig. 1-6)

Figure 1, 2. 399 C-type Fx AP/lateral view

Figure 3, 4. CT 3D reconstruction



Figure 5. 2 month post surgery

Figure 7. 689 C-type Fx

Figure 6. 8 month later

In 7 of the cases of “V”’-shaped osteoto-
mies of the olecranon and Weber fixation,
we observed migration of the K-needles and
skin maceration, which necessitated their re-
moval. In 10 of the operated patients, hypo-
esthesia was found in the autonomous zone
of the ulnar nerve, which disappeared in two
months, after drug therapy. In one patient,
we observed a serious complication with os-
teosynthesis debricolage, which necessitated
a new intervention, by means of autoosteo-
plasty and plate fixation. (fig. 7-10)

The functional evaluation of the results
was performed based on the abbreviated ver-
sion of the DASH score (the so-called quick
DASH). There was no difference in the func-
tional results of the two approaches, in terms
of flexion contracture and range of motion.
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Figure 8. ORIF with plates

Figure 9. 50 day post surgery (debricolage)

Figure 10. Reoperation (ORIF+autoosteoplasty)



Discussion

The ideal operative access should provide
sufficient exposure for anatomic reposition-
ing and fixation, with minimal soft tissue or
bony damage. The choice depends on the
type of fracture, joint involvement, accom-
panying soft tissue lesions, rehabilitation
protocol, and surgeon preference. Compared
with all posterior approaches, the olecranon
osteotomy offers the best visualization of the
distal humerus. (4) According to Wilkinson,
57% of the articular face is reached in this
way, while only 35% of it is accessible when
dividing the m. triceps brachii. Specific
complications are also observed — irritation
of the K-wire and the need for their removal
in 27% to 80% of cases. (7) There is also a
chance of nonunion of the osteotomy, which
in Stanley's study was as high as 15%. Prox-
imal continuation of the opening is difficult,
as well as possible arthroplasty.

Posterior access with division of the tri-
ceps brachii m. allows this more easily, but
at the expense of reduced visualization of the
articular facet and postoperative extension
weakness.

The similar functional results with the
two approaches show us that the outcome of
severe trauma depends rather on the severity
of the fracture and the quality of the achieved
reposition and stabilization.

Conclusion

The results of our study show that the tri-
ceps brachii split approach is a valid alterna-
tive to the classic olecranon osteotomy for
simple intra-articular and all extra-articular
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fractures of the distal humerus. Its main ad-
vantage is the absence of prominent im-
plants, which often necessitates surgical in-
tervention. The transolecranon approach
provides good exposure and allows for pre-
cise repositioning of the intra-articular and
metaphyseal component in distal humerus
fractures.
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Tumor of the Heart — a Clinical Case
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A 58-year old man came in for a check-up which included echocardiography, magnetic resonance. Both
showed a formation in the posterior mitral valve cusp /fibroelastom with mediastinal lymphoadenomegalia/
in absence in the mitral valve disfunction. Pre-operation coronary angiography showed absence of the sig-
nificant coronary stenosis. The whole operation included resection of the posterior mitral valve cusp, septal
myectomia and a mitral valve prothesis Sorin Carbomedics number 33. The result from the histology exam
which is confirmed by two unrelated pathoanatoms — hyalinized fibres tissue with excessive degenerative
calcinosis without papillar structures. After a 3-month clean period the patient was admitted to the hospital
with acute left ventricle insufficiency. The result from the transoesophagoes echocardiography was severe
paraprothesis mitral insufficiency. He underwent a mitral reprothesis with Sorin Carbomedics Standart
number 33. After that he was admitted for the third time with temperature 38.2 and acute left ventricle
insufficiency. He underwent a third operation- suture of the mechanic valve prothesis and occlusion of the
auricular of the left atrium. After another clean period that continued 1 month he was admitted to the cardio-
surgery department with hepato-renal syndrome, polyorgan insufficiency and it ended with exitus letalis.
In conclusion, the possible causes behind the prothesis dehiscence are: 1. Weak connective tissue. Located
area of paraprothesis infective endocarditis. 3. Excesive local enlargement of the neoplastic tissue in the

prothesis suture area.

Keywords: tumor, mitral valve, prothesis, cardio-surgery

Introduction

Papillary fibroelastoma is a rare benign
tumor that most commonly affects the heart
valves. Most papillary fibroelastomas are
asymptomatic; they are rarely diagnosed be-
cause of cardiac symptoms or after an em-
bolic event. In this case, the 58-year-old man
was asymptomatic. The evaluation for a po-
tential source of embolism revealed a tumor
formation on the posterior mitral valve
sheath. MRI tissue characterization findings
of the mass supported the diagnosis of mitral
valve fibroelastoma.

Clinical case

A 58-year-old man with a formation cap-
tured by the posterior mitral leaflet of the mi-
tral valve, diagnosed during a preventive ex-
amination by echocardiography, confirmed
by MRI, /observed fibroelastoma with medi-
astinal lymphadenomegaly/, in the absence
of mitral valve dysfunction. (Figure 1, 2, 3)

Conducted pre-operative selective coro-
nary angiography with data on insignificant
stenoses on the coronary arteries, not
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requiring treatment at the moment. Opera-
tive intervention performed on 26.05.2022 in
volume — resection of posterior mitral sheet,
septal myectomy and mitral valve prosthesis
with mechanical valve Sorin Carbomedics
No. 33. Subsequent light period of 3 months
until 12/09/22. presenting with complaints
of easy fatigue, progressive shortness of
breath with minimal physical exertion from
the performed transthoracic and transesoph-
ageal echocardiography with evidence of se-
vere paraprosthesis mitral regurgitation,
taken blood cultures, urine culture, nasal and
throat secretions — sterile results, with ele-
vated inflammatory markers. On 13.09.22
performed reoperative intervention — mitral
valve re-prosthesis with S. Carbomedics
Standard Ne33 prosthesis. On 07/11/22 he
comes in with complaints of easy fatigue, se-
vere shortness of breath and chest discom-
fort, fever up to 38.2 degrees Celsius. On
11/24/22. operative re-intervention was per-
formed in volume suture of a mechanical
valve prosthesis and occlusion of the ear of
the left atrium. An antibiotic course of



treatment was carried out according to the
protocol for prosthetic infective endocarditis
and, during the stay, on the occasion of an-
other paraprosthetic mitral regurgitation, a
re-operative intervention was performed on
02/12/22. in volume mitral valve re-prosthe-
sis with S. Carbomedics Standard #33 pros-
thesis and suture of secondary interatrial de-
fect. Subsequent bright period of 1 month

without complaints until 04/01/23. present-
ing once again with persistent complaints of
easy fatigue, shortness of breath and chest
discomfort with minimal physical exertion.
Without febrile-intoxication manifestations,
in the course of hospitalization with the de-
velopment of hepato-renal syndrome, multi-
ple organ failure and on 08/01/23 ended with
exitus lethalis.

UMBAL SAINT GEORGE PLOVDIV
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Figure 2. 3-D echocardiography of the mitral valve
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Figure 3. Magnetic resonance imaging of the heart showing the posterior mitral leaflet formation

Discussion

Possible causes of prosthetic dehiscences.
1. Connective tissue weakness 2. Localized
focus of paraprosthetic infective endocardi-
tis 3. Excessive growth of neoplastic tissue
in the area of the prosthetic suture.

Conclusion
Histiocytosis, also called Langerhans cell
histiocytosis or histiocytosis X, is a group of
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rare diseases involving specific cells that
normally have an important role as part of
the immune system. Although the cause of
Langerhans cell histiocytosis is unknown,
the condition can often have a neoplastic
course. Histiocytosis is the name given to a
group of syndromes characterized by an ab-
normal increase in the number of certain im-
mune cells called histiocytes. These include
monocytes, macrophages and dendritic cells.
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Introduction: Each year, more than half a million women are diagnosed with cervical cancer and the dis-
ease results in over 300 000 deaths worldwide. High-risk subtypes of the human papilloma virus (HPV) are
the cause of the disease in most cases. The disease is largely preventable. Cervical cancer incidence and
mortality have more than halved over the past 30 years since the introduction of formal screening pro-
grammes. Treatment depends on disease extent at diagnosis and locally available resources. Aim: Manage-
ment of cervical intraepithelial neoplasia (CIN) needs to protect women at risk from developing cervical
cancer and to avoid over-treatment as well as obstetrical complications in women undergoing invasive
treatment. Resources and methods: A literature search of PubMed data base was conducted. Used key-
words were: management options for cervical intraepithelial neoplasia; cervical cancer; surgical treatment.
Results and discussion: Excisional treatments are referred to as cone biopsies or cervical conization and
include cold knife conization, loop electrosurgical excision procedure (LEEP; also called large loop exci-
sion of the transformation zone [LLETZ]), and laser conization. Ablative treatments include cryotherapy,
CO: laser ablation, and thermal ablation (eg, diathermy, cold coagulation). Conclusion: Chronic persistent
infection of the cervix with oncogenic types of HPV leads, as well as other risk factors such as smoking, to
induce precancerous lesions of the cervix. Under the influence of risk factors, cervical intraepithelial neo-
plasia progresses to invasive cervical carcinoma. The literature review summarizes minimally invasive sur-
gical methods for the treatment of low- and high-grade dysplasia of the cervix. Early diagnosis by col-
poscopy with targeted biopsy and subsequent ablative or excisional treatment would reduce the incidence
of invasive cervical cancer.

Key words: intraepithelial neoplasia, excisional and ablative treatments

Introduction same time, in Bulgaria every day one woman
According to GLOBOCAN 2020 data, dies from cervical cancer (HPV), and 44
cervical cancer has been diagnosed in women are diagnosed with HPV [2]. The
600,000 worldwide and more than 340,000 study by Nagao Y. et al. confirms that diag-
women have lost their lives as a result of dis- nostic conization is used for early detection
ease progression [1]. In Europe, cervical of cervical cancer [4].
cancer is the second most common cancer
among women aged 15 to 44. In Bulgaria, Aim
the newly diagnosed cases for 2018 are 850, Management of cervical intraepithelial
mainly women in the third and fourth stage. neoplasia (CIN) needs to protect women at
Our country ranks third in Europe in terms risk from developing cervical cancer and to
of morbidity and fourth in terms of mortality avoid over-treatment as well as obstetrical
from cervical cancer, which is caused by the complications in women undergoing inva-
human papillomavirus (HPV) [2]. There is sive treatment.
an effective primary prevention — a vaccine
against HPV, but the vaccine coverage in Resources and methods
Bulgaria is only 3%, although the vaccine is A literature search of PubMed data base
free for girls aged 10-13 [2]. was conducted. Used keywords were: man-
At the same time, the WHO has launched agement options for cervical intraepithelial
an initiative for 90% of girls worldwide to neoplasia; cervical cancer; surgical treat-

receive the HPV vaccine by 2030[3]. At the ment.
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Results and discussion

Chronic persistent infection of the cervix
with high-risk oncogenic HPV types leads to
cervical intraepithelial lesions (CIN I, CIN II
and CIN III) — low-grade (LSIL) and high-
grade (HSIL) [5]. The progression of the on-
cological disease is for a period of 4-5 years,
necessary for progression to a high-grade le-
sion and more than ten years for malignant
transformation to invasive carcinoma [6].
Cervical conization is required in women
with colposcopically proven HSIL or in
cases where CIN2 persists for two years or
progresses to CIN3, according to the 2019
American Society for Colposcopy and Cer-
vical Pathology (ASCCP) recommenda-
tions [7].

Excisional treatments are referred to as
cone biopsies or cervical conization and in-
clude cold knife conization, loop electrosur-
gical excision procedure (LEEP; also called
large loop excision of the transformation
zone [LLETZ]), and laser conization. Abla-
tive treatments include cryotherapy, CO; la-
ser ablation, and thermal ablation eg, dia-
thermy, cold coagulation [8, 9, 10, 11, 12].

Cold knife conization (CKC) is a tradi-
tional procedure for CIN. A cone-shaped
piece of abnormal tissue is removed from the
cervix using a scalpel [8]. It is typically per-
formed under general or local anesthesia in
the hospital. Accurate evaluation of the sur-
gical margins is the major advantage of this
procedure. According to the volume and
height of the cone, CKC increases the risk of
premature birth [8, 9].

Widely performed to treat high-grade
CIN in recent years is LEEP — Loop Electro-
surgical Excision Procedure. According to
Abdulaziz AMA. et al. article, LEEP is asso-
ciated with a higher positive margin than
some other treatment procedures [10].

A positive margin is associated with an
increased risk of recurrent and residual
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disease. The author also points out some of
the leading advantages of this method as
short operating time with fewer complica-
tions, the possibility of performing it in an
outpatient practice under local anesthe-
sia [10].

Rezniczek GA, Large loop excision of the
transformation zone (LLETZ) is the standard
of care for CIN II. In a meta-analysis of 26
randomized trials, the incidence of persistent
or recurrent CIN after LLETZ was compara-
ble to that after cold knife conization.
A leading advantage is that LLETZ is faster
and causes less intraoperative bleeding. The
shorter hospital stay and the option for out-
patient treatment are advantages of the
method. The authors' study shows that
LLETZ cones have an overall smaller volume
and weight and result in less cervical stenosis
and fewer unsatisfactory studies [11].

Laser conization (LC) can be performed
under general or local analgesia. Through a
highly focused laser spot, an ectocervical pe-
ripheral incision is made at a depth of 1 cm.

A major disadvantage of laser conization
is the limited ability to assess margins due to
the thermal damage that is created. Various
non-randomized studies indicate a success
rate of this type of conization over ninety
percent — 93% to 96%. The main advantages
of laser conization are precise adjustment of
cone size, low blood loss in most cases, and
less trauma to the cervix compared to cold
knife conization [12].

Cryotherapy refers to ablative methods.
This is an ablation method that is most often
used for the treatment of ectocervical
premalignant cervical lesions. The leading
advantage of the method is the high percent-
age of effectiveness, i.e. no disease after its
application. Studies indicate good results in
92% for CIN II and 85% for CIN III. An-
other major advantage over other methods is
the “single visit approach”. Disadvantages



of cryotherapy are related to the availability
and transport of large gas tanks, as well as
the high cost of the necessary equip-
ment [13].

Conclusion

Chronic persistent infection of the cervix
with oncogenic types of HPV leads, as well
as other risk factors such as smoking, to in-
duce precancerous lesions of the cervix.

Under the influence of risk factors, cervi-
cal intraepithelial neoplasia progresses to in-
vasive cervical carcinoma.

The literature review summarizes mini-
mally invasive surgical methods for the
treatment of low- and high-grade dysplasia
of the cervix. Early diagnosis by colposcopy
with targeted biopsy and subsequent ablative
or excisional treatment would reduce the in-
cidence of invasive cervical cancer.
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a Case Report
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Introduction: Dermoid cysts are common, benign, soft tissue cysts of embryonic origin that can occur in
a variety of craniofacial spaces. They may contain hair follicles, skin tissue, and glands that produce sweat
and sebum. Over time, the glands continue to produce these substances, resulting in cyst growth. Aims:
The purpose of this case report is to introduce a patient to a dermoid orbital cyst and assess the post-oper-
ative clinical outcome. Materials and methods: We present a case report of a 38-years old male patient
who has entered the Neurosurgery clinic of “Saint Marina” University Hospital with clinical manifestation
of rapidly growing tumor formation in the left orbital region. MRT discovered evidence of tumor formation
in the left orbital area, suspected of a dermoid cyst. Results and discussion: Under general anesthesia, a
left lateral orbitotomy was performed. The tumor mass was extirpated completely by microsurgical tech-
nique. A cranioplasty with titanium mesh was followed. Postoperatively, the patient had a relief in the
neurological status. He was mobilized the day after the operation and released on the fifth day. Conclusion:
Dermoid cysts are rare embryological benign lesions that make up 0.04-0.6% of all intracranial tumours.
Management of these lesions requires complete excision although it is complicated because of the com-
pressive effect of the deep component.

Keywords: dermoid cyst, orbit, orbital tumors, orbitotomy

Introduction

Dermoid cysts are rare benign cysts that
are squamous epithelium-lined sacs that re-
sult from abnormal migration of ectodermal
cells. These lesions are composed of keratin-
ized squamous epithelium, have a fibrous
capsule, and also have skin appendices like
sweat glands, sebaceous glands and hair fol-
licles. [1, 2] Orbital dermoid cysts represent
around 3 to 9% of all primary orbital tu-
mors. [3] Orbital dermoid cysts are mostly
seen in childhood. Patients usually present
with mass lesion, proptosis and inflamma-

orbital region. MRT has discovered evi-
dence of tumor formation in the left orbital
region, suspicious of a dermoid cyst (Fig-
ure 1).

L’ Tumor formation
Awl .

Figure 1. Preoperative scan. MRI indicated a

tory reaction. In this report, the authors de-
scribe a case in its adult stage.

Case report

We present a case report of a 38-years old
male patient who has entered the Neurosur-
gery clinic of “Saint Marina” University
Hospital with clinical manifestation of rap-
idly growing tumor formation in the left
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suspected dermoid cyst tumor in the left orbital
region.

Under general anesthesia, a left lateral or-
bitotomy was performed. The tumour mass
was completely removed by micro-surgical
technique (Figure 2).

A cranioplasty with titanium mesh was
followed. After surgery, the patient received
relief from the neurological condition. He



was mobilised the day following the
intervention and released on the 5th day
(Figure 3).

I —
Tumor capsule
and content

Figure 2. Intraoperative photography. Dermoid
cyst

Figure 3. Postoperative scan. Incised dermoid
cyst with titanium cranioplasty.

Discussion

Dermoid cysts are abnormally localized
lesions resulting in abnormal involution of
the superficial ectoderm during closure of
sutures between the bones. [2] These lesions
occur mainly in children, with few reported
cases in adults. [5] Clinical manifestations
are variable and depend upon orbit position.
Usually the superficial forms manifest as a
subcutaneous palpebral swelling of the su-
perolateral location, deforming the eye-
brow. [6] Deeper located forms are ex-
pressed as slowly progressive, painless, irre-
ductible and nonaxial exophthalmitis. Le-
sions, contiguous to the optic nerve, can in-
duce a decrease in the visual acuity. [7] The
differential diagnosis of orbital cysts include
teratoma, choristoma and colobomatous
cyst. [8] The management of dermoid cysts
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is surgical with complete excision of the cyst
lining, taking care in order to avoid rupture.
The approach is chosen according to the size
and the location of the cyst. A supra-lateral
orbitotomy is recommended for cysts in the
superior-external quadrant or it can be a
wider subfrontal approach for retrobulbar
forms. [9]

Conclusion

Comprehensive surgical excision is the
only effective method of treating these le-
sions. Long-term follow-up is required in
cases of re-offending.
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"Happy” New Year or Why You Should Stay away from
Pyrotechnics: a Case Report of Firework-related Injury

of Both Eyes
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Eye injuries are the leading cause of monocular visual impairment and blindness in the world. Worldwide,
pyrotechnics are used to celebrate popular events such as holidays, national and cultural festivals. Firework-
related injuries affect patients of all ages however, they have a higher prevalence inmale adults and children.
The incidence of these injuries is particularly high around New Year’s celebrations. In this case report, we
present a 25-year-old male patient who suffered ocular trauma to both eyes due to a firework explosion
hitting his face on New Year's Eve. The patient arrived at the UMHAT St. George Eye Clinic shortly after
midnight on January 1. He presented with bilateral penetrating injuries with prolapse of intraocular struc-
tures. Both eyes had a visual acuity of 0 /zero/ at the time of admission to the hospital. An imaging study
was performed, which included a CT scan of the retrobulbar space and the brain. Among the findings were
a fractured floor of the right orbit and its medial wall, and a prolapse of the lower oculomotor muscle into
the homolateral maxillary sinus. The eyeballs were bilaterally deformed and asymmetric, metallic foreign
bodies were also detected. A multidisciplinary team, including an ophthalmologist and a craniomaxillofa-
cial surgeon, performed surgery on the patient. It is important to use pyrotechnics in a controlled environ-
ment, especially duringcelebrations where alcohol is consumed, which can slow down reactions. It is true

that fireworks can bea pleasing sight for the eyes, but they can also cause fatal damage to them.
Keywords: pyrotechnics, firework-related injury, bilateral ocular trauma

Introduction

Monocular blindness is most commonly
caused by eye injuries (1). About 19 million
people worldwide suffer from monocular
blindness and reduced visual acuity, caused
by trauma (2), (3).

Approximately 3.5 people per 100,000
suffer monocular blindness as a result of
trauma worldwide each year (4). Male adults
and children are more likely to suffer fire-
works-related eyeinjuries than females (5,6).
Fireworks are a common way to celebrate
holidays, national holidays, andcultural fes-
tivals across the globe. The incidence of
these injuries is particularly high around
New Year’scelebrations (7). This case report
illustrates ocular trauma caused by a fire-
work explosion hitting the face of a male pa-
tient on New Year's Eve.

Clinical case
We present a clinical case report of a 25-
year-old male who was admitted to UMHAT
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St. George Eye Clinic shortly after midnight
on January 1* with bilateral penetrating eye
injuries and facial injuries sustained after
getting hit by a fireworkexplosion during a
New Year’s celebration. The examination of
the eyeballs proved very challenging upon
his admission due to the significant eyelid
edema and hematoma. The visual acuity of
both eyes was zero /0/

- lack of light perception. Slit-lamp exam-
ination revealed subconjunctivalhemorrhage
at 360 degrees and totalhyphema. The man-
ual examination of the eye pressure in both
eyes was suggestive of low intraocular pres-
sure. (Fig. 1, 2)

CT scan results showed that the inferior
rectus muscle had prolapsed into the right
maxillary sinus and the floor and medial wall
of the right orbit were fractured. The optic
nerves were bilaterally preserved in thick-
ness and anatomical course. Moreover, for-
eign bodies were detected in the intrabulbar
space of both eyes. (Fig. 3)



Figure 1. Right eye on admission

Figure 3. CT scan
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B-scan examination revealed total vitre-
ous hemorrhage in both eyes with no clear
visualization of theretinal contours.

The operative treatment,performed under
general anesthesiarequired a multidiscipli-
nary approach —the team included an oph-
thalmologist and a craniomaxillofacial sur-
geon. During surgery, the scleral tear in the
right eye was observed to be behind the up-
per and lateral rectus muscle attachment
points, protruding behind the equator and
causing uveal, retinal, and vitreous prolapse.
The scleral wounds were sutured with 7/0
Silk. The scleral wounds of the left eye
started at the limbus and continued posteri-
orly — reaching behind the medial rectus
muscle, which was delaminated and torn.
Similarly to the right eye, uveal, retinal, and
vitreous prolapse were also present. Limbal
wounds were sutured with 10/0 Silk. The
conjunctival wounds were adaptedwith 7/0
Vicryl. Vancomycin was applied intravitre-
ally to both eyes. The eyelid wounds were
adapted with 6/0 Silk. The lacerations on the
tip of the nose and upper lip were sutured by
a craniomaxillofacial surgeon (Fig. 4).

Figure 4. An intraoperative image of the left eye



The patient's visual acuity was still poor
on his follow-up appointment

- twenty days after discharge. The
patient did not attend any subsequentfol-
low-up appointments (Fig. 5).

Figure 5. Postoperative images of the left and
right eye

Discussion

Fireworks and other types of pyrotech-
nics are used in Bulgaria and around the
world during various celebrations. Their use
is especially widespread during New Year’s
celebrations (7, 8). Ocular trauma,particu-
larly penetrating traumas, are the leading
cause of monocular visual impairment and
blindness worldwide (1). In various parts of
the world, it hasbeen found that during na-
tional celebrations and especially around

202

New Year, cases of eye injuriesassociated
with pyrotechnics increase.

For example, in Switzerland, a study
showed that the cases of patients with eye in-
juries related to fireworks had 2 (two) peaks.
The first one is in January (around the New
Year holidays) and the second is in August
(during the Swiss National Holiday) when
pyrotechnics are used the most (7). In the
USA, similar results have been published —
85% of eye trauma cases related to fireworks
are in theperiod around New Year's Day and
Independence Day (8). Until 1996 the sale
and use of pyrotechnics were banned in Ire-
land, and after the banwas lifted, the inci-
dence of eye injuriesassociated with fire-
works increased dramatically (9). In most
cases, these injuries lead to severe vision
loss or blindness, resulting in reduced qual-
ity of life. The focus should therefore be on
prevention, such as banning the saleof pyro-
technics or providing special training for
handling explosives. A similar restriction is
in place in Sofia, Bulgaria — pyrotechnic
products ofcategories F2 and F3 can only be
used on New Year's Eve or after prior per-
mission from the regional administration. It
is believed that the incidence of firework-
related injuriescan be reduced by limiting
the use of pyrotechnics and conducting edu-
cational campaigns on how to handle them.

Conclusion

Injuries caused bypyrotechnics can range
from erosion ofthe corneal epithelium to per-
forationwith loss of intraocular structures.
Injuries with such genesis can beconsidered
socially significant since they predominantly
affect young people. Primary prevention
must be emphasized to reduce the frequency
of this type of trauma, which includes ban-
ning the sale and use ofpyrotechnics in a
controlled environment.
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Introduction: Brain arteriovenous malformations (AVM) are type of intracranial high-flow vascular le-
sions which are a nidus of enlarged feeding blood vessels, associated with the brain parenchyma. These
lesions occur approximately in 4% of the population but become symptomatic in only 12% of affected
individuals. Cerebral arteriovenous malformations are clinically presented with hemorrhages, seizures and
headaches. Aims: This case report aims to present a patient with an arteriovenous malformation and to
evaluate the postoperative clinical outcome. Materials and methods: We present a case report of a
26-years-old female patient who has entered the Neurosurgery clinic of “Saint George” University Hospital
with clinical manifestation of headache, vomiting and tinnitus. CT scan has discovered intracerebral hema-
toma and subarachnoid hemorrhage in the right frontal lobe with perifocal edema and mass effect. Results
and discussion: Under general anesthesia, an operative treatment was performed with a right frontal para-
sagittal craniotomy. The arteriovenous malformation was removed by microsurgical technique. Subcortical
and medial to the malformation an intracerebral hematoma was discovered and was aspirated. Postopera-
tively surgery-related complications were not observed. The patient was verticalized on the day after inter-
vention and discharged on the 5th day. Conclusion: Arteriovenous malformations are dangerous vascular
lesions which can be fatal. Proper imaging and timely diagnosis can prevent further complications. Surgical

treatment is the preferred method for treating these lesions.
Keywords: AVM, intracerebral hematoma, cerebrovascular lesion, subarachnoid haemorrhage.

Introduction

Brain malformations
(bAVMs) are rare lesions, which are pre-
sented as directly connected arterial and ve-
nous blood vessels, without a capillary net-
work in between. This results in a haemody-
namic imbalance, occurring in the nidus and
leading to dilation of the draining veins or
the arterial sector. [1] Pathological findings
on the vessel wall could be interruptions of
tunica media or of the internal elastic mem-
brane, fibrosis of the vascular wall, carrying
the risk of complications, such as haemor-
rhagic stroke. [1, 2] These lesions can be
congenital (AVMs, localized on the cortex)
or acquired (dural AVMs). Subpial AVMs
are seen more often than dural AVMs. The
diameter of an AVM can vary from a few
millimeters (usually by dural AVMs and in
some cases of subpial AVM with a nidus, lo-
calized on the cerebral cortex) to several

arteriovenous
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centimeters (often by subpial AVMs). The
afferent arterial vessels to the nidus are usu-
ally branches of the external carotid, verte-
bral and basilar artery. [1] The main mani-
festations of bAVMs are headaches, seizures
and life-threatening complications as sub-
arachnoid haemorrhage (SAH). [2]

Case report

We present a case report of a 26-years-old
female patient who has entered the Neuro-
surgery clinic of “Saint George” University
Hospital with clinical manifestation of head-
ache, vomiting and tinnitus. CT scan has dis-
covered intracerebral haematoma and sub-
arachnoid hemorrhage in the right frontal
lobe with perifocal edema and mass effect
(Figure 1).

Under general anesthesia, an operative
treatment was performed with a right frontal
parasagittal craniotomy. The arteriovenous



malformation was removed by microsurgi-
cal technique. Subcortical and medial to the
malformation an intracerebral haematoma
was discovered and was aspirated (Figure 2).

Figure 1. CT scan, visualizing an intracerebral
haemorrhage with edema

Figure 2. Intraoperative view of the AVM

Postoperatively surgery-related compli-
cations were not observed. The patient was
verticalized on the day after intervention and
discharged on the 5th day (Figure 3).

Figure 3. Postoperative MR angiography
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Discussion

The prevalence of bAVMs is between 10
and 15/100 000 inhabitants and the inci-
dence is around 1.3 new cases/100 000/year.
Dural AVMs are discovered by only around
10-15% of the patients and occur due to ve-
nous hypertension, cerebral phlebitis and
events, potentially leading to venous throm-
bosis. [1] Patients with subarachnoid haem-
orrhage (SAH) experience the so called
“thunderclap headache” with severe inten-
sity of the pain. The fact, that SAH is often
misdiagnosed as migraine, puts the emphasis
on the importance of properly taken status
and laboratory testing — SAH is character-
ized with neck pain and stiffness, severe
headache and leukocytosis (not common for
migraine). Non-contrast CT is preferred for
imaging of SAH, because of the high sensi-
tivity for intracranial bleed. [2, 3] Risk fac-
tors for rupture of an AVM are smaller AVM
size, young age and deep localization. [5]
Pregnancy is also reported as a risk factor for
rupture of an AVM, because of the increased
cardiac output. [6] Gold standard for the di-
agnosis of AVMs is the cerebral angi-
ography. Other imaging techniques that can
be used are CT and MRI. [2] The differential
diagnoses of cerebral AVMs include intra-
cranial aneurysms, stroke, migraine, cluster
headaches and carotid/vertebral artery dis-
section. [4] The surgical treatment of AVMs
includes microsurgery, endovascular embo-
lization and radiosurgery. Several trials
compare the outcomes from conservative
and surgical treatment of AVMs (ARUBA).
Some of them show better results from the
conservative treatment in preventing stroke
and death over certain follow-up periods,
and others showed that microsurgery is safe
and effective for low-grade AVMs; radiosur-
gery is appropriate for deeply localized le-
sions; and endovascular embolization is per-
formed to reduce blood flow to an AVM be-
fore microsurgery. [5]



Conclusion

In many cases, patients with undiscov-
ered AVMs are without any clinical mani-
festation but carry a high risk of life-threat-
ening acute haemorrhage. [6] Technical im-
provements nowadays give us the oppor-
tunity to treat AVMs with significantly low-
ered risk of follow-up seizures or fatal out-
come, compared to the past. [7]

Acknowledgements
The authors have no support to report.

Funding
The authors have no funding to report.

Competing interests
The authors have declared that no com-
peting interests exist.

Consent

Written informed consent was obtained
from the patient for publication of this case
report and accompanying images.

References

1. X. Barreau, G. Marnat, F. Gariel, V. Dousset, In-
tracranial arteriovenous malformations, Diagnostic
and Interventional Imaging, Volume 95, Issue 12,
2014, Pages 1175-1186, ISSN 2211-5684, DOI:
https://doi.org/10.1016/j.diii.2014.10.004.

206

2. Smith, John. (2019). Subarachnoid Hemorrhage
due to a Ruptured Arteriovenous Malformation. Clin-
ical Medical Image Library. DOI: 5. 130.
10.23937/2474-3682/1510130.

3. Al Rasyid, Taufik Mesiano, Mohammad Kur-
niawan, Rakhmad Hidayat, Rahmad Mulyadi, Setyo
Widi Nugroho, Sophie Yolanda, Elvan Wiyarta,
Salim Harris, Spontaneous subarachnoid hemorrhage
due to arteriovenous malformation mimicking mi-
graine: A case report, Radiology Case Reports, Volume
17, Issue 3, 2022, Pages 790-793, ISSN 1930-0433,
DOI: https://doi.org/10.1016/j.radcr.2021.12.015.

4. Bokhari MR, Bokhari SRA. Arteriovenous Mal-
formation Of The Brain. [Updated 2022 Sep 6]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2023 Jan-. Accessed: 17.04.2023 Availa-
ble from:
https://www.ncbi.nlm.nih.gov/books/NBK430744/
5. Makiko Oomori, Sayaka Ito, Kazushi Higuchi.
Fatal ruptured occult arteriovenous malformation in a
young adult: An autopsy case report. 01-Jul-
2022;13:284

6. English LA, Mulvey DC. Ruptured arteriovenous
malformation and subarachnoid hemorrhage during
emergent cesarean delivery: a case report. AANA J.
2004 Dec;72(6):423-6. PMID: 15633365.

7. Guidetti B, Delitala A. Intracranial arteriovenous
malformations. Conservative and surgical treatment.
J  Neurosurg. 1980  Aug;53(2):149-52.  doi:
10.3171/jns.1980.53.2.0149. PMID: 6159458.

Corresponding author

Ivan Tsvetanov Ivanov

Medical University of Varna

55 “Marin Drinov” str.

Tel: 088 939 0009

e-mail: iivanov09022001@gmail.com



Flesh-eating Disease — a Case Report

Velizar Hadzhiminev', Georgi E. Markov', Aleksandar Sarpanov’, Krasi Kalacheva®,

Atanas S. Ivanov*

1. Department of Propedeutics of Surgical Diseases, Section of General Surgery, Faculty of Medicine,
Medical University of Plovdiv; Clinic of General Surgery, UMHAT “St. George”, Plovdiv

2. Clinic of General Surgery, UMHAT “St. George”, Plovdiv

3. Department of Medical Oncology, MHAT “Central Onco Hospital”, Plovdiv

4. Department of Urology and General Medicine, Faculty of Medicine, Medical University of Plovdiv;
Clinic of Urology, UMHAT “St. George”, Plovdiv

Necrotizing fasciitis (NF) also known as “flesh-eating disease” is aggressive and life-threatening infection
that causes necrosis of muscle fascia and subcutaneous tissues. It is a result of bacterial infection introduced
through a break in the skin’s integrity. Key concepts for treatment of NF are early diagnosis, appropriate
empiric antibacterial coverage, adequate control of infection sources with aggressive surgical interventions.
A 65-years old female patient with no comorbidities and no previous surgeries was admitted to the Depart-
ment of General surgery with clinical and imaging findings of NF of the right abdominal flank, right ureter-
olithiasis with hydronephrosis. A locally advanced right felxure colon cancer with fistulisation into the
retroperitoneum was found as a source of the infection. The patient underwent several surgeries includind
necrectomies, right lumbotomy with extraction of the concrement, right hemicolectomy with ileostomy,
skin-graft plastic reconstruction. Wound management was performed by using proteolysis enzyme therapy,

debridement and daily dressing change.
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Introduction

Necrotizing fasciitis (NF) also known as
“flesh-eating disease” is aggressive and life-
threatening infection that causes necrosis of
muscle fascia and subcutaneous tissues. This
infection typically spreads rapidly along the
fascial plane, which has a poor blood supply,
leaving the overlying tissues initially unaf-
fected, potentially delaying diagnosis and
surgical intervention. The infectious process
usually affects the limbs, perianal area and
the trunk. The majority of patients have his-
tory of diabetes, alcoholism, liver cirrhosis
or previous oncologic disease. NF can occur
post-surgery or any invasive procedure. [1,
2]

Necrotizing fasciitis is a result of bacte-
rial infection introduced through a break in
the skin’s integrity in approximately 80% of
all cases. Gram-positive strains of Staphylo-
coccus aureus and Streptococci are responsi-
ble for the majority single-site source infec-
tions. Polymicrobial infections occur as well
because of a combination of gram-negative
(Escherichia coli, Pseudomonas spp., and
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Klebsiella spp.) and anaerobic involvement
(Clostridium perfringens ‘“gas gangrene”)
and anaerobic streptococcus. [3]

Necrotizing fasciitis affects about 0.4 in
every 100,000 people per year in the United
States. In some areas of the world, it is as
common as one in every 100,000 people. [4]

NF is more commonly presented with ex-
cruciating pain and systemic septic signs
than non-necrotizing infections. Physical
findings may include tenderness to palpation
beyond the erythematous border, crepitus,
and cellulitis. The presence of bullae, ecchy-
motic changes to the skin, and dysesthesia or
paresthesia should also be treated as a ne-
crotizing infection. Subcutaneous emphy-
sema and crepitus are almost always present.
The infection can spread rapidly within
hours hence suspicion should be high for ne-
crotizing fasciitis in the presence of intense
pain. [5, 6]

Key concepts for treatment of NF are
early diagnosis, appropriate empiric (wide-
spectrum) antibacterial coverage, adequate

control of infection sources such as



aggressive surgical intervention for abscess
drainage and debridement of necrotizing soft
tissue infections, identification of infection-
causing pathogen and applicable adjustment
of the antibacterial therapy. [7]

Case report

A 65-years old female patient with no
comorbidities and no previous surgeries was
admitted to the Department of General sur-
gery of University Hospital “St. George”
with complaints of pain, swelling and red-
ness of the skin with necrosis and blistering
located in the right abdominal flank. She did
not informed about nausea, vomiting, consti-
pation or urination problems. Physical exam
revealed fever up to 38.5 degrees, pale skin,
dry and coated tongue, tachycardia — 120
beats/min, blood pressure 100/70 mm Hg;
distended abdomen. The local status was fol-
lowing: skin necrosis with bullae, hypere-
mia, oedema and crepitations engaging the
right abdominal flank along the projection of
the right ureter (Figure 1). Relevant labora-
tory findings at the time of hospitalization
were following: HGB — 86 g/l; RBC — 3.29;
WBC - 36.7; PLT — 718; glucose — 5.6
mmol/l; CRP — 417 mg/l; t. protein — 63 g/l;
PT —42.7%. X-ray of the abdomen revealed
air-collection in the soft tissues of the right
abdominal flank and a concrement (2/1 cm)
in the right ureter (Figure 2). Ultrasonogra-
phy findings were right-sided hydronephro-
sis and ureterolithiasis and subcutaneous
emphysema. CT scan of the abdomen was
performed. It revealed soft-tissue infection
with subcutaneous emphysema of the flank
and anterior abdominal wall, right-sided
ureterolithiasis with hydronephrosis, intact
right and left paranephral spaces and intrab-
dominal organs. Chest X-ray of the patient
revealed a tumor formation (4/4 cm) in the
inferior lobe of the right lung. Our
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therapeutic approach and management, pre-
sented chronologically were following:

DAY 1: Preoperative preparation — fluid
resuscitation, blood and plasma transfusion,
empiric antibacterial coverage with Mero-
penem 3 x 1 g/24 h; Metronidazol 3 x 500
mg; Surgical debridement with wide inci-
sions and necrectomies were performed
(Figure 3). Percutaneous nephrostomy was
performed by urologist due to right-sided
hydronephrosis;

DAY 3: Revision of the wounds and ne-
crectomies; The patient was consulted with
urologist. Urinary infection with perinephric
abscess were discussed as possible source of
soft-tissue infection.

DAY 4: Right-sided lumbotomy and
stone-extraction from the right ureter were
performed by urologist. A locally advanced
right flexure colon carcinoma with fistulisa-
tion in the retroperitoneal and right peri-
nephric space was discovered. Midline lapa-
rotomy with right hemicolectomy and ileos-
tomy were performed followed by surgical
debridement of the wounds.

DAY 7: Revision of the wounds and ne-
crectomies (Figure 4).

For daily management of the wounds we
used proteolysis enzyme therapy. Esche-
richia coli were isolated from the wound.
The histology from the colon tumor revealed
low differentiated adenocarcinoma. The
postoperative stage of the patient was pT4
Nx M1, G3. The patient was consulted with
oncologist and plastic surgeon.

DAY 26: She was transferred to the De-
partment of Plastic and reconstructive sur-
gery for skin-grafting (Figure 5).

DAY 50: After successful skin-graft sur-
geries the patient was discharged and trans-
ferred to the Department of Medical oncol-
ogy for further chemotherapy (Figure 6).



Figure 1. Necrotizing fasciitis — skin necrosis with bullae, hyperemia, oedema engaging the right ab-
dominal flank

Figure 2. X-ray of the abdomen — air-collection in the soft tissues of the right abdominal flank and a
concrement in the right ureter.
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Figure 4. Day 7 — Results after lumbotomy, right hemicolectomy and daily wound management
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Figure 5. Day 26 — Wound status (fresh granulation tissue) after multiple surgical debridements and
proteolysis enzyme therapy

Figure 6. Day 50 — Postoperative result after skin-graft surgery
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Discussion

NF is an infection of the deep soft tissues
causing progressive destruction of the mus-
cle fascia and overlying subcutaneous fat.
Two major classifications of NF are gener-
ally accepted and several new classifications
have been proposed to create further subdi-
visions. The following classifications are
based on the underlying bacteria that initi-
ated the cascade of injury:

*Polymicrobial (type I) NF. Type I NF
stems from polymicrobial infection identi-
fied via microbiological culture. This type of
infection is caused by both aerobic and an-
aerobic bacteria. The complex microbiolog-
ical profile of offending organisms leads to
gaseous infiltration of subcutaneous tissue
similar to gas gangrene. Type I NF accounts
for most reported cases of NF and is more
prevalent in older adults with chronic dis-
eases.

*Monomicrobial (type II) NF is most
commonly associated with Gram-positive
organisms such as group A Streptococcus
(GAS) and methicillin-resistant Staphylo-
coccus aureus (MRSA). Endotoxins released
by type II NF organisms are responsible for
some clinical presentations, including toxic
shock syndrome. Type II NF is not associ-
ated with a specific age group. Some patients
do not have comorbidities or an obvious por-
tal of entry that predisposes them to severe
infection. [8—11]

No specific lab studies have been proven
to be reliable for the diagnosis of NF. Wong
and colleagues developed the Laboratory
Risk Indicator for Necrotizing Fasciitis
(LRINEC) to help clinicians screen for NF
using serum levels of the total white blood
cell count, hemoglobin, sodium, glucose,
creatinine, and C-reactive protein. LRINEC
scores of 6 or more were thought to be asso-
ciated with NF. However, in subsequent
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reports LRINEC scores failed to accurately
predict NF. [4], [12]

Computed tomography (CT) and MRI are
imaging methods of choice. They may show
edema extending along the fascial plane, alt-
hough these findings may be absent in early
stages of NF. Surgical exploration is the only
way to establish the diagnosis of necrotizing
infection.[13] Surgical debridement is the
mainstay of treatment of NF and results in
significantly improved mortality compared
to cases in which surgery is delayed for even
a few hours. When NF is suspected, patients
should be brought to an operating room as
soon as possible for a “search and destroy”
mission of aggressive and extensive debride-
ment. Involved tissues should be resected
thoroughly until there is no further evidence
of infection. Initial surgery is the most im-
portant determinant for survival and the
wound must be inspected closely after the in-
itial debridement. A “second-look™ surgery
is typically done 12 to 24 hours after the ini-
tial debridement. Patients with NF may re-
quire anywhere from five to 40 sessions of
surgery, and one study found an average of
33 debridements and grafting procedures.
Once the infection is controlled, daily dress-
ing is needed at the bedside under sedation,
followed by secondary suturing of the
wounds with or without split skin grafts to
cover the exposed underlying tissues. [5],
[10], [14]

The mortality of NF has been reported in
recent studies to be approximately 25% but
it is higher in patients with toxic shock syn-
drome, advanced age (> 65 years old), hypo-
tension, leucopenia, bacteremia and may
reach 67%. [9], [15]

We presented an interesting case of se-
vere form of necrotizing fasciitis. The under-
lying cause was oncologic disease — locally
advanced colon cancer with lung metastasis.
We kept to the major principles in diagnosis



and treatment of NF: timely clinical, labora-
tory and imaging diagnosis; aggressive sur-
gical debridement, broad-spectrum antimi-
crobial coverage, “second-look” surgeries,
definitive treatment of the main source of the
infection, adequate wound-care manage-
ment; skin-graft reconstruction. We had an
excellent outcome in our patient regarding
the surgical pathology.

Conclusion

Necrotizing fasciitis remains disease with
high morbidity and mortality, despite im-
provements in care. Patients with NF must
be identified early, treated expeditiously,
and supported with the best available critical
care. Timely diagnosis, multidisciplinary ap-
proach and supportive therapies, including
antimicrobials and timely referral to surgery
are crucial to improve patient outcomes.
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