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ARTIFICIAL INTELLIGENCE AS A USEFUL TOOL FOR 
PRECISION MEDICINE IN CRITICAL CARE SETTINGS

Prof. Mirjana Shoholcheva, MD, PhD

Faculty of Medicine, University “Ss. Cyril and Methodius”, Skopje, Macedonia

The question of whether a computer machine can think like a human can be answered by 
the application of artificial intelligence (AI) in many areas of human life whereby specific and 
precise data analysis are needed in shortest possible period of time. Biomedicine is one of these 
areas that can strongly benefit from employing AI. The application of different AI algorithms 
can predict, diagnose and treat various diseases with different therapeutic approaches. AI can 
understand complex situations, simulate human thinking and reasoning, and can solve complex 
problems. With all the possibilities that AI provides, it assembles it as an inseparable part of 
precision medicine. Precision medicine focuses on the identification of therapeutic strategies that 
are effective for a group of patients based on similar unifying characteristics, something that is 
more challenging than tailoring care for each individual that personalized medicine encompasses. 
For better individualizing the delivery of therapies and improving care for patients, precision 
medicine research includes the creation of large richly phenotyped networks of clinical, imaging 
and multianalyte data. AI supports the implementation of novel trial designs, including adaptive 
designs, and embedding trial procedures in the electronic health record, continued innovation in 
the data science and engineering methods required to identify heterogeneity of treatment effect, 
further development of the tools necessary for the real-time application of precision medicine 
approaches, as well as work to ensure that precision medicine strategies can be applied to different 
patients regardless of their race, ethnicity or socioeconomic status. 

The relationship between AI, machine learning and deep learning (DL) is especially important 
in today‘s era of intelligent digital systems (1). AI implies any technique that enables computers to 
mimic human intelligence (e.g., logic, if-then rules, decision trees and machine learning). Subset 
of AI includes statistical algorithms that enable machines to improve at tasks with experience 
present learning from past experience or machine learning, while DL implies subset of machine 
learning using deep multilayered neural networks that can train themselves (self-learning ability) 
to perform tasks on vast amount of data (2).

The application of AI technology in clinical critical care practice is a particular challenge from 
the point of view of legal regulation and ethics. Of course, this also includes personal learning, 
standardization, but also techniques such as neural networks, random forests, and gradient boosting 
models as examples of “black box” techniques which are opposite of “white box” algorithms which 
are presented as logistic regression and decision trees. AI potential applications are in a variety of 

EDITORIAL UDK:  606:616-08]:004.8
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preoperative (blood marker tumor screening, computer assisted radiological diagnosis, accurate 
prognostication etc.), intraoperative (malignant tissue identification, risk detection etc.) and 
postoperative (prediction of complications, tailored follow-up, prediction of recurrence, tailored 
therapeutics etc.) clinical care procedures (3). 

These applications run through disease identification, disease evolution prediction, disease 
phenotyping, guiding the clinical decisions and implementation. Timely detection or prediction 
of disease enables clinicians to manage critically ill patients earlier than conventional strategy 
(4). For example, chronic heart failure (CHF) could be differentiated from other causes of lung 
disease using a machine learning model, such as: amounts of pulmonary edema secondary to 
the CHF could be quantified with semi-supervised machine learning, image segmentation and 
quantification of lesions by convolutional neural networks, a type of algorithm is used to detect 
COVID -19, or the presence of traumatic brain injury (TBI) on head computed tomography could 
be evaluated with higher accuracy than manual reading. Oftentimes, by finding the cause of the 
clinical deterioration, obtaining a more precise diagnosis is possible, which is a particular challenge 
in differential diagnosis. The prediction of disease evolution is very important in order to decrease 
the mortality rate. To predict hemodynamic decompensation intraoperatively or in the intensive 
care unit is a challenge that will help prevent late detection which in turn would lead to mortality 
(5,6). AI-driven models are used to predict the progression of COVID-19 by predicting hypoxia 
and respiratory distress as well as mortality of COVID-19 patients with different risk profiles. 
Cardiac arrest, sepsis and mortality after TBI have been also predicted so far, using different 
models (7,8). As far as disease phenotyping is concerned, AI could recognize different phenotypes 
or endotypes that could reflect influences from the critical state and hence open up the door to 
personalize management. Providing individualized solutions with using reinforcement learning 
(the algorithm in reinforcement learning is designed to detect numerous variables in a given state 
to build an action model), can help in guiding clinical decisions, and in that way AI impacts and 
contributes to generate personalized therapeutic solutions. Finally, the application of AI in critical 
care settings depends on the implementation and acceptance at the bedside, and in this way, it will 
be possible to redesign the current ICU in a new model, where it will be possible to react earlier to 
all potential deteriorations in patients, and of course it will also enable individual treatment based 
on generally accepted guidelines.

Recently, few publications process the application of AI in the real –life setting, but for it to 
come true, the model should be able to deliver important information in a timely manner, the 
feedback time should be extremely short, sometimes less than  few minutes, and а real time AI 
model should be equipped with a very fast data pre-processing platform. It should be emphasized 
here that only few clinical studies have achieved real-time prediction. 

Although AI is changing the picture in the clinical environment through all the advantages 
it has, it still has certain limitations or pitfalls in critical care settings. There are difficulties in 
overcoming the complexity of DL models and strong resistance to accept these models into daily 
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practice. DL has been criticized for being a “black box” that does not explain how the model 
generates outputs from given input. The large number of parameters involved, makes difficult for 
understanding how DL models analyze data and make decisions, so that‘s it why DL tools have 
to be more interpretable and applicable in clinical settings. Efforts must be made to make the 
explanation and interpretation of AI models as easy as possible. 

There is a lack of adequate clinical experiments and trials in critical care settings. Current 
AI models in critical care have largely been generated using retrospective data, without external 
validation or prospective evaluation which imply that reproducibility of AI solutions is not 
guaranteed. The application of AI in critical care settings is not exempt from the ethical dilemmas, 
especially regarding data privacy and data sharing. De-identification and parallel/distributive 
computing can minimize data leakage and potentially speed up the multicenter validation process. 
And finally, the most important pitfall is that the human will be excluded from the care of the 
patient, which is of course unacceptable. The human remains a major part of patient care with 
monitoring and decision-making. 

Recently, novel AI models and trial designs are introduced as Randomized Embedded 
Multifactorial Additive Platform for Community-Acquired Pneumonia (REMAP-CAP) which 
were initially developed to identify optimal treatment for community–acquired pneumonia and 
continued throughout the COVID-19 pandemic and the same contributed to improved survival 
among critically ill COVID-19 patients (9).

As a conclusion, AI is suitable for recognizing hidden disease patterns among the extremely 
heterogeneous clinical datasets, provides useful solutions in disease detection, phenotyping, and 
prediction that might alter the course of critical diseases,

and may also lead to optimal, individualized treatment strategies when multiple treatment 
options exist. A recommendation arising from all abovementioned is that the concept of AI has to 
be accepted in clinical practice with all its advantages and parts that require better development. 
Hereby, above all, it means standardization and data sharing, a model that will ensure data reliability, 
real-time application and quality control.

It is certain that the application of AI in critical care settings will represent a real revolution 
in the new approach to critical patients. Through proper employment of AI advantages, precision 
medicine may soon become a worldwide reality.
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THE EFFECT OF ESMOLOL ON CARDIAC RECOVERY 
AFTER CARDIOPULMONARY BYPASS IN PATIENTS WITH 
CORONARY ARTERY DISEASE

Kostadinovska-Jordanoska B1, Nikolic A1, Stefanovski I1, Radoeski A1, Bedzeti F1, Bislimovski D1

1 Department of Cardiac Surgery, Acibadem Sistina Hospital, Skopje, North Macedonia

ABSTRACT
Introduction: Esmolol is a cardio-selective beta-blocker (BB) with an ultra-short-acting 

half-life of about 9 minutes due to esterase hydrolysis, which allows its negative inotropic 
effect to rapidly cease after the infusion is reduced or stopped. Because of these characteristics, 
this beta-1 selective adrenergic blocker is the drug of the first choice for use as an adjuvant 
to cardioplegia in patients in whom the possible side effects (hypotension, bradycardia, heart 
failure) of the longer-acting BBs administered would be avoided in the intraoperative period.

Aim: The aim of this study was to determine whether the application of a fast-acting 
beta-1 selective adrenergic blocker - esmolol immediately before CABG and as an adjunct to 
cardioplegia itself, would provide additional myocardial protection, faster cardiac recovery after 
cardiopulmonary bypass and would reduce the occurrence of heart rhythm disturbance in the 
perioperative and postoperative period.

Material and Methods: This prospective, randomized, controlled study included 50 patients 
aged 40-80 years with coronary artery disease that according to the recommendations of the 
professional associations, refers to revascularization with CABG. Patients were randomized into 
two groups according to whether they received esmolol beta1-selective adrenergic blocker or 
placebo.

Results: The incidence of spontaneous re-beat, recovery time (time from initiation 
of reperfusion to establishment of cardiac rhythm), atrial and ventricular fibrillation, 
and the need for temporary pacemakers were reduced with the use of esmolol. 
Conclusion: Myocardial cardio-protection with esmolol given as an adjunct before and during 
cardioplegia in patients with coronary artery disease has a positive effect on cardiac recovery 
after cardiopulmonary bypass.

Key Words: cardiac surgery, cardiopulmonary bypass, coronary artery disease, esmolol, 
heart rhythm.

Introduction
Beta-(β)-adrenergic blockers (BBs) have the ability to reduce the degree of myocardial injury 

during ischemia and reperfusion, but the most BBs have prolonged (hours) negative inotropic 
and chronotropic effects, thus possessing positive properties significant for preoperative and 
postoperative period, but this limits their use during cardiac surgery (1,2,3). Esmolol is an ultra-
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short-acting BB that represents a cardio-selective BB, with a half-life of about 9 minutes due to 
esterase hydrolysis, which allows its negative inotropic effect to be rapidly terminated after the 
infusion is reduced or stopped (4,5). For this reason, is more suitable for use in acute situations 
such as cardiac surgery. Esmolol can be used to induce “appropriate cardiosurgical conditions”, 
which manifests as a significant slowing of the heart rate (6). 

Esmolol also reduces the metabolic demands of the myocardium before and during 
cardioplegic arrest reducing ischemia-reperfusion injury. If given before aortic cross 
clamping, esmolol reaches the coronary microcirculation and provides cardio-protection 
before the administration of cardioplegia itself (7). In addition, if added to the cardioplegic 
solution, esmolol may provide additional protection by reducing myocardial activity 
(8,9,10). A meta-analysis of randomized trials showed a significant reduction in the rate 
of perioperative myocardial ischemia and arrhythmias after CABG when esmolol was 
administered during cardiac surgery, without an increased need for inotropic support (11). 
In 2003, Scorsin et al., investigated the protective effect of esmolol during continuous 
retrograde cardioplegia. The result of the study was a reduced consumption and demand 
of the myocardium for oxygen, and thus a reduced ischemia-reperfusion injury (12). 
In 2011, Sun et al., investigated the effect of esmolol as an adjuvant to cardioplegia on 
cardiac recovery after CABG (13). There were results of reduced occurrence of ventricular 
arrhythmias, shortened time to automatic heart rhythm establishment, reduced occurrence 
of ventricular fibrillation after establishment of heart rhythm and shortened reperfusion time. 
In two experimental studies, Fannelop et al. – 2008, Dahle et al. – 2015, the use of esmolol in 
cardioplegia improved left ventricular function in the postoperative period (14, 15).

Figure 1. Role of esmolol as a beta1-blocker (Adapted from Scorsin et al. 2003 (12)).

Because of these properties, this beta-1 selective adrenergic blocker is the drug of the 
first choice for use as an adjuvant to cardioplegia in patients in whom the possible side effects 
(hypotension, bradycardia, heart failure) of the longer-acting BBs given would be avoided in the 
intraoperative period (16).

The aim of this study was to determine whether the application of a fast-acting beta-
1 selective adrenergic blocker - esmolol immediately before CABG and as an adjunct to 
cardioplegia itself would provide additional myocardial protection, faster cardiac recovery after 
cardiopulmonary bypass and would reduce the occurrence of the heart rate disturbance in the 
perioperative and postoperative period.
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Material and Methods
Study Design, Specimens and Methods

Material
In this prospective, randomized, controlled study, 50 patients aged 40-80 years with 

coronary artery disease, which according to the recommendations of the professional 
associations refer to revascularization with CABG were included (17). All patients met 
the criteria for inclusion in the study and had signed the informed written consent 
for their participation in the study which was previously explained to them in detail. 
Patients were grouped into two randomized groups according to whether they received esmolol 
beta1-selective adrenergic blocker or placebo. A computer-generated list of random numbers 
was used for appropriate randomization of patients. Participants were assigned a progressive 
randomization number that was written on a sealed, numbered, opaque envelope containing 
information about patient allocation (esmolol or placebo).

Methods
According to the protocol for the inclusion of esmolol:
The first dose of esmolol (1mg/kg in 10mg/ml solution) was administered through a central 

venous catheter after cannulation of the aorta i.e., immediately before clamping the aorta. 
The second dose of esmolol (2mg/kg in a 10mg/ml solution) was given along with antegrade 
cold blood cardioplegia. The maximum dose of esmolol given before aortic clamping 
was 100mg, while the maximum dose of esmolol given with cardioplegia was 200mg. 
The control group of subjects received a placebo (saline solution) in the same volume. 
In all patients, cardiac recovery after cardiopulmonary bypass was monitored on the basis of the 
following parameters: (1) the rate of spontaneous cardiac re-beating (spontaneous re-beating 
without ventricular fibrillation or temporary pacemaker); (2) recovery time (time from the start 
of reperfusion to establishment of cardiac rhythm); (3) atrial fibrillation during reperfusion; 
(4) ventricular fibrillation during reperfusion; (5) heart rate after establishment of cardiac 
rhythm; (6) heart rate after 10 min. from establishing a heart rhythm; (7) need for a temporary 
pacemaker. Also, in all patients, the following were monitored: (8) duration of aortic cross 
clamp, (9) duration of cardiopulmonary bypass and (10) duration of reperfusion (period from 
aortic declamping to weaning of cardiopulmonary bypass).

Statistical Analysis
Categorical parameters were summarized as percentages and continuous parameters as 

a mean ± standard deviation. The difference between groups was tested using Pearson’s Chi-
square test for categorical variables and Mann-Whitney nonparametric tests for continuous 
variables. Correlation has been made using Pearson or Spearman analysis. All data analysis was 
performed using SPSS version 25.0 (IBM SPSS, Inc., Chicago, Illinois, USA), and p ≤ 0.05 was 
considered as statistically significant. 
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Results
The comparison of the two groups with and without esmolol showed that patients in 

the placebo group were non-significantly older than those in the esmolol group (P=0.392). 
All patients had a normal body mass index on average. NYHA class was significantly higher 
in the placebo group, 3.52±0.51, than in the esmolol group, 3.19±0.40, (P=0.018). The CCS 
class was 3.55±0.51 in the placebo group and 3.19±0.40 in the esmolol group (P=0.009). The 
EuroScore score was significantly higher in the placebo group, 6.37±5.01 than in the esmolol 
group, 3.91±2.09, (P=0.040). The STS score was non-significantly higher in the placebo group, 
2.90±3.10 than in the esmolol group, 1.82±1.35, (P=0.144). (Table 1)

Table 1. Basal values of the examined patients.

Parameters
All patients

(n=50)

Esmolol

n=21

Placebo

n=29
p

Age (years) 65.58±8.99 64.29±8.19 66.52±9.56 0.392
Gender

Men /Women (n//%)  36/72 (14/28) 17/4 (81.0/19.0) 19/10 (72.9/27.1) 0.239
BMI (kg/m2) 27.79±4.88 26.92±5.08 28.42±4.72 0.289
NYHA 3.38±0.49 3.19±0.40 3.52±0.51 0.018
CCS class 3.40±0.49 3.19±0.40 3.55±0.51 0.009
EuroSCORE 5.33±4.20 3.91±2.09 6.37±5.01 0.040
STS score 2.45±2.55 1.82±1.35 2.90±3.10 0.144

CCS=Canadian Cardiovascular Society; NYHA=New York Heart Association; 
EuroSCORE=European system for cardiac operative risk evaluation; STS score= Society of 
Thoracic Surgeons score.

Table 2. Cardiac recovery parameters after cardiopulmonary bypass.

Parameters 
All patients

(n=50)

Esmolol

n=21

Placebo

n=29
p

Recovery time (min)  5.01±6.39 3.60±2.21 5.89±7.94 0.385
Auto re-beat ratio (n/%) 26/52.0 16/76.2 10/34.4 0.245
VF after declamping (n/%) 25/50.0 11/52.4 14/48.3 0.500
AF after declamping (n/%) 1/2 0 1/3.5 0.563
HR after re-beat (bmp) 62.04±20.59 67.43±18.69 58.14±21.32 0.087
HR 10 min after re-beat (bmp) 78.70±15.49 79.67±15.33 78.00±15.83 0.829
Aortic-cross clamping time (min) 41.70±10.52 40.71±10.36 42.41±10.75 0.437
Bypass time (min) 71.06±16.55 70.33±16.34 71.59±16.0 0.867
Temporary peri-op PM (n/%) 8/16 2/9.5 6/20.7 0.255
Reperfusion time (min) 25.98±8.72 25.90±6.81 26.03±9.99 0.959
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These values are obtained only if the recovery time of those with spontaneous recovery is 
taken into account, those without spontaneity are not taken into account.

Following the esmolol treatment, the heart underwent re-beat automatically in 16 patients, 
as compared to 10 patients in placebo group (P=0.405). The recovery time was 3.60±2.21 minutes 
compared to 5.89±7.94 in placebo group (P=0.385). Ventricular fibrillation after declamping 
happened in 11 cases in esmolol group and 14 patients in placebo group (P=0.500). Atrial 
fibrillation was found in 1 case in placebo group and none in esmolol group (P=0.563). Two 
patients of the esmolol group, compared to eight patients in placebo group required temporary 
pacemaking (P=0.255). (Figure 2, Table 2). 

Figure 2. The heart recovery data after unclamping.
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The heart rate after steady re-beat was 67.43±18.69 in the esmolol group compared to 
58.14±21.32 in the control group (P=0.087). The heart rate after successful re-beat 10 minutes 
later was 79.67±15.33 in esmolol group, but 78.00±15.83 in placebo group (P=0.829). (Figure 3, 
Table 2). 

Figure 3. Heart rate after declamping.

The aortic-cross clamping time was 40.71±10.36 in the esmolol group and 42.41±10.75 in 
the control group (P=0.437). The bypass time was 70.33±16.34 in esmolol group and 71.59±16.0 
in placebo group (P=0.867). The reperfusion time was 25.90±6.81 minutes in the esmolol group, 
compared to 26.03±9.99 in the placebo group (P=0.959). (Figure 4, Table 2).

Figure 4. Bypass associated time and reperfusion time.

Discussion
The use of a fast-acting beta1-selective adrenergic blocker esmolol intravenously in the 

period immediately before clamping the aorta and together with the cardioplegic solution, is 
based on the data that esmolol reduces oxygen consumption of the myocardium by blocking 
beta-1 adrenergic receptors. Its basic characteristics such as the short T1/2 of 9.2 minutes and 
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its breakdown in the body through erythrocyte esterase, make it quite suitable for the protection 
of the heart muscle in the perioperative period without unwanted hemodynamic effects such as: 
hypotension, bradycardia and low blood pressure syndrome (low-cardiac output syndrome).

In our study, although we did not find statistically significant differences due to the limited 
number of patients included, we still identified that esmolol increases the automatic heart rate 
(spontaneous heart rate without ventricular fibrillation or temporary pacemaker), decreases the 
recovery time (time from initiation of reperfusion until cardiac rhythm is established), reduces 
the incidence of atrial and ventricular fibrillation after primary re-beating and participates in 
maintaining a balance between oxygen delivery to the myocardium and oxygen consumption 
without prolonging bypass time. On the contrary, treatment with esmolol according to the 
intended protocol shortens the recovery time and reduces the need for a temporary pacemaker 
to maintain the target heart rate after cardiopulmonary bypass.

Conclusion
Cardio-protection of the myocardium with esmolol, given as an adjunct before and during 

cardioplegia in patients with coronary artery disease, has a positive effect on cardiac recovery 
after cardiopulmonary bypass.
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Abstract
Introduction:
The cytokine storm is a dysregulated immune response to the SARS-CoV-2 virus, that 

resembles the one seen in severe forms of flu. Inflammatory markers like TNF-α, IL-6, IL-8, 
IL-12, are being released in excessive amounts during disease progression which can lead to 
development of Acute Respiratory Distress Syndrome (ARDS), and multiorgan failure (MOF). 
Different studies have reported association between the levels of serum ferritin, d-dimers, lactate 
dehydrogenase (LDH), and interleukin-6 (IL-6) with disease severity and mortality.

Hiperferritinemia, associated with inflammation caused by the SARS-CoV-2 virus is 
frequently seen in patients that need ICU admission and with mortality. So far in Macedonia 
there aren’t enough studies that report the prognostic value of ferritin for development of severe 
form of COVID-19 disease. The purpose of this study is to evaluate the association of ferritin 
levels with the development of cytokine storm and progression to severe forms of COVID-19 
disease.

Goal:
To evaluate the role of ferritin as prognostic biomarker for disease progression in severe 

forms of 
COVID-19 disease.
Material and Methods:
56 male and female SARS-CoV-2 positive patients admitted to the COVID center in 

Clinical hospital Acibadem from Skopje from January to December 2021were included in this 
case control study. Patients were divided in two groups. Group 1 with 28 SARS-CoV-2 positive 
patients with severe form of the disease in need of High flow oxygen therapy (HFO), noninvasive 
(NIV) and invasive mechanical ventilation (IMV) and have received tocilizumab, and Group 2 
with 28 SARS-CoV-2 positive patients with non-severe form of COVID-19 infection only on 
oxygen support with oxygen flow bellow 15L/min.

Results:
The study included 56 SARS-CoV-2 positive patients between 25 and 83 years of age. The 

median age was 59.9 ± 11.8 years with 71.4% (40) male and 28.6% (16) female patients. Ferritin 
values on admission and at the three follow ups were significantly higher in the severe group 
compared to the non-severe (p=0.016), and (p=0.00063, p=0.000079 p=0.0017, accordingly).
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Conclusion:
In this study, we found that ferritin is an independent predictor of disease severity and 

increased mortality in SARS-CoV-2 positive patients. The goal is to predict and prevent 
deteriorations such as the Cytokine storm, and to enable an adequate medical treatment in 
SARS-CoV-2 positive patients.

Key Words: COVID 19, cytokine storm, ferritin.

Introduction
Ferritin is a universal intracellular protein involved in iron storing and releasing in a 

controlled manner. It is produced in almost all living organisms including bacteria, algae, plants 
and animals.  In humans it acts as a buffer between iron deficiency and iron overload (1). Serum 
ferritin has been long studied as a marker of iron metabolism; however, it also has a role as 
biomarker of inflammation as demonstrated by previous studies (2). 

The novel coronavirus (SARS-CoV-2) infection is associated with high morbidity and 
mortality, especially among those with underlying health conditions. It is caused by a novel 
enveloped RNA virus, and can result in severe pneumonia (3). Several complications can worsen 
the patient’s condition. One of the most severe complications seen in COVID-19 patients is 
the cytokine storm syndrome (CSS) (4). Inflammatory markers TNF- α, IL-6, IL-8, IL-12, are 
released in excessive amounts during disease progression. These biomarkers interact with the 
proteins from the complement and coagulation system, and can induce the development of 
disseminated intravascular coagulation, Acute Respiratory Distress Syndrome, hemophagocytic 
lymphohistiocytosis and multiorgan failure (5). Different studies and meta-analysis show that 
levels of serum ferritin, d dimers, lactate dehydrogenase (LDH), and interleukin-6 (IL-6) are 
higher in patients with disease progression and increase the risk of mortality (6-8). 

The most of these studies show significant elevation in serum ferritin and other biomarkers 
in COVID-19 infected patients, yet they fail to identify an optimal serum cutoff level that 
can reliably predict the development of CSS resulting in acute lung injury with the need of 
ventilatory support and in-hospital mortality. According to Eloseily et al., an elevated ferritin 
value should alert clinicians to additional diagnostic work-up, so that therapeutic approaches 
can be considered without significant delay. Early institution of treatment for CSS has been 
proven to lead to better patient outcomes (9).

Goals
 To evaluate the association between higher levels of ferritin and disease severity in 
patients on HFO, NIV and IMV that have received tocilizumab;
 To determine the prognostic value of ferritin in determining disease progression 
and outcome;
 To determine a cut off value for ferritin that can help in management of patients 
with higher risk for disease progression and negative outcome.
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Material and Methods:
Study Population

This was a Case-Control study that included 56 SARS-CoV-2 positive patients admitted in the 
COVID center in Clinical hospital Acibadem from January 2021 to December 2021. Adult 
patients from 25 to 83 years were divided in two groups 28 each:

1.	 The CASE group included patients with severe and critical COVID-19 disease who have 
SpO2 <94% on oxygen support, a ratio of arterial partial pressure of oxygen to fraction 
of inspired oxygen (PaO2/FiO2) <300mm Hg, a respiratory rate >30 breaths/min, or lung 
infiltrates >50% and patients who have respiratory failure, septic shock, and/or multiple 
organ dysfunction who need HFO therapy, NIV and IMV.

2.	 (CONTROL) Patients with non-severe form of COVID-19 who show evidence of lower 
respiratory disease during clinical assessment or imaging and who have an oxygen 
saturation measured by pulse oximetry (SpO2) ≥94% with oxygen support lower than 
15L/min.

During hospital admission, baseline demographics, medical history, admission symptoms 
and exploratory findings were registered. We’ve collected treatment information and need for 
intensive care or HFO or mechanical ventilatory support.

Laboratory Analysis
Ferritin levels were measured from blood samples taken from patients on the day of 

admission and every 3 to 4 days or on request of the ordinarius according to the patient’s 
condition. Patients were followed for up to 30 days or till all-cause death events. Blood samples 
were taken by the nurse from a venipuncture cite opposite of the infusion line or from a central 
venous catheter. Ferritin values are given in ng/ml, in the referent range of 22-322.

Results
The study included 56 SARS-CoV-2 positive patients between 25 and 83 years of age. 71.4% 

(40) of the patients were male and 28.6% (16) of the patients were female. The median age was 
59.9 ± 11.8 years.

Table 1. Patients distribution according to gender and age.

variable

gender n (%)

female

male

16 (28.57)

40 (71.43)

age  (mean ± SD) (min-max) (59.9 ± 11.8) (25 – 83)

Male and female patients were equally distributed among both groups. 28.6% (8) patients 
with severe and non-severe disease were females and 71.4% (20) patients were males accordingly.  
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Table 2. Disease severity and gender.

gender Disease severity

Non-severe

n (%)

severe

n (%)

female 8 (28.57) 8 (28.57)

male 20 (71.43) 20 (71.43)

There wasn’t a statistically significant difference in patients’ age between groups (p=0.1). 
Patients in the severe group were older having an average age of 62.5 ± 10.9 and patients in the 
non-severe group 57.5 ± 12.3.

Table 3. Disease severity and age.

Age/years Disease severity
p-level

non-severe severe

mean ± SD 57.5 ± 12.3 62.5 ± 10.9 t=1.62 p=0.11 ns

t(Student t-test)     
Ferritin values on admission and at the three follow ups were significantly higher in the 

severe group compared to the non-severe (p=0.016), and (p=0.00063, p=0.000079 p=0.0017, 
accordingly).

Median values of ferritin on admission were 1106.85ng/ml and 541.95ng/ml, in the severe 
and non-severe group accordingly and 1359.75ng/ml and 632.9ng/ml, at the last control 
measurement.

Table 4. Disease severity and mean ferritin values.

Disease 
severity

p-level

n mean ± SD median (IQR)

ferritin 1 non-severe 28 752.89 ± 724.3 541.95(224.25 – 1123.45) Z=2.4

*p=0.016severe 28 1962.37 ± 3744.3 1106.85(490.65 – 1727.05)

ferritin 2 non-severe 28 791.98 ± 706.3 641.8(237.95 – 1165.25) Z=3.42

***p=0.00063 severe 28 1744.54 ± 2029.5 1309.3(759.05 – 2051.3)

ferritin 3 non-severe 23 789.42 ± 741.2 656.5(194 – 1101) Z=3.95

***p=0.000079 severe 28 3656.20 ± 6660.5 1555.15(954.95 – 2130.3)

ferritin 4 non-severe 9 619.66 ± 403.2 632.9(603 – 736.2) Z=3.13

**p=0.0017 severe 20 1484.52 ± 972.0 1359.75(871.95 – 1715.8)

Z (Mann-Whitney U Test); *p<0.05, **p<0.01, ***p<0.0001
Higher levels of ferritin on admission were more frequently measured in patients with 

severe 89.3% (25) than in patients with no-severe disease 64.3% (18), p=0.027.
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On the first follow up 96.4% (27) patients with severe disease and 71.4% (20) patients with 
non-severe disease had elevated levels of ferritin; on the second follow up 96.4% (27) patients 
in the severe group and 73.9% (17) in the non-severe group had elevated values of ferritin. On 
the last follow up all of the patients in the severe group had elevated values of ferritin and 77.8% 
(7) patients in the non-severe group were with elevated levels of ferritin. Statistical analysis has 
shown that the higher values of ferritin were statistically more frequently seen in patients with 
severe form of COVID-19 disease at the follow ups (p=0.029, p=0.037, accordingly).

Table 5. Distribution of elevated and normal values of ferritin. 

Disease severity

p-level
n

Non-severe

n (%)

severe

n (%)

ferritin 1
normal 13 10 (35.71) 3 (10.71) X2=4.91

*p=0.027 elevated 43 18 (64.29) 25 (89.29)

ferritin 2
normal 9 8 (28.57) 1 (3.57) Y X2=4.76

*p=0.029 elevated 47 20 (71.43) 27 (96.43)

ferritin 3
normal 7 6 (26.09) 1 (3.57) Fisher exact, two-tailed

*p=0.037 elevated 44 17 (73.91) 27 (96.43)

ferritin 4
normal 2 2 (22.22) 0  Fisher exact, two-tailed

p=0.089 nselevated 27 7 (77.78) 20 (100)

In order to evaluate the contribution of ferritin for development of severe forms of 
COVID-19, binary logistic regression was performed. Results showed that patients with serum 
ferritin levels higher than 322ng/ml had 4.6 times significantly higher risk for development of 
severe form of disease than patients with values lower than 322ng/ml (OR=4.63  95%CI 1.113-
19.257). 

Table 6. Logistic regression analysis.

variable B S.E. Wald Sig. Exp(B) 95% C.I. for EXP(B)

Lower Upper

ferritin 1.532 0.727 4.440 0.035 4.630 1.113 19.257

constant -1.204 0.658 3.345 0.067 0.30

ROC analysis was used to determine the discriminatory capabilities of serum ferritin 
levels in distinguishing severe from non-severe forms of disease. For this test a ROC curve 
was constructed to show the sensitivity and specificity of every result of the test. 

The area under the curve (AUC=0.687), for the values of serum ferritin shows that it has 
satisfactory power in distinguishing patients with non-severe from those with severe form of the 
disease with sensitivity of 58% and specificity of 71%.
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Table 7. AUC 

Area Std. Error Asymptotic Sig

Asymptotic 95% confidence

Interval

Lower Upper

0.687 0.071 0.016 0.549 0.826

Discussion
In this Case-Control study we show that SARS-CoV-2 positive patients with severe form 

of the disease that require ICU admission and HFO, NIV or IMV have higher values of ferritin. 
Also, we demonstrate that the patients with higher values of ferritin have 4.6 times higher risk 
for development of more severe forms of the disease than patients with normal values of ferritin. 
In addition, we proved that ferritin as a serum marker has the capability to differentiate patients 
with severe from those with non-severe form of the disease.

Ferritin is a large protein (440kDa) present within the cytosol and also within the 
mitochondria of the cell. It can capture up to 4500 atoms of iron (10). 

Cytosolic ferritin is composed of a light (L ferritin) and heavy (H ferritin) subunits (11). The 
ratio of H to L subunits varies depending on the tissue type and the developmental stage of the 
cell, and can be modified in inflammatory and infectious conditions (10). It has a pivotal role in 
cellular iron homeostasis. That is why its synthesis is tightly regulated , from DNA regulation via 
the promoter, to interactions with numerous iron regulatory proteins in the process of mRNA 
translation ; and finally, to a diverse set of signaling pathways and several proinflammatory 
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cytokines including TNF α, Interleukin 1, Interleukin 6, Interferon γ that affect ferritin content 
within cells (12-14). Iron homeostasis has a very important role in maintaining host’s immune 
defense and inflammatory response. Both iron deficiency and/or overload can cause cellular and 
organ dysfunction (15).

Recent studies show that hypoferremia is an independent risk factor for hypoxic respiratory 
failure and death in COVID-19 patients (16,17). The overload of intracellular iron, especially 
in macrophages, causes cell and tissue damage, through the reactive oxygen species (ROS) 
catalyzed by iron. In addition, iron overload may trigger a form of non-apoptotic cell death 
termed ferroptosis (18). Serum ferritin concentration has been proven to reflect the individual’s 
iron storage status. Studies have also found that increased serum ferritin levels are also associated 
with adverse outcomes (19-21). Elevated serum ferritin levels may suggest not only the presence 
of an iron overload state, but are also marker of inflammatory, autoimmune, infectious or 
malignant conditions (22,23). Extremely high levels can be found in patients with macrophage 
activation syndrome (MAS), adult-onset still disease (AOSD), catastrophic anti-phospholipid 
syndrome (cAPS) and sepsis (23-25). These four conditions were identified by Shoenfeld et al., 
and were put under the term “hyperferritinemic syndrome” (23). But high levels of ferritin have 
been also found in patients with severe forms of COVID-19. Ferritin has been characterized as 
an acute phase protein and as a mediator of immune dysregulation in severe COVID-19 (21). 
So, ferritin may be a marker of the inflammation and an active factor in the “cytokine storm” 
that is the mechanism for development of severe COVID-19. Complex feedback mechanisms 
between ferritin and cytokines may exist. Cytokines can induce ferritin expression, but also 
ferritin can induce the expression of pro- and anti-inflammatory cytokines as well. That’s why 
some authors have included COVID-19 with pulmonary involvement within the spectrum of 
hyperferritinemic syndrome (26). These findings fit with the concept of hyperinflammation in 
COVID-19, and since hyperferritinemia has been associated with inflammatory states in SARS-
CoV-2 infection, it is plausible that ferritin may be a useful parameter to predict disease severity 
and the extent of the cytokine storm.

There are several studies that evaluate the prognostic value of ferritin and its role in the 
development of cytokine storm syndrome and severe forms of COVID-19. Results from these 
studies are in line with the results in our study.

Deng, F. et al., in their study, classified the patients in three groups according to the disease 
severity as moderate, severe and critical and compared the values of ferritin between them (27). 
In their study, statistical analysis of the results showed that ferritin values in the severe and 
critical group of patients was 2.3-4.6 times higher compared to the patients in the moderate 
group. Also, the median level of ferritin in patients that died was 3.4 times higher than in those 
that survived.

Dahan S.et al, also evaluated the association between ferritin levels and disease severity 
in SARS-CoV-2 positive patients (28). They divided the patients in three groups as light, 
moderate and severe. Significantly higher levels of ferritin were seen in patients with severe 
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form of COVID-19 compared to those with moderate and light disease (P = 0.006 and 0.005, 
accordingly). The median value of ferritin in the severe group was (2817.6ng/ml) compared to 
those with non-severe form (708.6ng/ml) for p = 0.02.

So, the authors concluded as in our study, that higher levels of ferritin were indeed associated 
with disease severity in SARS-CoV-2 positive patients.

In the case control study by Ahmed, Sibtain et al., similar to our study, patients are divided 
into severe and non-severe group and survivors and non-survivors (29). They found statistically 
significant difference between the two categories of the disease severity and survival for the 
values of ferritin. Binary logistical regression analysis showed that ferritin is an independent 
predictor for all-cause mortality with AUC of 0.69 from the ROC analysis. 

Maghfirah AI et al. in their study from 2022 included 63 SARS CoV-2 positive patients 
and divided them as mild moderate and severe. They found statistically significant correlation 
between ferritin values and disease severity (p<0.001). They carried out a Receive Operator 
Characteristic (ROC) curve analysis to determine whether ferritin could be used as a predictor 
of severity. Based on the Area Under Curve (AUC) value of ferritin 0.767 (p<0.001), they 
concluded that ferritin can be used as a predictor of the severity of COVID-19. They found a 
cut-off ferritin value at mild-moderate patients of 153.89ng/mL, and cut-off ferritin at mortality 
was 1145.54ng/mL (30). 

The results from our study show that according to the AUC value ferritin has the capability 
to discriminate patients with non-severe and severe forms of the disease with a sensitivity of 
58% and specificity of 71%. The cut off value for ferritin in our study between severe and non-
severe of the disease is 322ng/ml.

Limiting Factors
The study has the following limitations: It is a unicentric study with a relatively small sample 

size. Although viral presence was confirmed mainly by polymerase chain reaction assay, false 
positives and false negatives could be present.

Conclusion
This case control study confirms ferritin is an independent predictor for disease severity 

and risk of mortality in SARS-CoV-2 positive patients. It can be used for timely management 
of these patients, their allocation to an intensive care unit, and early institution of treatment 
strategies such as tocilizumab in order to prevent disease progression and the cytokine storm 
syndrome. 
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Abstract
Background: High-grade glial tumors (HGGTs) are the most common malignant tumors 

that occur in the central nervous system; they form about 40% of all primary brain tumors. 
The group of high-grade glial tumors includes: Anaplastic astrocytoma (AA), Anaplastic 
Oligodendroglioma (AO) as well as Glioblastoma (GBM). 

Tumor Treating Fields (TTFs) itself is a completely non-invasive and innovative approach, 
and because of the specific frequency which it uses, it has a selective anticancer or antimitotic 
effect on malignant cells. 

Methods: A systematic search was conducted in PubMed in database and the most relevant 
articles were selected which are forming scientific evidence for application of this type of 
treatment in clinical setting.

Results: In the absence of meta-analysis, the most relevant articles were selected and a 
combination of evidence has been extracted to systematically organize this article. Positive 
studies with clinical benefits have been selected for further analysis.

Conclusion: As a result of several clinical and preclinical researches, the inclusion of 
the TTF (Tumor Treating Fields) treatment modality to the earlier traditional three modality 
treatment for patients with glioblastoma multiforme, is considered to become a standardized 
treatment, i.e., according to the novel approach, four modalities are used for newly diagnosed or 
recurrent patients with GBM modality treatment, i.e., cocktail-based therapy. And it’s considered 
a valuable option for this type of solid tumors, so-called “cold” tumors.

Key Words: Alternating electric fields, Glioblastoma, systematic review systematic review, 
Tumor-Treating Fields
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Introduction. Overview and “Traditional” Treatment Options
According to data from the World Health Organization (WHO), the incidence of High-

Grade Gliomas (HGGs) is 5 patients per 100,000 population and approximately 80% of all 
HGG (High Grade Gliomas) are Glioblastomas (GBM). The incidence is thought to be higher 
in the white race, than in the black race, and it increases with age. By its nature, glioblastoma 
rarely metastasizes to other distant organs, the most likely due to the blood-brain barrier, but it 
overwhelms the surrounding tissue. Regarding the gender affectation, it is considered that the 
incidence is higher in men than in women, occurring around the sixth and seventh decade of 
life. GBM is an extremely aggressive tumor, and precisely because of this, the average survival 
is significantly short. Less than half of the patients, i.e., around 45%, survive the first year of 
diagnosis, and only 16% survive the second year (1,2).

Rapid multidisciplinary and multimodal treatment is always used in the treatment of 
glioblastoma because this affects overall survival. For the reason of its aggressiveness, GBM can 
be fatal in less than 6 months if multimodality treatment is not implemented at once. GBM can 
occur in any part of the brain hemispheres in adults, but in the most of the cases, it occurs in the 
frontal and temporal lobes of the brain. Direct causes and factors that influence the occurrence 
of this disease are still unknown (3,4).

It is thought that some of the factors that can affect the occurrence of GBM are the impaired 
immune response, earlier irradiation of the brain and reduced susceptibility to allergies. In 
addition to these reasons, several hereditary syndromes that include the occurrence of other 
types of carcinomas are also included as risk factors for the occurrence of GBM, such as Li-
Fraumeni syndrome and Lynch syndrome. Prognostically, despite the rapid treatment approach 
and the application of the first-line therapy, GBM continues to be a disease with an extremely 
poor prognosis (4, 5).

The recurrence of the disease in the most of the patients occurs in the same previously 
treated place, regardless of which treatment modality was initially applied. Patients with GBM 
have a median survival of 14-16 months, with a five-year survival rate of less than 5% (1).

Surgery as the main modality aims to remove as much of the tumor tissue as possible, but 
without affecting the normal surrounding brain tissue, which is needed further to continue 
normal neurological and cognitive life functions. Considering the very nature of the disease, it is 
practically impossible to remove the tumor lesion in its entirety, because there are migrating and 
infiltrative tumor cells that invade the surrounding brain tissue. Surgery is important because it 
achieves a significant reduction in the size of the tumor mass, because of which overall survival is 
extended, and according to some studies and statistics, thanks to surgical treatment, the quality 
of life is also improved (3-5).

Radiotherapy plays a vital role in the treatment of GBMs. Its task is to destroy residual tumor 
cells, which could not be removed by surgical treatment and which infiltrate the surrounding 
brain tissue. Convectional, external beam radiotherapy delivers a dose of radiation to the tumor 
zone, as well as to the margin that covers the surrounding infiltrating cells (3,4).
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With the radiotherapy treatment in standard fractionation, that is, multiple fractions with 
an identical dose per fraction, a treatment is carried out that can include from 10 to 30 fractions 
in total. Usually, single dose of radiation is performed during the day, and the same is repeated 
every day - a total of 5 days a week. Radiotherapy treatment as part of the modalities has been 
shown in many studies to prolong the life of patients compared to performing only operative 
treatment (3,4).

Chemotherapy is included as a third modality in the treatment of GBMs. Today, the main 
place in this treatment is occupied by the alkylating agent Temozolomide. As a standard in the 
treatment, the drug is included during radiotherapy - when it is received concurrently with 
the radiation, followed by the implementation of an added adjuvant treatment of additional 
6 cycles-over a period of 6 months, when the administered dose is received over a period of 5 
consecutive days, whereby the cycle repeats every 28 days (about 4 weeks), counting from the 
first day of prescribing the therapy (3,4). 

Despite the extensive treatment comprising of a three-modality arrangement: surgical, 
concurrent radio-chemotherapy, followed by adjuvant chemotherapy with temozolomide, all 
these methods however, unfortunately, showed no significant improvements in the overall and 
median survival of patients with GBMs - it remains unchanged. That is, an average of 15 months, 
and 4% are considered to survive 5 years or more (4-7). 

Patients with glioblastoma multiforme are considered incurable. The treatments 
implemented so far, especially when it comes to recurrent disease, have not shown much benefit 
and effectiveness in terms of survival. The search for new more successful options, targeted 
treatments, is constantly ongoing. A new treatment possibility, which after a long time joined 
as an added treatment for patients with glioblastoma multiforme, is the application of tumor 
treating fields (TTFs) (7,8).

The principle of this treatment modality is fulfilled by the local effect of electric fields, which 
refer to the proliferative, i.e., mitotic activity of the malignant tumor. As a result of this treatment 
choice, cell replication is disrupted - which can be slowed down or completely skipped, after 
which apoptosis occurs. This effect is caused by the disruption in the formation of the mitotic 
spindle, and the later blocking of metaphase and anaphase of the cell cycle (7,8).
Tumor treating fields are specialized devices that are placed locoregionally, near the tumor itself, 
i.e., in the proper anatomical location. It uses low-intensity, medium-frequency alternating-
current electric fields conducted through noninvasive transducer arrays. A series of preclinical 
studies and researches have shown that TTFs have an antiproliferative, i.e., antimitotic effect in 
several types of tumors. TTFs selectively disrupt, slowing down further cell division (1).
These alternating electric fields have a frequency range of 100-300kHz and a field intensity of 
1-3V/cm. With the use of specialized ceramic electrodes, Transducer arrays that are adhered to 
the very skin of the patient’s scalp, tumor-specific frequencies are used - which in the treatment 
of glioblastomas amount to 200kHz. According to the findings obtained from the phase III 
clinical trials, which are in favor of prolonging the average survival by 4.9 months, while there 
is no disturbance in the quality of life and with a significantly low percentage of side effects, this 
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new treatment modality has been approved, as the fourth adjunctive treatment in patients with 
newly diagnosed or recurrent glioblastoma (2).

Figure 1. Mechanisms of action of TTF in and around quiescent (A) and dividing (B) cells

. (A) Dipole alignment: the electric field is uniform inside quiescent cells and the oscillating electric forces result only in “vibration” 
of ions and dipoles; (B) dielectrophoresis: the non-uniform field within dividing cells induces forces pushing all dipoles toward the 
furrow; (C) TTF disrupts spindle formation, inhibits the division of tumor cells, and eventually leads to cell death. Adopted from the 
website of NovocureTM (https://www.novocure.com/)

Principles and Biophysical Actions of TTFs
As a result of the frequency produced by TTFs, they affect a large part of the macromolecules 

and other organelles that are responsible for life processes and for the mitotic activity of dividing 
cells. What happens is the delayed spindle formation i.e., dipole alignment and dielectrophoresis 
- these are the two principles, basic physical principles that occur at the subcellular level, and as 
such result in characteristic effects on the further cycle of the malignant cell (1,2).

The separation of the molecule into positive and negative charge refers to a dipole. Each 
charged molecule will oscillate to align itself properly parallel to the direction of the electric 
force vector to which it is exposed, under a uniform alternating electric field. These organelles 
are with the now disrupted function, that handle cytokinesis and mitosis by the application of 
localized electric fields. The geometry of the treated organ, the dielectric properties of the tissue 
and the distance between the arrays of transducers applied to the patient’s skin are some of 
the parameters that dictate the arrangement of the fields. Exactly because of these parameters 
TTFields are nonuniformly distributed within the treated region (3).
These devices can also be used in deeply found lesions, since the distance from the lesion to 
the array does not cause weakening of the fields. During the entire treatment TTFs-constantly, 
continuously deliver a fixed frequency, because electric fields have no half-life (1,2). 
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Figure 2. The alteration of the mitotic spindle during mitosis by TTFields that results in death.

TTFields: treatment method called tumor treating fields. Adopted from Zhang C, Du J, Xu W, Huang H, Gao L. The Value of 
Tumor Treating Fields in Glioblastoma. J Korean Neurosurg Soc. 

Figure 3. Mechanisms of TTFields.
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Summary of existing and potential mechanisms that have been discovered and proposed in recent years. A. Generation of cell 
cycle-specific effects; B. Reduction of cancer cell motility and angiogenesis; C. Increase in cancer cell membrane permeability; 
D. Increase in blood-brain barrier (BBB) permeability; E. Delay in DNA damage repair; F. Regulation of the anticancer immune 
response; G. Induction of resistance to TTFields. 
Wang M, Zhang C, Wang X, et al. Tumor-treating fields (TTFields)-based cocktail therapy: a novel blueprint for glioblastoma 
treatment. American Journal of Cancer Research. 2021 ;11(4):1069-1086.

Figure 4. Model for TTFields leading to mitotic disruption.

During mitosis, the Septin 2, 6, 7 complex is recruited to the Anaphase spindle midline and the cytokinetic cleavage furrow by 
Anillin, where it self-assembles into a fibrous lattice due to lateral interactions between parallel Septin filaments. By inducing 
rotational movement about the long axes of the parallel fibers, TTFields can inhibit the propagation of lattice formation by 
disrupting the ability of individual fibers to bind each other. In the absence of proper Septin function, contractile elements of 
the cytokinetic furrow are not restrained within the equatorial midline of the cell resulting in ectopic furrow malfunction that 
leads to violent membrane contractions at the onset of anaphase followed by aberrant mitotic exit. Mun EJ, Babiker HM, Wein-
berg U, Kirson ED, Von Hoff DD. Tumor-Treating Fields: A Fourth Modality in Cancer Treatment. Clin Cancer Res. 2018 Jan 
15;24(2):266-275. doi: 10.1158/1078-0432.CCR-17-1117. Epub 2017 Aug 1. PMID: 28765323.

Cellular effects of TTFs
The actual biological effects and impact at the cellular level are unknown and are currently 

being investigated and ongoing. Medium-frequency TTFields (100-300kHz), like alternating 
electric fields, were originally thought to have no effect on cells. The membrane depolarization 
of low-frequency fields (below 1kHz) and the heating effect of high-frequency fields (above 
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1MHz) are frequency-dependent biological effects that are mutually independent in alternating 
electric fields (2,9).

By cutting the normal random movement of tubulin subunits in the cytoplasm during 
metaphase, TTFields disrupt the normal process of polymerization of microtubules that form 
the mitotic spindle. This, in turn, leads to prolonged mitosis, metaphase arrest and ultimately 
cell death (1,2).

TTFs affect metaphase, anaphase and telophase phase in mitosis, resulting in apoptosis 
and cell cycle arrest in the body. Under the influence of frequencies from TTFs-, the formation 
of the mitotic spindle and the process of tubulin polymerization are limited. This event occurs 
during metaphase. The resulting changes lead to irregular segregation of chromosomes and 
caspase-dependent apoptosis of daughter cells. On the other hand, the defect of the septin 
protein complexes, which are influenced by TTFs, leads to a failure to stabilize the contractile 
apparatus, which causes aberrant mitotic exit to occur in anaphase. Abnormal chromosome 
segregation leading to aneuploidy in daughter cells or violent cytoplasmic blebs, are effects that 
occur towards the end of telophase, after which clonogenic potential is later reduced (1, 2).

Some molecules that are responsive to electric fields (large biological molecules such as 
certain proteins) are dipolar particles. Dipolar particles will move toward when placed within a 
nonuniform electric field under the area of a higher intensity field. Under exposure to TTFields, 
during cytokinesis, two daughter cells present an hourglass-like cell morphology and form an 
intracellular electric field with a higher furrow density. Polar macromolecules and organelles are 
moved to the narrow neck and separated from the newly formed daughter’s daughters, which we 
call dielectrophoresis, under the influence of the force of the non-uniform field (2,7).  

Some membrane-penetrating indicators, such as ethidium D, dextran-FITC and 
5-aminolevulinic (5-ALA), were found to increase the effect of TTFs of their uptake in the 
malignant GBM cells, but not in the normal cell lines. TTFields increase intracellular drug 
concentration and have the potential to treat drug-resistant cancer cells that overexpress 
ABC transporters, also the application of preoperative TTFields may help to delineate cancer 
boundaries and improve the surgical excision of GBM (2,9). 

As a result of a unique action, TTFs directly affects the permeability of the blood-brain 
barrier, as well as the permeability of the cell membrane of malignant cells. Thanks to these 
changes, the penetration of various therapeutic agents that are needed to enter the intracranial 
malignant GBM cells increases. Such a synergistic effect can increase and improve the effect of 
applied anticoagulant agents (4). 



38

Figure 5. TTFields affect normal spindle formation during metaphase.

Control cell (A), TTFields-treated cell (B). A and B are stained with phosphohistone 3 (marker for mitotic cells). C–G, Time-
lapse of treated cell showing membrane blebbing (arrows) during telophase. Red bar in G corresponds to 10mm. 2015 IEEE. 
Reprinted, with permission, from Wenger, C., et al. Modeling Tumor Treating Fields (TTFields) application in single cells during 
metaphase and telophase. Picture is adopted from Mun EJ, Babiker HM, Weinberg U, Kirson ED, Von Hoff DD. Tumor-Treating 
Fields: A Fourth Modality in Cancer Treatment. Clin Cancer Res. 2018 Jan 15;24(2):266-275. doi: 10.1158/1078-0432.CCR-17-
1117. Epub 2017 Aug 1. PMID: 28765323.
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Figure 6. Representative TTFields distribution dose maps. 

(a) Patient with both regression and local progression. (i) Baseline MRI. (ii) Baseline MRI with segmented baseline volumes: 
GTV (Gross Tumor Volume) (red) and 3mm PBZ around baseline tumor (yellow). (iii) Progression MRI. (iv) Progression MRI 
with segmented volumes: tumor to tumor (red), necrotic core (cyan), tumor to norm (green) and norm to norm (yellow). (v) 
TTFields dose density map with volumes contours overlaid. (b) Patient showed distant progression (marked with a white circle 
in the axial slice) and local regression. (i and ii) Baseline MRI. (iii) Baseline MRI with segmented baseline volumes: GTV (red), 
necrotic core (cyan) and 3mm PBZ around baseline tumor (yellow). (iv and v) Progression MRI. (vi) Progression MRI with seg-
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mented volumes: tumor to tumor (red), necrotic core (cyan), norm to norm (yellow), and tumor to norm (green). (vii) TTFields 
dose density map with volumes contours overlaid. (c) Patient with infratentorial progression. (i) Baseline MRI. (ii) Baseline 
MRI with segmented baseline volumes: GTV (red), resection cavity (cyan), and 3 mm PBZ around baseline tumor (yellow). (iii) 
Progression MRI. (iv) Progression MRI with segmented volumes: tumor to norm (green), norm to norm (yellow), normal to tu-
mor (red), and necrotic core (cyan). (v) TTFields dose density map with volumes contours overlaid. The image is adopted from 
Glas M, Ballo MT, Bomzon Z, Urman N, Levi S, Lavy-Shahaf G, Jeyapalan S, Sio TT, DeRose PM, Misch M, Taillibert S, Ram Z, 
Hottinger AF, Easaw J, Kim CY, Mohan S, Stupp R. The Impact of Tumor Treating Fields on Glioblastoma Progression Patterns. 

 
Methods of Application, Clinical Practice and Devices
Through unique transducer arrays, which are attached to the patient’s clean and dry skin, 

the right frequency is delivered from the TT fields to the affected region. The field-generator 
(NovoTTF System, Novocure Ltd.) may be connected to a portable battery (total weight 1.2kg) 
and is intended for continuous, home use (3).

The strings of the transducer, in patients with GBM, are placed on the head, while it is 
recommended to shave the skin of the scalp every 2-3 days, to achieve minimal resistance between 
the surfaces. The device must be constantly connected to the patient. According to the results of 
the conducted clinical trials, it was seen that the median average survival is significantly higher 
in patients who wore their device longer than 18 hours a day. That is why it is recommended 
that patients regularly keep their device with a full battery and active, and wear it for at least 18 
hours, with those exceptions that are needed to perform certain physiological activities (3). 

The placement of the treatment field, i.e., the transducer, has an individualized approach. For 
this purpose, a diagnostic MRI of the brain with contrast is used. This approach determines and 
specifies the exact location of the lesion, which increases the intensity of the field in the affected 
zone (3). To obtain an exact and precise plan through which the treatment will be carried out, 
the doctor who will lead the treatment uses treatment planning software (NovoTAL, Novocure 
Ltd.) which allows him cranial morphometric geometry. Through this software, the precise 
location of the tumor is obtained, and thus the personalized configuration of the transducer 
arrays is obtained (3).

                                             Figure 7. 				          	                  Figure 8.

Figure 7. Placement of arrays on patient’s shaved scalp. An array map used as guidance for best placement of transducer arrays 
based on tumor size and location. B. Transducer arrays attached to the device, Optune, are placed on patient’s body, for lung 
cancer (top) and ovarian cancer (bottom). Image is adopted from Mun EJ, Babiker HM, Weinberg U, Kirson ED, Von Hoff DD. 
Tumor-Treating Fields: A Fourth Modality in Cancer Treatment. Clin Cancer Res. 2018 Jan 15;24(2):266-275
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Figure 8. The Tumor Treating Fields (TTFields) device and transducer arrays. Top left panel: second generation (Gen 2) bat-
tery-operated field generator device, portable battery packs, plug-in power supply, tan transducer arrays, connection cables and 
box, and carrying case. Top right panel: Shows a patient* with glioblastoma during therapy, wearing the tan transducer arrays 
on his scalp. Bottom panels: 1. A hypoallergenic cover tape holds tan arrays in place on the scalp. 2. Transducer arrays deliver 
low intensity, intermediate frequency (200kHz) alternating electric fields and check the temperature of the scalp. 3. Conductive 
hydrogel layers (top) ensure separation between the arrays and skin, and the ceramic disks (beneath) send TTField. 4. Mid-pads 
mechanically stabilize the gel over the arrays. 5. An overlapping liner covers the gel and cover tape. 6. A cable connects array 
to the connection box. The image is adopted from Lacouture ME, Anadkat MJ, Ballo MT, Iwamoto F, Jeyapalan SA, La Rocca 
RV, Schwartz M, Serventi JN, Glas M. Prevention and Management of Dermatologic Adverse Events Associated with Tumor 
Treating Fields in Patients with Glioblastoma.

Adverse Effects and Toxicity Profile
TTF therapy is a unique modality, according to the method of application, the mechanism 

of implementation of the treatment itself and the typical localized effect, and almost does not 
give more serious side effects. Among the most common side effects, according to the very 
wearing of the product, are those that affect the skin. Including irritant contact dermatitis, mild 
to moderate allergic dermatitis, folliculitis and in rare cases erosions. No high-grade systemic 
toxicity has been related to TTFs. The occurrence of side effects of this type is between 16-43%. 
It must be emphasized that the rate of occurrence of side effects was more represented in patients 
with recurrence. It is considered that the average time in which the appearance of side effects 
would be expected ranges between 2 to 6 weeks from the start of treatment. Treatment options 
for side effects depend on the presenting event. Corticosteroid creams, isolation of the affected 
skin surface, local and oral antibiotics in more severe conditions are generally used (1,18, 21).

Figure 9. Skin toxicities occurred due to TTF therapy from one patient who was enrolled in the EF-14 trial.

All images are from the same patient with different scalp lesions at various times during his TTF treatment course. (A) Example 
of scalp rash with ulcer, 512 days after TTF initiation; (B) accidental scalp skin tear while array was removed, initial stage, 184 
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days after TTF initiation; (C) improved scalp skin tear after avoiding any contact of the area, 188 days after TTF initiation; (D) 
scalp skin tear is resolved and multiple contact dermatitis rash visible, 462 days after TTF initiation; (E) TTF array placement 
avoiding skin wound, 370 days after TTF initiation; (F) scalp scab and healed scalp skin tear and rashes, 462 days after TTF ini-
tiation. TTF, tumor treating fields; TMZ, temozolomide; GBM, glioblastoma; BEV, bevacizumab. Image is adopted from Zhu P, 
Zhu JJ. Tumor treating fields: a novel and effective therapy for glioblastoma: mechanism, efficacy, safety and future perspectives. 
Chin Clin Oncol. 2017 Aug;6(4):41. doi:

The Future of TTFs and the Technologies that Follow
To expand its range of use and further include this treatment modality in other types of solid 

tumors and in many other locations, is the future of TTFs (Tumor Treating Fields) as a unique 
treatment choice. In many solid tumors, TTFs are in the phase of preclinical studies. Attempts 
to implement this treatment modality have particularly attracted attention in the treatment 
of mesotheliomas and small cell lung cancer. Other sites that are in the phase of preclinical 
research are: gastric, cervical, breast, colorectal, renal, urinary transitional cell, hepatocellular 
and malignant melanoma (3). Despite all efforts and treatments, patients with glioblastoma 
multiforme, due to their extremely aggressive nature, experience disease progression and death, 
despite treatment with TTFs. Therefore, to increase the efficiency of this new treatment modality, 
both in patients with GBMs and other localizations, it is necessary to deepen and continue 
further clinical research (3).

Conclusion
Since 2005, despite all efforts and all kinds of attempts, there have been insignificant 

advancements in GBM therapy. Despite tries to escalate the dose or increase fractions of radiation 
treatment, many years in researching the effect of targeted molecular inhibitors, researching the 
effect of immunotherapy, have not shown any benefit in increasing survival (10,11).

A series of studies and clinical trials show the effect of the TTF modality. During the 
analysis of the EF11 and EF14 studies, positive effects were especially seen in patients with 
recurrent disease where the application of TTF was prescribed as an alternative to chemotherapy 
treatment; while in patients with newly diagnosed disease, the TTF modality was prescribed as 
an adjuvant treatment. What particularly stands out and is interesting is the data obtained from 
the EF14 study, in which there is an improvement in the median survival time in those patients 
treated with the TTF modality (20.9) months, compared to the group of patients treated with 
TMZ (16.4) months (10,11).

In the treatment of malignant tumors, TTF is included as an additional unique non-
invasive new therapeutic modality. What makes this treatment modality unique is the selective 
destruction of malignant cells, which have a high proliferative index (1).

Another additional benefit of this treatment modality is that unlike systemic therapy, i.e., 
chemotherapy, the delivery of the TTF effect is localized; that is, targeted at the level of the 
tumor lesion itself, which significantly reduces the likelihood of developing systemic side effects. 
It is necessary to point out that, depending on the type of malignant tumor, the best required 
frequency can be modified and adjusted, which will supply the maximum antimitotic, that is, 
anticancer effect (3).
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As a result of several clinical and preclinical researches, the inclusion of the TTF treatment 
modality to the earlier traditional three modality treatment for patients with glioblastoma 
multiforme is considered to become a standardized treatment, i.e., according to the novel 
approach, four modalities are used for newly diagnosed or recurrent patients with GBM modality 
treatment, i.e., cocktail-based therapy. This approach of joint treatments is the best strategy for 
solid, so-called “cold” tumors (4). 
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Abstract
On two subsamples, 50 male students with lordotic poor posture and 50 male students with 

normal body status aged 7 years, 13 anthropometric manifest variables and 14 motor manifest 
variables have been applied. The results were processed with the basic statistical parameters, 
separately for the anthropometric manifest variables and separately for the motor manifest 
variables. The obtained results of the research showed that no statistically significant difference 
has been determined in the anthropometric space between the two groups of respondents. The 
motor domain showed that the groups differed from each other at the 0.05 level. The biggest 
contribution to that difference was shown by three motor tests. According to the results of the 
research, it has been established that complexes of exercises can be programmed in a preventive 
and corrective sense for students with poor lordotic posture in order to improve their motor 
skills.

Key Words: anthropometric measures, basic descriptive statistical parameters, lordotic 
poor posture, motor tests, normal posture, students.

INTRODUCTION
With the development of science and technology, we have witnessed a change in the 

lifestyle and overall life contents. Achievements that directly facilitate our work at the workplace, 
transportation from home to work, the organization of free time, the way of relaxation, rest and 
recovery, affect certain changes of our locomotor apparatus, especially the physical status.

Computerization and automation in all spheres nowadays lead to reduced movement, 
i.e. hypokinesia, which is one of the primary prerequisites for the occurrence of poor posture, 
and thus spinal disorders. In addition, bad habits, incorrect body posture, incorrect sitting, 
inadequacy of school desks, school chairs and the excessive weight of the school bag, affect the 
appearance of various forms and a growing number of postural disorders.

The correct postural position takes its place less and less in children’s daily activities. 
Improper sitting, standing, inadequate sleeping mattresses, various forms of movement 
activities, as well as certain endogenous factors, systematically act on the spinal column causing 
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loads that often exceed the tolerance zone of the soft tissues of the spine, not realizing a greater 
load, but with cumulative action through repetition and long-term positions and movements, 
tissues experience certain deformations in terms of their morphology and function. There is a 
shortening or weakening of certain muscles, which by itself leads to muscle imbalance, which is 
the main reason for the appearance and development of bad postures, that is, body deformities.

The main motive for carrying out this research is the need to determine if there is a difference 
between the prevalence of poor body postures among the first-grade students, a young age at 
which preventive and corrective action can be taken.

The results that will be obtained from this research and the procedures that will be applied in 
it, can represent a modest contribution for undertaking further researches with similar research 
objectives, with larger samples of different age and gender of respondents, by treating more 
types of bad body postures, with the application of similar and other multivariate statistical 
methods, for processing data from such surveys.

METHODS
The population from which the sample is drawn is defined as the population of elementary 

school students (the first grade), who are approximately chronologically 7 years old. Any male 
student could enter the sample. The number of students who participated in the research is 100.

The following anthropometric measures were used to determine the manifest and latent 
anthropometric dimensions:
1. Body height,
2. Length of a leg,
3. Length of an arm,
4. Shoulder width,
5. Pelvic width,
6. Hip width,
7. Body weight,
8. Average chest circumference,
9. Circumference of the outstretched upper arm,
10. Upper thigh circumference,
11. Skin fold on the upper arm,
12. Leather fold on the back,
13. Abdominal skin fold.
The following tests were used to determine the manifest and estimate the latent motor dimensions:
1. Tests for estimating the factor-explosive force,
2. Tests for assessing the balance factor (balancing),
3. Tests for estimating the factor-frequency of the movements,
4. Tests for assessing the coordination factor,
5. Tests for assessing the flexibility factor,
6. Tests for assessing the factor - general strength.
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The measurements were performed in the morning hours in the physical education 
classrooms, and lasted for three weeks (10 students each day). After the group of 2-3 students 
entered the gym, barefoot and only in sports jerseys, the anthropometric points on the spine of 
each of them are marked with a demography. Then, the spinal curvature in the sagittal plane 
was measured for each subject individually from a standing position in a normal upright body 
position with the help of the spinal mouse.

The basic descriptive statistical parameters were calculated.

RESULTS AND DISCUSSION
Table 1. Basic statistical parameters of anthropometric measures for the group of students with normal body posture.

Variables Mean Min. Max. SD. S t d .
Err Skew. Kurt. KS. p

AMT 27,87 17,00 53,70 6,77 0,96 1,63 3,65 1,026 0,243

 AVT 126,86 113,40 139,40 6,20 0,88 -0,13 -0,25 0,552 0,921

 ADN 69,68 60,50 77,80 4,07 0,58 0,02 -0,27 0,584 0,885

 ADR 53,15 46,60 58,50 2,51 0,36 -0,24 0,52 0,672 0,757

 ABR 29,34 25,30 33,60 1,65 0,23 0,24 0,38 0,431 0,992

 ASKA 21,05 18,00 25,50 1,66 0,23 0,66 0,38 0,883 0,416

 ASKO 22,04 18,20 28,00 1,81 0,26 0,80 1,43 0,801 0,543

 AOGN 60,26 50,50 84,20 5,73 0,81 1,86 5,38 1,039 0,231

 AOIN 17,47 13,60 26,20 2,54 0,36 1,54 2,25 1,796 0,003

 AON 33,60 26,00 45,20 4,12 0,58 0,89 0,94 1,042 0,227

 ANN 11,02 5,00 36,00 5,71 0,81 2,56 8,13 1,448 0,30

 ANG 9,95 2,60 36,40 7,30 1,03 2,30 5,51 1,779 0,004

 ANS 10,44 2,80 38,00 7,93 1,12 1,99 4,10 1,568 0,015

The results in Table 1, which present the results for the group of subjects with normal body 
posture, range within the usual values ​​of the anthropometric measures that refer to the treated 
age of this research. In fact, they are similar, and this applies to all calculated basic statistical 
parameters (Mean, Minimum, Maximum, Std.Dev., Std.Err., Skewness and Kurtosis).
It can be seen that out of all 13 anthrop ometric measures in the group of respondents with 
normal body posture, only 4 anthropometric measures differ statistically significantly from the 
normal distribution of their results.
Those variables are “Shoulder Width” (ABR) with a value of the Kolmogorov-Smirnov test, 1.751 
and a value of the statistical significance of the difference 0.004; “Back skinfold” (ANG) with a 
Kolmogorov-Smirnov test value of 1.524 and a statistical significance value of the difference of 
0.019; “Abdominal skin fold” with a Kolmogorov-Smirnov test value of 1.410 and a statistical 
significance value of the difference of 0.037. One of these variables “Shoulder Width” (ABR) 
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is statistically significantly different at the 0.01 level. This means that this variable deviates the 
most from the normal distribution of its results.

Table 2. Basic statistical parameters of the anthropometric measures for the group of students 
with lordotic poor posture.

Variables Mean Min. Max. SD Std.Err Skew. Kurt. KS p

AMT 25,71 17,90 45,70 6,47 0,92 1,35 1,74 1,144 0,146

AVT 123,58 106,20 140,30 6,69 0,95 0,31 0,99 0,702 0,708

ADN 66,55 51,60 78,50 4,80 0,68 -0,21 1,38 0,589 0,878

ADR 51,65 44,50 59,00 2,95 0,42 -0,09 0,20 0,658 0,904

ABR 28,42 25,10 50,10 3,53 0,50 4,87 29,66 1,751 0,004

ASKA 20,55 17,70 24,20 1,58 0,22 0,61 0,23 0,975 0,298

ASKO 21,30 15,00 25,80 1,95 0,28 -0,08 1,59 0,986 0,286

AOGN 58,32 51,80 78,00 5,61 0,79 1,73 3,28 1,225 0,099

AOIN 16,87 13,00 24,20 2,45 0,35 0,99 0,80 0,871 0,434

AON 33,46 26,20 45,00 4,19 0,59 0,73 0,35 0,677 0,748

ANN 10,65 5,20 28,20 4,53 0,64 1,61 3,49 1,314 0,053

ANG 8,73 4,20 25,00 4,52 0,64 1,52 2,41 1,524 0,019

ANS 9,80 3,40 22,20 6,23 0,88 0,83 0,76 1,410 0,037

The results in Table 2, which present the results for the group of respondents with poor lordotic 
posture, are within the usual values ​​of the anthropometric measures that refer to the treated 
age of this research. In fact, they are similar, and this applies to all calculated basic statistical 
parameters (Mean, Minimum, Std.Dev., Std.Err., Skewness and Kurtosis).
It can be seen that out of all 13 applied anthropometric measures in the group of respondents 
with lordotic poor posture, only 3 anthropometric measures statistically significantly differ from 
the normal distribution of their results.
Those variables are “Shoulder Width” (ABR) with a Kolmogorov-Smirnov test value of 1.751 
and a value of statistical significance of the difference of 0.004; “Back skin fold” (ANG) with a 
Kolmogorov-Smirnov value of 1.524 and a statistical significance value of the difference of 0.019; 
“Abdominal Skinfold” (ANS) with a Kolmogorov-Smirnov test value of 1.410 and a statistical 
significance value of the difference of 0.037. One of these variables “Shoulder Width” (ABR) is 
statistically significantly different at the 0.01 level. It means that this variable deviates the most 
from the normal distribution of the results.
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Table 3. Basic statistical parameters of motor tests for the group of students with normal body posture.

Variables Mean Min. Max. SD Std.Err. Skew. Kurt. KS p
MT20M 4,96 3,97 6,78 0,06 0,09 0,33 -0,52 0,755 0,618
MSVMD 178,86 158,00 193,00 8,84 1,25 -0,12 -0,52 0,486 0,972
MSDM 103,00 65,00 140,00 17,99 2,54 -0,07 -0,80 0,903 0,389
MFM 2,22 1,00 3,40 0,57 0,08 0,23 -0,54 0,826 0,502
MPZO 3,81 1,20 14,20 2,19 0,31 2,41 9,36 1,087 0,188
MPOO 2,77 1,00 9,40 1,59 2,23 2,21 6,09 1,318 0,062
MTARP 17,82 13,00 23,00 2,80 2,40 0,30 -1,15 1,096 0,181
MTAPN 15,66 4,00 20,00 2,60 0,37 -1,56 7,20 1,130 0,156
MON 32,27 25,62 43,60 3,49 0,50 0,60 0,92 0,580 0,889
MPK 36,02 23,00 52,00 5,90 0,83 -0,23 0,24 0,802 0,541
MPPL 21,32 3,00 55,00 10,23 1,45 1,77 3,89 1,377 0,045
Variables Mean Min. Max. SD Std.Err Skew. Kurt. KS p
MHISS 22,41 14,64 37,04 5,50 0,78 0,96 0,61 0,855 0,458
MIGF 16,07 6,70 26,70 4,28 0,61 0,13 -0,05 0,499 0,965
MIKF 3,94 1,50 6,80 1,33 0,19 0,31 -0,66 0,609 0,853

The results in Table 3, which present the results for the group of respondents with normal body 
posture, range in the usual values of the motor tests related to the treated age of this research. 
In fact, they are similar and this applies to all calculated basic statistical parameters (Mean, 
Minimum, Maximum, Std.Dev., Std.Err., Skewness and Kurtosis).
It is visible that of all 14 applied motor tests in the group of subjects with normal body posture, it 
does not differ statistically significantly, that is, it does not deviate from the normal distribution 
of its results.

Table 4. Basic statistical parameters of the motor tests for the group of students with lordotic poor posture.

Variables Mean Min. Max. SD Std.Err Skew. Kurt. KS p

MT20M 5,13 4,06 7,28 0,59 0,08 1,18 2,43 0,901 0,391

MSVMD 172,88 141,00 194,00 10,01 1,42 -0,13 1,10 0,816 0,518

MSDM 102,50 55,00 135,00 18,22 2,58 -0,52 -0,23 0,887 0,411

MFM 1,98 1,10 3,50 0,46 0,07 0,54 1,42 0,963 0,312

MPZO 5,07 1,40 11,60 2,86 0,40 0,79 -0,40 1,037 0,232

MPOO 2,76 0,90 6,60 1,45 0,20 1,16 0,55 1,376 0,045

MTARP 18,00 11,00 30,00 3,70 0,52 0,81 1,22 1,035 0,234

MTAPN 16,24 11,00 25,00 2,96 0,42 0,88 1,72 0,980 0,292

MON 32,79 25,55 42,53 3,62 0,51 0,53 0.64 0,862 0,447

Variables Mean Min. Max. SD Std.Err Skew. Kurt. KS p

MPK 36,58 19,00 50,00 6,27 0,89 -0,45 0,68 0,994 0,227
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MPPL 19,42 10,00 70,00 9,66 1,37 3,70 16,91 1,801 0,003

MHISS 22,14 13,18 30,72 3,99 0,56 -0,12 -0,27 0,474 0,978

MIGF 13,36 3,00 24,70 4,35 0,62 0,23 0,41 0,876 0,427

MIKF 2,82 1,00 5,40 1,29 0,18 0,36 -1,01 0,751 0,625

The results in Table 4, which presents the results for the group of subjects with lordotic poor 
posture, range in the usual values of the motor tests that refer to the treated age of this. In fact, 
they are similar and this applies to all calculated basic statistical parameters (Mean, Minimum, 
Maximum, Std.Dev., Std.Err., Skewness and Kurtosis).
It can be seen that out of all 14 applied motor tests in the group of subjects with lordotic poor 
posture, only one motor test statistically significantly differs from the normal distribution of its 
results.
That variable is “Preslope to Floor” (MPPL) with a Kolmogorov-Smirnov test value of 1.801 
and a statistical significance value of the difference of 0.003. They are statistically significantly 
different at the 0.01 level. This means that this variable deviates the most from the normal 
distribution of its results.

CONCLUSION
Based on the obtained research results, it is possible to draw several conclusions. Among 

them are the following:
1.	 The basic statistical indicators for the values ​​of the anthropometric variables for the group 

of respondents with normal body posture are similar to the other group.
2.	 The respondents in whom lordotic poor posture was determined in this research are 

characterized by values ​​of the basic statistical parameters, that are to a certain extent 
compatible with the values ​​of the respondents that have been analyzed in some researches 
from different researches carried out in our environment and in other regions.

3.	 The two groups of subjects in the results of all the treated motor tests, whereby the motor 
abilities are estimated, differ statistically significantly at the level of 0.01, and the possibility 
of being ranked at that level in some tests has been determined.

4.	 The best results in the MICF and MIGF tests for assessing static strength were achieved 
by subjects with normal body posture, and subjects with poor lordotic posture were in the 
second place.

5.	 It would be especially desirable and necessary to apply preventive and corrective exercise 
complexes with special dosing methods to children from the youngest age in primary 
schools.
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ABSTRACT
Introduction: Preeclampsia is a complex disease that occurs in 5-7% of the entire 

population. Preeclampsia is an important cause of maternal and perinatal mortality. The etiology 
of preeclampsia is unknown, but recent research suggests that these disorders originate in the 
placenta and are characterized by extensive maternal endothelial dysfunction. This leads to 
inadequate blood supplementation and oxidative stress. Placental factors such as soluble fms-like 
tyrosine kinase-1 (sFlt-1) and soluble receptor for vascular endothelial growth factor (VEGF), 
are released into the maternal circulation, where they stimulate the inflammatory response and 
endothelial dysfunction.

Objective: To demonstrate the possibility of preventing severe preeclampsia in the same 
patient by determining the ratio of angiogenic factors sFlt-1/ PLGF. With early detection of 
angiogenic factors, the patient is monitored more closely when the growth of angiogenic factors 
begins without clinical manifest symptoms and timely termination of pregnancy in the interest 
of the patient’s health.

Case Report: Monitor the clinical form of preeclampsia in a patient in her two pregnancies. 
In the first pregnancy, the patient develops the most severe form of preeclampsia (Eclampsia and 
HELLP Syndrome) at 29.1 weeks gestation.

The postpartum patient is in serious condition with a stay in the Intensive Care Unit. During 
the first pregnancy, in 2014, angiogenic factors were not examined.

In the second pregnancy, 2020/ 2021, in the second trimester (in the 24th week of gestation), 
the angiogenic factors are started to be examined. Along with the ultrasound examination and 
measurement of the mean arterial pressure, the danger of developing severe preeclampsia is 
detected early in pregnancy and with careful monitoring of the patient it ends in time before the 
patient’s health is seriously endangered.

Conclusion: Preeclampsia is a unique health condition that occurs only in pregnancy and 
that can seriously endanger the health of both mother and fetus. With the development of med-
icine, many tests are being developed that try to diagnose the occurrence of preeclampsia very 
early. Recent studies of angiogenic factors and the correlation between sFlt-1/ PLGF have been 
shown to be sensitive in predicting preeclampsia, as well as in patient’s case studies.

Key Words: angiogenic factors, monitoring, preeclampsia, prematurity.

CASE REPORT UDK:  618.3-06:616.8-009.24
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Introduction
Preeclampsia is a complex disease that occurs in 5-7% of the entire population. However, 

geographical, social and racial differences affect the incidence of the outbreak. In some popula-
tions the incidence is three times higher. Preeclampsia is associated with a fivefold increase in 
mortality in developing countries (1,2).

Preeclampsia is an important cause of maternal and perinatal mortality (2).
The etiology of preeclampsia is unknown, but recent research suggests that these disorders 

originate in the placenta and are characterized by extensive maternal endothelial dysfunction.
The main causes of the pathogenesis of preeclampsia are hypoperfusion, hypoxia, ischemia. 

They lead to the release of inflammatory factors from the placenta into the maternal circulation. 
These factors cause maternal endothelial dysfunction and systemic symptoms of preeclampsia 
(3,4).

It is presented clinically in the second half of the pregnancy and is defined as an increase 
in blood pressure (above 140/90mmHg twice in a period of 6 hours) and proteinuria (> 300mg/
dl/ 24h) after the twentieth week of gestation in previously normotensive patients (5). It is often 
associated with the occurrence of cardiovascular disease, obesity, renal impairment and diabetes 
in adults.

Multiple risk factors increase the risk of developing preeclampsia such as obesity, insulin 
resistance and hyperlipidemia. They stimulate the release of inflammatory cytokines and togeth-
er with oxidative stress, lead to endothelial dysfunction. Although the etiology is unknown, the 
major pathophysiological factor is endothelial dysfunction.

Factors causing endothelial dysfunction include: poor placental vascular remodeling and 
placental ischemia, oxidative stress, excessive inflammation, imbalance of antigenic factors, and 
loss of endogenous protective regulators.

Placental factors such as soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble receptor 
for vascular endothelial growth factor (VEGF) are released into the maternal circulation, where 
they stimulate the inflammatory response and endothelial dysfunction (5,7,8).

Preeclampsia can also develop in patients with normal placenta and are prone to systemic 
inflammation, such as patients with chronic cardiovascular disease or diabetes (5).

Eclampsia is a rare, but very serious complication when high blood pressure causes seizures 
during pregnancy. Seizures are a period of impaired brain activity that can manifest with stiff 
eyes, impaired consciousness and convulsions, and can occur in a coma, in the period after 20 
weeks of gestation until the period of the puerperium (10,11).

HELLP Syndrome is a disorder of the liver and blood that can be fatal if left untreated. It 
is an acronym for three major abnormalities in laboratory tests: Hemolysis, EL-elevated Liv-
er enzymes, LP-low platelet count (hemolysis, enlarged liver enzymes, and thrombocytopenia) 
(5,7,9).

Hemolysis results in anemia, which results in less oxygen being carried throughout the 
body. Elevated liver enzymes indicate impaired liver function. Decreased platelet levels lead 
to an increased risk of excessive bleeding. It occurs in less than 1% of pregnancies, but can be 
life-threatening for both mother and baby (10,11).
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Purpose
To show the possibility of preventing a severe form of preeclampsia in the same patient, 

by determining the ratio of angiogenic factors sFlt-1/ PLGF. With early detection of angiogenic 
factors, the patient is monitored more closely and more closely when the growth of angiogenic 
factors begins without clinical manifest symptoms and termination of pregnancy in the interest 
of the patient’s health.

Case Report:
In this paper we describe a patient who in both pregnancies, very early, in a small gestation-

al week develops a clinical picture of severe preeclampsia.
The first pregnancy is in 2014. She was hospitalized at the University Clinic for Gynecology 

and Obstetrics in 29.1 AD. with a diagnosis of hypertension in pregnancy and signs of preterm 
delivery.

The patient was hospitalized at the clinic due to hypertension (140/90mmHg) which at first 
appeared a few days before hospitalization, but without subjective complaints.

From laboratory tests there is a deviation in uric acid which was increased (584umol/L), 
increased LDH value (432.1U/L), qualitative value of proteinuria +++, and quantitatively 1.9g/L 
and mild hypoproteinemia.

Fetal lung maturation with amp. Flosteron 14mg/24h/ II doses. In the next two days the 
patient was in stable condition without subjective complaints. Consecutive nephrologist called 
due to increase in blood pressure (up to 180/120mmHg) and ophthalmologist on 15.07.2014. 
Nephrological findings: Increased dose of antihypertensive and a second introduction. Th: tabl. 
Methyldopa 4x500mg; tabl. Cordipin R 2x20 mg and vigilant monitoring. Ophthalmic findings: 
Fundus hypertonicus gr. I / II.

Laboratory findings from 15.07.2014: Uric acid 499umol/L; LDH 640.6U/L. Other findings 
in reference values.

At 1 pm on 15.07.2014, the patient was found in bed, in a supine position, in a cramped 
body position. The patient was transferred to the Intensive Care Unit where anticonvulsant ther-
apy was prescribed (sol. MgSO4 4g IV, then 1.5g/h) and antihypertensive therapy.

The patient after the eclamptic attack at the Department of Pathological Pregnancy is not con-
scious, placed airway. TA at 140/85mmHg, but later until blood pressure rises to 180/130mmHg. 
Ordinary amp. Embrantyl a 10mg/ IV on three occasions, amp. Enap 1.25mg/IV, tabl. Cordip-
inR 2x20mg and tabl. Methyldopa 4x500mg. Magnesia maintained above 2mmol/L. She is sed-
entary all the time.

On 16.07.2014, the morning laboratory with signs for HELLP Sy. Hgb=121g/L; Plt=37x109, 
Uric acid 523umol/L; CRP=47.5mg/L; LDH=2258.4U/L; AST=507.8U/L; ALT=319.1U/L. Due 
to the deterioration of the clinical picture and laboratory tests, it was decided to terminate the 
pregnancy with an emergency caesarean section. A live male preterm was obtained with RT-
M=1040g/33cm and AS=4/5. The operational flow went smoothly. Postoperatively, the condi-
tion gradually stabilizes.
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Postoperatively prescribed antihypertensive therapy (tabl. Methyldopa 4x500mg; tabl. 
Cordipin R 2x20mg, tabl. Vasoflex 2x5mg), bronchodilator (amp. Aminophylline 2x125mg/ 
iv), anticonvulsant (MgSO4 1.5, 2x40mg), diuretic (amp. Lasix 3x10mg/ iv), corticosteroid 
(amp. Dexamethason 2x8mg), antianemic, dual antibiotic (amp. Lendacin 2g/24h/ iv; solEflo-
ran 3x0,5L/ iv), then ampotemral 2x (amp. Syntocinon 3x10ie/ iv) and replacement therapy 
(14 fresh frozen plasmas, 3 x Albumin 20% 50ml, 10 doses of cryoprecipitate). On 20.07.2014, 
fourth postoperative day platelets increased by 129x109, and uric acid and LDH decreased 
(UA=443umol/L, LDH=799U/L).

The patient in a much-improved condition was discharged from the clinic on 24.07.2014, 
on the eighth postoperative day. The premature newborn after 53 days of stay at the Department 
of Intensive Care and Therapy for premature babies was registered on 07.09.2014 with weight 
of 1840g.

On December 3, 2020, she reappears at the Clinic for Gynecology and Obstetrics, in the 
22nd gestational week of pregnancy for screening in the second trimester. The patient in stable 
general condition, with regulated blood pressure using tabl. Methyldopa 2x250mg. From the 
first trimester of pregnancy (12 weeks of gestation), a family gynecologist has prescribed tabl. 
cardiopirin a 100mg, knowing the severe clinical picture of the previous pregnancy. The ultra-
sound examination showed that the fetus lags behind in growth for a week and that the placenta 
is inhomogeneous and with calcifications. 
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Due to the predisposition for the occurrence of preeclampsia, the patient is called for 2 
weeks for examination of angiogenic factors and ultrasound control.

Angiogenic factors play an important role in the pathogenesis of preeclampsia. Increased 
expression of soluble fms-like tyrosine kinase-1 (sFlt1), with decreased placental growth factor 
(PLGF), are the first predictors of preeclampsia. Тhe correlation  between sFlt1 / PLGF should 
be determined. If the ratio is <38 it excludes preeclampsia for a week. If the ratio is> 38, it con-
firms preeclampsia within 4 weeks. If it is over 85, it is confirmed preeclampsia and its further 
management should be considered.

The control determined that the patient is in 24 weeks of gestation, and the fetus is 2 weeks 
behind in growth, the placenta is inhomogeneous, and the umbilical artery Doppler is a tidy, 
present notch on the uterine artery. The ratio of angiogenic factors is 338.

From the laboratory analyzes there is a weak presence of protein in the urine, increased val-
ue of CRP=15.4mg/L and partially activated partial time 22.2. The patient begins anticoagulant 
therapy with amp. Clexane 1x40mg. TA=130/75mmHg.

The patient is still in stable condition and is scheduled for re-examination after 1 week.
On 24.12.2020 the ratio of angiogenic factors is 473.55; Ultrasound finding: The patient is 

at 25 weeks gestation. The fetus lags behind in growth by 2 weeks (fetal weight 492g), neat fetal 
movements, absent flow in umbilical artery Doppler diastole, acute proteinuria, and CRP value 
remain the same. Blood pressure with the prescribed therapy in reference values.

Next week on 30.12.2020 the ratio of angiogenic factors is 397.67, the value of CRP=13.0mg/L, 
there is proteinuria of 500mg/ 24 hours, ultrasound delay of fetal growth 3 weeks, absent flow 
in the diastole of the umbilical artery, inhomogeneous plant, normal amount of amniotic fluid. 
The patient has no subjective complaints, is normotensive and a recommendation is given for 
careful monitoring of the condition and at the first sign to immediately call our hospital for 
hospitalization.

On 04.01.2021 the patient was hospitalized in the Department of Peripartum Intensive 
Care at the Clinic for Gynecology and Obstetrics with Dg: Graviditas ml VII (26gn Preeclamp-
sia recurrence, Pr. Caudae, IUGR, AEDF, St. post SC aa VI, Insuffit) due to slight deterioration 
of laboratory tests and persistence of a high ratio of angiogenic factors. The value of the ratio 
of angiogenic factors is 375.8; proteinuria 800mg/ 24 hours, CRP value=23mg/L, impaired he-
mostasis factors (activated partial time 18.7, D-dimers 17002) despite prescribed anticoagulant 
therapy. After hospitalization, therapy for fetal lung maturation (amp. Flosteron 14mg/ 24h/ II 
doses), anticonvulsant therapy (sol. MgSO4 1g/h), antihypertensive therapy (tabl. Methyldopa 
4x250mg) and anticoagulant therapy (ampoxx) C therapy are included. 

In the following days, the patient’s condition is monitored.
On January 8, 2021, the ratio of angiogenic factors is 382.67. Blood pressure ranges up to 

145/90mmHg.
On 11.01.2021 due to deterioration of both the clinical picture and laboratory parameters 

(angiogenic factors 426,27) and the ultrasound finding (reverse flow of the umbilical artery 
flow), the factors of hemostasis with the same values ​​of the activated partial time, but with re-
duced D-dimers - 1866, decided to terminate the pregnancy.
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Dynamics of the movement of the values of angiogenic factors.

Reverse flow of a.umbilicalis
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On January 12, 2021, a live male fetus was delivered by caesarean section with RTM=520g/ 
28cm and AS=7/7. Operative and postoperative course in order. The second postoperative day 
has a significant decrease in angiogenic factors = 56.66. It is substituted with 1 fresh frozen plas-
ma. Hemostasis factors postoperatively were in reference values.

Unfortunately, on the ninth postoperative day, exitus letalis occurred in the newborn.
The mother was discharged the fourth postoperative day in good general condition.
From here we can see the significance of the prediction of preeclampsia. In the second preg-

nancy, with the early detection of the correlation of angiogenic factors, the risk of preeclamp-
sia can be detected in time, the patient should be hospitalized and the pregnancy should be 
completed before the patient develops the most severe form of preeclampsia. The postoperative 
course of the second pregnancy was shorter and easier than the first.

Discussion
Preeclampsia is a serious disorder of unknown etiology. The patient, who is normotensive 

outside of pregnancy, develops preeclampsia in pregnancy. The only cure for preeclampsia is 
childbirth. It is difficult to estimate the ideal time to give birth - not to endanger the mother, and 
not to take the fetus out of the mother’s womb too soon. Therefore, the tests that are done allow 
us to diagnose preeclampsia in time and to avoid the most severe complications such as Eclamp-
sia and HELLP Syndrome. The patient in the first pregnancy develops severe preeclampsia and 
HELLP Syndrome, and is in clinically a very severe condition. In the second pregnancy, which 
is closely monitored, the occurrence of preeclampsia is diagnosed in time and intervened (she 
gave birth) before the onset of eclampsia. The patient is in stable condition and leaves the clinic 
after a short hospitalization.

Angiogenic factors are useful in the diagnosis of preeclampsia when the symptoms are still 
uncharacteristic, atypical. They distinguish cases of preeclampsia from cases of hypertension 
caused by another etiology, as existing hypertension caused by renal impairment. The height of 
the angiogenic factors correlates with the severity of the clinical picture and allows us to prevent 
pregnancy complications such as intrauterine fetal growth retardation and placental abruption.

SFlt-1 levels rise very early with the onset of preeclampsia and intrauterine growth retar-
dation, and PLGF levels are lower before the onset of symptoms. Ultrasound examination and 
the sFlt-1/ PLGF ratio proved to be a solid predictor of the occurrence of preeclampsia and the 
prevention of its severe complications (1,4).

Conclusion
Preeclampsia is a unique health condition that occurs only in pregnancy and that can seri-

ously endanger the health of both mother and fetus. With the development of medicine, many 
tests are being developed that try to diagnose the occurrence of preeclampsia very early. Recent 
studies of angiogenic factors and the correlation between sFlt-1/ PLGF have been shown to be 
sensitive in predicting preeclampsia, as well as in patients’ case studies.
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Preeclampsia is a multisystem disorder, based on a cascade of immune events originating 
from an ischemic bed. Identification of inflammatory markers in the first trimester will contrib-
ute to a better understanding of the pathophysiology of preeclampsia and give us clinically valid 
screening procedures for better management of this disorder. Early identification of high-risk 
cases will offer the possibility of prophylactic therapy, which will improve the perinatal outcome.

In recent years, several pathogenetic mechanisms have been discovered that explain the 
occurrence of preeclampsia. But the initial developments are still not well known. It has recent-
ly been discovered that excessive circulation of antiangiogenic factors contributes to placental 
damage and maternal manifestations of preeclampsia. Further research in the pathophysiology 
of preeclampsia allows us to develop new possibilities in its treatment.
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ABSTRACT
Introduction: COVID-19 disease is a disease related to many complications, some of them 

are life threatening. Venous thromboembolism is one of the cardiovascular causes (the third in 
mortality in the group of cardiovascular diseases), which can lead to serious morbidity and even 
mortality.

Aim: To present the fact that a quality anticoagulation therapy is not always a 100 percent 
safe mechanism of dealing with VTE.

Case Report: This case report is about a patient which was presented with a clinical 
condition related to COVID-19 bilateral bronchopneumonia. As such, she was treated with all 
the necessary medications, but after a VTE occurred as one of the complications, we had to 
upgrade the doses of anticoagulation to a therapeutic status. The CT angiography showing lobar 
and subsegmental pulmonary embolism was the gold standard to confirm the diagnosis. The 
effect of the LWMH which was used for the VTE was controlled by measuring the anti-Xa 
blood level. A further correction of the doses and types of antibiotics had to be done because of 
medications related thrombocytopenia which made the condition even more difficult to fight 
with.

Conclusion: Using the antiXa as a tool to control the anticoagulation status in VTE patients 
can be a valuable thing to do. However, we must be always thorough in observing the clinical 
condition of the patient and be aware of the complications which can happen.

Key words: antiXa, bronchopneumonia, COVID-19, venous thromboembolism.

Introduction
Corona virus disease 2019 (COVID-19) is a disease caused by severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2). The clinical picture may vary, as 20% of the patients 
can be completely asymptomatic, with mild symptoms and some people may develop acute 

CASE REPORT UDK:  616.98:578.834]:616.14-005.6/.7-085.273.53-035.4

https://en.wikipedia.org/wiki/Disease
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respiratory distress syndrome (ARDS) precipitated by cytokine storm, with multi organ damage, 
septic shock and blood clots formation. Lungs and heart are the primary targets of this novel 
virus, but as we mentioned earlier, other vital organs can be affected leading to a vicious circle 
which can lead to other life-threatening complications and end up with death. As to 11th of 
November, 2022 we have had more than 640 million cases confirmed worldwide, all leading to 
a total of 6.6 million casualties up to now (1).

This virus has been linked with abnormalities in more coagulation parameters. Unfortunately, 
there is no sufficient information coming from the limited studies about the epidemiology and 
pathophysiologic mechanisms underlying COVID-19 associated venous thromboembolism. 
However, the clinical practice confirms a huge number of patients treated for COVID-19 associated 
pneumonia, having deep vein thrombosis or pulmonary thromboembolism.  As we already know, 
every pneumonia can be one of the pathologies in which we have increased D-dimers, and the 
long hospitalization required for the treatment of it is one of the risk factors that can be associated 
with venous thromboembolism (VTE) as complications trough mechanisms like endothelial 
dysfunction caused by the inflammatory process, venous stasis during the hospital treatment, 
the hypoxia stimulation.  Few articles have described the antiphospholipid antibodies, such as 
anticardiolipin antibodies, lupus anticoagulants, and anti–β2-glycoprotein I antibodies as one 
of a possible pathomechanism. Clinical practice has shown us that the potency of coronavirus 
in causing hypercoagulable state is not benign at all in comparison to other pneumonias (1, 2). 
The approved anticoagulant treatment for these complications as for thromboprophylaxis, 
is heparin which among other anticoagulant effects has antiviral, anti-inflammatory and 
endothelial protective effects, especially the low molecular heparin, which can be associated 
with fewer medications related side effects. The anti-factor Xa assay is designed to measure 
plasma heparin levels and to monitor anticoagulant therapy. Its reference values are from 0.3-0.8 
and 0.7-1.2IU/ml for preventive and therapeutic doses respectively (3). Lower values implicate 
insufficient anticoagulation treatment, while increased values can alarm us about being too 
aggressive with the LMWH therapy and force us to reduce the dosage.

CT angiography of the pulmonary arteries is the gold standard for diagnosing pulmonary 
embolism. The pulmonary window detected from the CT is another benefit which gives us 
deeper insight in describing the pulmonary consolidations and their distribution in the lungs. 

Case Presentation
In this case we report a 73-years-old patient who was admitted in our COVID center with a 

symptom of fatigue and lightheadedness for the past week. Few days before the symptoms began, 
she was in a contact with a client who was diagnosed with SARS-CoV2 infection. Nasopharyngeal 
swab was taken 3 days after the symptoms, and it was also positive. She was recommended to 
see a specialist in infectious diseases, an examination which also included a chest radiography 
and laboratory analysis. Radiography of the chest showed bilateral consolidations typical for 
COVID-19 infection and a diagnosis of bronchopneumonia of both lungs was confirmed. 
Laboratory findings showed a normal differential blood count except for a slight decrease of the 
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platelets (around 140), slightly increased CRP (18) and LDH (289). Other findings were in the 
normal range, including electrolytes, urea, creatinine and liver enzymes, glycaemia, and protein 
status. 

The patient was a non-smoker, nondrinker and she denied any allergies to food and medications. 
She was already on a medication for a high blood pressure (including a Ca antagonist and an ACE 
inhibitor), and besides the hypertension, she reported about having a deep vein thrombosis of the left 
inferior limb few years ago (at the time of the admission she was not taking any anticoagulation drugs). 
The first results of the hemostasis and D-dimers came in the normal range (300).  
An ECG on admission was with a sinus rhythm, with a heart rate of 70bpm, q wave with an inverted 
T wave in lead III. On auscultation of the lungs, we could hear crepitation in the basal and medium 
areas of both lungs. Hearts sounds, as well as the other part of the physical examination were normal.  
Her vital parameters showed a normal blood pressure and a normal heart rate, she was not 
febrile (body temperature around 36.8), and her blood saturation was 90% on room air.  
She was started with an intensive therapy with Meropenem 2grams, three times daily, Vankomycin 
1gr twice daily and Vibramycin capsules 100mg twice daily. A preventive dosage of LMWH was 
given since she had a normal D-dimers level (she weighed 80 kilos, so enoxaparin 40mg twice 
daily was started). Other supportive therapy such as fluids, vitamins, gastroprotective therapy, 
probiotics, diuretics were started, and her antihypertensive therapy was continued. Since she 
was with a borderline saturation of 90%, with a shortness of breath and a bit dyspnoic, she was 
started on a high dose of methylprednisolone in addition to the medications mentioned above. 
The next day a convalescent plasma was given, and she was attached to a high flow level of 
oxygen with 15l/min. Laboratory analysis were performed once in 2-3 days.

On the 6th day of the admission there was a rise in the C reactive protein (51) with 
a blood count with leukocytosis, neutrophilia and lymphopenia. We switched from the 
previous combination of antibiotics to Piperacillin/ Tazobactam a 4.5gr three times daily, a 
Linezolide 600mg twice daily and Fluconazole 150mg twice daily. We continued with careful 
reduction of corticosteroids. We did a hemostasis once in 2-3 days, and consulted transfusion 
medicine regarding the results, which showed a good satisfactory anticoagulation process 
with a slight increase in the d-dimers not going more than 1000. Considering that she had 
a history of deep vein thrombosis, we increased the level of LMWH to a therapeutic dosage 
of 80mg twice daily and continued with strict monitoring of the hemostasis. Anti Xa level 
was measured 8 days after the admission, it was 1.1, showing a good quality anticoagulation 
process. The repeated radiography of the lungs and heart was made with signs of improvement. 
At the 15th day after admission the patient reported that she had a chest pain. An ECG was made 
and there were typical inverted T waves in the right precordial leads with a heart rate around 
75bpm (picture 1).
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Picture 1. ECG with typical strain pattern in the right precordial leads, pathognomonic for pulmonary embolism.

We decided to make a CT angiography of the lungs with a protocol for pulmonary embolism. 
It discovered a defect in filling of both superior lobar arteries as for the segmental arteries. A 
diagnosis of lobar and segmental acute pulmonary embolism was confirmed (Picture 2, 3). A 
ground glass opacity in the periphery of both lungs was described with a dominant fibrotic 
component in the basal areas of both lungs plus multiple pulmonary infarct zones typical for 
COVID-19 pneumonia.

Picture 2, 3. CT angiography showing defects in filling of the pulmonary arteries.

Since we came up with a final diagnosis of pulmonary embolism, as a complication due to 
the corona virus pneumonia, we did an echocardiography to evaluate the heart dimensions and 
function. It was a normal echo finding, including the size and function of the right ventricle. 
At the same time, we did a blood sample for highly sensitive troponin, so we can estimate the 
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early mortality risk. It was in a normal range, so together with the normal dimension of the right 
ventricle we placed her in the group of intermediate low risk patients according to XXXcriteria. 
Doppler ultrasound of the lower limbs showed thrombus in the right popliteal vein (a knee 
operated few years ago) explaining the possible origin of the thromboembolism.  Meanwhile 
the blood count showed a decrease in the level of platelets at around 80. She was already treated 
for more than 20 days with antibiotics such as meropenem, piperacillin/tazobactam and 
vankomycin which can cause thrombocytopenia and because of that we decided to stop them, 
put her only on clindamycin, three times daily, plus we continued with the LMWH therapy in 
therapeutic doses as an anticoagulant therapy which has HIT as side effect much less than the 
unfractionated heparin (UH).

The decision was made in consultation with a specialist in infectious disease, cardiologist 
and specialist in pulmonary medicine.  The control blood count after a few days showed almost 
normal platelets (138). The patient denied any chest pain, difficulty breathing or other symptoms 
suggesting of worsening. D-dimers came in normal for the first time (370). After a whole month of 
hospital treatment, a control CT angiography of the pulmonary arteries was performed showing 
a resolution in the thrombus of the lobar and segmental arteries plus a doppler ultrasound of 
lower extremities with signs of resolution of the thrombus in the deep veins of the leg also. Few 
days before discharge the anti Xa level was 1. The patient was discharged after more than 30 
days of treatment in a stable health condition with a NOAC (rivaroxaban) 20mg, once daily, in 
addition with the other therapy for the primary disease, with a recommendation for a regular 
follow up by a cardiologist and pulmonologist.

Discussion
Venous thromboembolism is the third most frequent acute cardiovascular syndrome 

after the myocardial infarction and stroke. It can be presented as either deep vein 
thrombosis or pulmonary embolism. As it can be seen in the article by Anderson Jr et al (1) 
there are many factors included in increasing the possibility of people being hospitalized 
because of a diagnosis of VTE. Our patient had some of them, such as prolonged bed 
stay >5 days, she had a pneumonia and she was overweight. The main factor contributing 
for the hypercoagulable state in our patient is COVID-19 associated pneumonia.  
The summary given by a cohort studies and case reports by Sakrand colleagues (2) explained the 
pathophysiology of COVID-19 hypercoagulable state as a major factor for pulmonary embolism and 
stated the importance of treatment with anticoagulation therapy, especially in critically ill patients.  
As we all know, every pneumonia by itself, including community acquired pneumonia and 
nosocomial pneumonia as well, is associated with an increased risk for PE and DVT because of the 
inflammation and necessary bedrest, which can last for a few weeks during the patients’ recovery.  
Mei et al.in their study compared the rate of VTE in patients with COVID-19 pneumonia and 
in those with community acquired pneumonia in a hospital in Hubei, China and realized there 
is no significant difference between the 2 groups (4). 
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An effort has been made by Paparoupa et al.  in order to find a predictive model for diagnosing 
a PE in patients hospitalized for pneumonia through a combination of laboratory parameters 
and clinical symptoms in a case control study of 100 patients in which they have failed in a way, 
but the study has urged us to keep looking for a clinically relevant symptoms and D-dimers 
values which can increase the suspicion for a possible PE in patients with pneumonia (5). 
The patient’s weight (which was not extreme, but still around 80kg in our patient) is also an 
additional problem when it comes to blood cloths forming in these kind of patients. Plus, she had 
a history of deep vein thrombosis in the past due to the presence of varicose veins on both lower 
extremities. We couldn’t have considered the previous knee surgery since it was long time ago 
(not during the last year), but already there were more than enough risk factors for us to consider 
if we should decide to go with preventive or therapeutic doses of anticoagulation therapy. That 
was of course before the complication of VTE occurred. At that time the therapeutic regimen 
was absolutely an imperative. 

For the period of the hospital treatment, since day one a regular monitoring for 
D-dimers and hemostasis was performed, including the anti Xa level as a marker for a 
good anticoagulation effect while using LMWH. Although anti-factor Xa measurement 
maybe a little expensive marker for the follow up of the anticoagulation effect, Trunfio, and 
coworkers, with their retrospectively collected data from the Torino hospital, which included 
around 56 patients, (3) proposed it as a possible anticoagulation marker.  They have set up 
the target range a little higher in SARS CoV2 patients to prevent or treat this disease and its 
complications. The coagulopathy and prothrombotic mechanisms induced by this virus 
leads to heparin resistance and decreased recovery of anti Xa activity. Their study showed 
that when using LMWH in a preventive and therapeutic cause, the target range should be 
0.3–0.7 and 0.7–1.2 IU/mL respectively, in COVID-19 patients (3). The time between the last 
LMWH dose and measurement of this marker should be at least 4 hours apart, so we can have 
valid results. They have also showed that no complications in their patients (such as death, 
thromboembolic complications) happened in those who were in the desired range of anti Xa. 
The anti-factor Xa (anti- Xa) assay measures the direct inhibition of Xa factor by LMWH used in 
our scenario (6). In our patient it was measured twice, before and after the VTE event and it was 
always in the therapeutic desired range (1.1 and 1). Despite this, we had a thromboembolic event 
occurring. So, the question is, is it enough to have a quality anticoagulation effect measured by 
anti Xa level, hemostasis, and D-dimers in order not to worry about these kinds of complications?  
Guess not. But trying to make the most of it seems like a good idea. So, we continued with the 
treatment with enoxaparin 80mg twice daily alongside the other therapy.

The therapy also included three types of antibiotics in the most of the time of the 
hospitalization period. One of them, the antibiotic Tazocin is a mixture of two main ingredients, 
(piperacillin – belonging to a group of penicillin type antibiotics) plus tazobactam which 
prevents for the bacteria to deactivate the piperacillin. This combination is often used in 
treatment of infections such as urinary tract and skin infections, peritonitis, but also in patients 
with pneumonia. We use it frequently in our country, especially in patients with COVID-19 
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associated pneumonia plus a laboratory and clinical findings of bacterial superinfection. Our 
patient was switched to this antibiotic from the 6th day of the admission. She was almost two 
weeks on piperacillin/tazobactam combination, plus a linezolide 600mg twice daily. On the 20th 
day after admission, the blood count revealed decrease in platelets level and in a few days, they 
were down to 80. Few articles showed a correlation between the usage of Tazocin and reversible 
thrombocytopenia (7, 8).

Immune induced mechanism was also described in a case report by Hong Chen (7),  in 
which IgM specific antibodies to piperacillin/ tazobactam tested positive, besides mechanisms 
like direct platelet number decreases and bone marrow suppression described in Chens article.  
A link, between the second antibiotic used in our patient Linezolid, and thrombocytopenia has 
been described in a retrospective study in Korea, which found a correlation between its use and 
the length of hospital treatment, confirming more cases with low platelets in patient treated 
for >7 days, as it was the case with our patient. A non-significant, but still the concomitant 
treatment with a piperacillin and tazobactam and heparin was mentioned in this study (9).

Another study also confirmed the possibility of patients being diagnosed with 
thrombocytopenia due to long Linezolide treatment for more than 7 days (10). 
Suppression of platelet release from mature megakaryocytes was given as a possible 
pathogenetic mechanism leading to thrombocytopenia in an animal study in Japan (11). 
Among the other antibiotic listed in this article, Vankomycin can also be the reason for platelets 
fall (12), but we only used it for less than a week, during the first week after admission, so 
we cannot prescribe as its side effect in this case. However, we should be aware about all the 
antibiotics we use in patients with pneumonia, especially when the laboratory findings show 
decrease in platelet number.  

So, we decided to stop the treatment with both Tazocin and Linezolide in our patient, switching 
only to Clindamycin 600mg, three times per day. Platelets measured at the 23rd  and 24th day of the 
admission (only 3 days after the therapy change) were rapidly increasing from 78 to 182 coming into 
a normal range. Since we were using LMWH in therapeutic doses for the treatment of the venous 
thromboembolism, we felt a lot safer with this level of platelets, as the risk for major bleedings 
additionally from possible heparin induced thrombocytopenia (HIT) gives us another reason to fear. 
HIT is defined by as a decrease in platelets to less than 50% or to less than 100x10/9/ L and 
positive HIT assay. As Martel and all. concluded in their meta-analysis (13), LMWH is way 
safer than UFH in form of inducing HIT. Although enoxaparin is much more expensive than 
UFH, due to the primary disease and the level of platelets, we decided to use the LMWH. 
Regarding the imaging methods used, the CT angiogram of the pulmonary arteries is the gold 
standard for the diagnosis of pulmonary embolism. It clearly discovered a defect in filling of 
both superior lobar arteries as for the segmental arteries. The question now was how to treat 
it. Should we consider fibrinolytic therapy or should we continue only with an anticoagulation 
therapy. 
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Table 1. Platelets, D- dimmers and anti Xa values during hospitalization (year 2020).

Date 27.11 28.11 01.12 02.12 10.12 15.12 16.12 17.12 18.12 22.12 28.12

Platelets 164 157 269 249 171 95 104 78 96 182 193

D dimers 300 915 975 798 692 252 283

Anti Xa 1.1 1

As a diagnosis was made, we further decided to classify the severity of pulmonary 
embolism and the risk of early death in outpatient according to the Guidelines for Pulmonary 
Embolism from 2019, written by the European Society of Cardiology (14). Our patient was 
hemodynamically stable, she had a normal blood pressure and was not in a cardiogenic shock. 
Still in order to stratify the risk of early death and evaluate the need for an eventual fibrinolytic 
therapy, we did an echocardiography looking for an increased size of the right ventricle which 
was normal and a blood measurement of high sensitive troponin I that was also normal. 

One of the parameters in the evaluation process of the severity of PE and the risk of early death 
is the PESI score given in Table 7 with its modified versions as described by Tamizifar et al. (14,15). 
It was 1 in our patient because of the increased heart rate in correlation with the diagnose for PE. 
Finally, the normal echocardiography and normal right ventricle plus the negative troponin plus the 
sPESI score of 1, has classified our patient as being in an intermediate low risk group. We continued 
with the therapeutic dosage of enoxaparin (80mg twice daily since she was 80kg in body weight).  
After one month of hospitalization and 15 days after the diagnosis of PE, a control CT angiography 
of the pulmonary arteries was again performed with a complete resolution of the thrombus of 
the lobar and segmental arteries. The control Doppler ultrasound of the lower extremity also 
revealed a thrombus in resolution. In addition, the pulmonary window of the CT scan showed 
improvement of the primary process of pneumonia caused by COVID-19. 

The patient was discharged in an improved health condition with a DOAC in addition to 
the other prescribed therapy. The oral treatment, rapid onset of action, minimal drug and food 
interactions, predictable pharmacokinetics, and lack of need for routine monitoring made it 
an excellent choice for further home treatment as studied by Eldredge et al. (16). The plan is to 
stay on rivaroxaban 20mg once daily for at least 3-6 months when it will be decided if a further 
anticoagulation therapy is needed. A lifelong therapy with OAC may be a reasonable solution 
since this was a second episode of a venous thromboembolism in the same patient. 

Conclusion
Venous thromboembolism including PE is a common scenario in COVID-19 patients. 

Although finding a diagnosis of pulmonary embolism in a patient with pneumonia of any kind 
can be challenging, we should always raise the suspicion for VTE in COVID-19 patients and 
look thoroughly by evaluating the symptoms and analyzing the laboratory findings and use 
diagnostic tools that we have. The treatment with LMWH may be the safest treatment option 
in patients with COVID-19 and associated VTE and the anti Xa level can be a quality marker 
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for evaluating the anticoagulation process, but we should never rely just on it, because even a 
well anticoagulated patient shouldn’t stop us from looking for a hypercoagulable complication 
in these patients. The variety of medications that we use while dealing with COVID-19 disease, 
should be carefully evaluated because of possible drug interactions, to provide a better treatment 
with less complications.
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ABSTRACT
This is a case report of 55-years old woman with heart valve disease diagnosed with chronic 

lymphocytic leukemia, requiring open heart surgery.
Chronic lymphocytic leukemia (CLL) is represented by the progressive accumulation of 

functionally incompetent monoclonal lymphocytes. CLL is the most common adult leukemia 
in the western world accounting for approximately seven percent of non-Hodgkin lymphomas. 
It is estimated that about 25-50% of the patients are asymptomatic at presentation.

Patients over the age of 50 and prolonged survival having a hematological disorder, means 
that more of them would require cardiac surgery treatment. Because of that, expanding the 
capacity of knowledge for such patients requiring cardiac surgery is essential.

The operative risk of patients with malignant hematologic disorders is increased, as this 
may include immune suppression, changes in blood viscosity, coagulation defects and bone 
marrow insufficiency. When these patients are scheduled for operative treatment, there must be 
cautious for infections in the postoperative period, bleeding and leukemic transformation. The 
effect of cardiopulmonary bypass (CPB) and inflammatory response in the body, combined with 
surgical trauma, provoke systemic inflammatory syndrome. But the interaction of this syndrome 
in these patients are still insufficient. Small data of retrospective studies report the uplifted risk 
of infections, bleeding, hemostatic system disorder and mortality.

Cardiac surgical experience in patients with hematological malignancies is still limited and 
detailed investigation is mandatory in decision making. Patients should be counseled on the 
increased risk of morbidities after cardiac surgery including immune modulation, bleeding, 
clotting and infection. Adequate medical treatment and long-term multidisciplinary follow up 
are crucial in prolonging survival.

Key Words: aortic stenosis, cardiac anesthesia, cardiac surgery, chronic lymphocytic 
leukemia, mitral regurgitation.

Introduction
Increased surgical experience and technological advances in cardiac surgery have 

encouraged surgeons to perform complex cardiac operations in patients with comorbidity 

CASE REPORT UDK:  616.12-089:616.155.392.2
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factors, with acceptable morbidity and mortality rates. Hematologic malignancies are diagnosed 
in all age groups, and chronic forms are predominantly seen in elderly population (1).

The operative risk of patients with malignant hematologic disorders is increased, as this 
may include immune suppression, changes in blood viscosity, coagulation defects and bone 
marrow insufficiency. When these patients are scheduled for operative treatment, there must 
be caution for infections in the postoperative period, bleeding and leukemic transformation. 
Cardiopulmonary bypass (CPB), because of their systemic inflammatory response and immune-
suppressing effects, have the potential risk of increasing the hematological problems, leading to 
fatal or morbid complications (2). 

Chronic lymphocytic leukemia is the most common type of leukemia in western countries, 
and outcomes of patients with CLL undergoing cardiac surgery are uncertain. Infectious 
complications occur in 63% of the patients with hematologic malignancy. Infections are reported 
to be the main life-limiting complications in CLL. A history of irradiation and chemotherapy 
predisposed to postoperative respiratory insufficiency, acute renal failure, and an impaired long-
term survival (4).

Case Report
Our patient was 55-years old woman with history of primary Ewing sarcoma of left pubic 

bone who had underwent surgical resection 27 years earlier. Because of the secondary metastasis 
of the left lung, 6 cycles of chemotherapy and radiotherapy had been administered. One year 
ago, she had fatigue and swelling of the legs. She realized cardiac examination, including 
echocardiography, which revealed moderate aortic valve stenosis and regurgitation (Figure 1), 
severe mitral valve regurgitation (Figure 2) and moderate regurgitation with preserved left and 
right ventricular systolic and diastolic function. Medical therapy has been initiated, including 
beta-blocker, diuretics and angiotensin converting enzyme inhibitor. Because of symptoms 
persistence, one month later, she admitted to our cardiac surgery department for consultation 
and admission for cardiac surgery treatment.

The initial laboratory tests revealed leukocyte count 104.19 10^9/L, of which 97.12 10^9/L 
are lymphocytes (Table 1). The peripheral blood smear revealed smudge cells (Gumprecht 
shadows) indicative for chronic lymphocytic leukemia and rare prolymphocytes. 

The patient underwent aortic valve replacement with mechanical valve 21mm and 
mitral valve replacement with mechanical valve 27mm with orderly postoperative course. In 
the intensive care unit, catecholamine support with adrenaline and vasopressor support with 
noradrenaline, and support with milrinone and levosimendan has been administered. In the 
second postoperative day because of pericardial effusion, she underwent subxiphoid drainage 
in operation room. She was extubated several hours later. Because of febrile episodes and 
increased inflammatory markers, double antibiotic therapy with meropenem and vancomycin, 
and antifungal therapy with fluconazole was administered. Hematologic specialist concluded no 
necessity for hematologic therapy for CLL. The echocardiography in the postoperative course 
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revealed proper function of the mechanical aortic and mitral valve. Because of pleural effusion 
the left and right pleural space were punctured. 

The patient was discharged in the 19th postoperative day in stable general condition, with 
leukocyte count 46.25 10^9/L, of which 42.22 10^9/L are lymphocytes (Table 1). She realized 
regular heart and hematologic postoperative control examinations with stable condition.
          
Figure 1. Figure 2.

Figure 1. Echocardiography revealing moderate aortic  Stenosis, 
*LA=Left atrium, RA=Right atrium    

Figure 2. Mitral valve regurgitation 
*LA=Left atrium, RA=Right atrium, LV=Left ventricle, RV=Right 
ventricle

                                          

Table 1. Evolution of the results of leukocyte and lymphocyte blood count in the preoperative and postoperative phase.

Admission 1st post-op 5th post-op 10th post-op 15th  post-op 19th  post-op

Leukocytes 
10^9/L 104.19 76.84 102.09 108.95 50.02 46.25

Lymphocytes 
10^9/L 97.12 63.91 88.61 96.03 45.42 42.22

Discussion
Results concerning cardiac surgery in hematological disorders and their treatment have not 

been examined completely yet. Data and evidence published in the world is still insufficient, and 
the results are announced by analyzing retrospective single-center studies with small number of 
cases. Recent advances in the medicine in the field of oncology and treatment strategies improve 
the outcome in hematological malignancies. Patients over the age of 50 and prolonged survival 
having a hematological disorder means more of them would require cardiac surgery treatment. 
Because of that, expanding the capacity of knowledge for such patients requiring cardiac surgery 
is essential (3).
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The hemostatic system in the body and other organs are affected by hematological 
disorders and their treatment. Increased blood viscosity because of polycythemia can be found 
in myeloproliferative syndromes. Platelet dysfunction because of deficient glycoprotein IIb/IIIa 
complex can be found, including acquired von Willebrand syndrome. Pathologically, platelet 
morphology alteration and hyporesponsiveness are met. Syndromes of hypercoagulability and 
hyperviscosity can be met in malignant lymphomas resulting from acquired activated protein 
C resistance and monoclonal gammopathy. There must be serious caution because of impaired 
hemostatic system during cardiac surgery (5). The immune system is altered increasing the 
risk of infectious complications. In the data available, 63% of the patients experience infectious 
complications. In chronic lymphocytic leukemia (CLL), the main life-limiting illness are 
infections.

The effect of cardiopulmonary bypass (CPB) and inflammatory response in the body 
combined with surgical trauma provoke systemic inflammatory syndrome. But the interaction 
of this syndrome in these patients is still insufficient. Small data of retrospective studies report 
the uplifted risk of infections, bleeding, hemostatic system disorder and mortality (6).

Patients with hematological malignancies can undergo cardiac surgical intervention with 
allowable and acceptable results in the early postoperative period. The medical team must be 
careful in dealing with these patients in the intensive care unit in the postoperative period 
with focus on bleeding, infections and prolonged hospital stay. All staff involved, such as 
multidisciplinary follow-up by surgeon, anesthesiologist, hematology specialist, oncologist and 
cardiologist are essential in the optimal medical treatment and prolonged survival (7).

Conclusion
Cardiac surgery in patients with hematological disorder is found to have acceptable short 

and long-term morbidity and mortality. Optimal management requires multidisciplinary 
approach by surgeon, anesthesiologist, hematology specialist, oncologist and cardiologist.
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Abstract
The survey was conducted on five respondents through a composite survey containing 

four items. Sample indicators were heart rate and the relaxant component derived from heart 
rate variability. Indicators were continuously monitored (beat-to-beat) and recorded during 
the entire study with the Polar pulse tester. Phase 1 – Conscious and passive observation of 
breathing, Phase 2 - Complete and correct ventilation with rhythm 7171, Phase 3 - Complete 
and correct ventilation with rhythm 6363, and Phase 4 - Conscious and passive observation 
of breathing. The results were processed with the basic statistical parameters for the values ​​of 
the heart rate and the relaxant component in the four phases of the ventilation protocol, the 
homogenization test of the variance of the heart rate and the relaxant component, as well as 
the Analysis of Variance of the values ​​of the heart rate and the relaxant component in the four 
phases of the ventilation protocol. After  the variance analysis, it can be determined that the 
difference in HR values ​​shows a statistically significant difference, at the 0.00 level. The obtained 
results justify this research, which in the future should receive a more complex methodological 
approach.

Key Words: heart rate, relaxant component, ventilation. 

INTRODUCTION
The largest number of heart rate researches so far, has been with the purpose of monitoring 

heart rate changes during more intense physical activities (when sympathetic activity dominates), 
as well as determining its values while rest (when parasympathetic activity dominates). There 
is a smaller number of studies on the reaction of this indicator during physical loads (or other 
experimental protocols) that cause changes in heart rate < 50% SF max.

One of such protocols that can induce a change in heart rate and the relaxant component 
derived from heart rate variability, is programmed ventilation. The change in the way of ventilation 
(depth, rhythm, retention of ventilation) causes changes in the tonicity of the components of the 
vegetative system. Inspiration speeds up the heart rate, and expiration slows it down.

Therefore, the aim of this paper was to analyze the heart rate response and the relaxant 
component derived from heart rate variability, after the ventilation protocol was implemented.

ORIGINAL ARTICLE UDK:  612.16.078:612.216
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If this hypothesis is confirmed, it will mean that the activity of the parts of the autonomic 
nervous system (sympathetic and parasympathetic) can be toned with ventilation. For these 
possibilities, there is large amount of data from the literature, and smaller amount from the 
research environment.

PREVIOUS RESEARCHES
The relaxation component (Rlx, Relaxation rate) is an indicator that is based on and derived 

from the heart rate variability. The degree of heart rate variability is highly individual. It is the 
most variable when measured at rest or during daily activities that require little physical activity.

This problem was preceded by previous researchеrs (1,2,3,4,5,6)
The heart rate response is inversely proportional to the response to the relaxant component. 

An increase in the heart rate and a decrease in the relaxant component indicate greater 
sympathetic tone. Current stress causes an increase in the heart rate and a decrease in the 
relaxant component indicating greater sympathetic tonicity. 

SUBJECT, OBJECTIVE AND HYPOTHESES OF THE RESEARCH
3.1. Subject of the research
The subject of the research is the heart rate and the relaxing component of the heart rhythm.
3.2. Aim of the research
The aim of the paper is to analyze the reaction of the heart rate and the relaxant component 

derived from the variability of the heart rate, after the ventilation protocol has been carried out.
3.3. Research hypotheses
X0: After implementing a ventilation protocol, the activity of parts of the autonomic 

nervous system can be toned,
X1: Significant changes in the heart rate values ​​will be induced after a ventilation protocol 

is implemented.
X2: Significant changes in the values ​​of the relaxant component will be induced after a 

ventilation protocol has been implemented.

Work Methods
The survey was conducted on five respondents through a composite survey containing 

four items. Sample indicators were heart rate and the relaxant component derived from heart 
rate variability. Indicators were continuously monitored (beat-to-beat) and recorded during the 
entire study with the Polar pulse tester.
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Explanation of the phases
Body position during breathing
The subject sits in the Turkish sitting position (sukhasana), the back is straight, the palms 

are turned up and placed on the knees, the shoulders are relaxed, the head is directed forward, 
the eyes are closed, the facial muscles are relaxed with a gentle smile on it.

Phase 1 – Conscious and passive observation of breathing
Breathing takes place independently. The subject just consciously follows the melodious 

breathing i.e., the movement of the bladder wall forward (during inhalation) and the movement 
of the bladder wall backward (during exhalation). The subject is aware of the depth, rhythm and 
frequency of breathing.

Phase 2 - Complete and proper ventilation with rhythm 7171
Complete breathing means ventilation with all parts of the lungs (lower, middle and upper), 

both during inhalation and exhalation.
Correct ventilation is complete and takes place according to the principle of “filling and 

emptying the bucket with water”: filling the bucket with water corresponds to inhalation, and 
emptying the bucket with water corresponds to exhalation.

Inhalation: The lower part of the lungs (diaphragm) is filled with air, then the middle part 
(chest, thoracic), and at the end of the upper part (sternoclavicular). Timed exhalation lasts 
while the subject counts to himself from 1 - 7.

Exhalation: Exhale with the upper part of the chest, then with the middle one and finally 
with the lower part of the chest. Timed exhalation lasts while the subject counts to himself from 
1 - 7.

This phase is breathed with rhythm 7171. The numbers 7171 indicate the durations (rhythm) 
of the individual phases of the breathing cycle, namely: 7- inhalation, 1- pause to change the 
fingers that close the nostrils, 7 - exhalation and 1- pause to change on the fingers that close the 
nostrils.

One inhalation and one exhalation, together with two pauses in between, constitute one 
breathing cycle.

Phase 3- Complete and proper ventilation with rhythm 6363
Complete breathing means ventilation with all parts of the lungs (lower, middle and upper) 

both during inhalation and exhalation.
Correct ventilation is complete and takes place according to the principle of filling and 

emptying the bucket with water: filling the bucket with water corresponds to inhalation, and 
emptying the bucket with water corresponds to exhalation.

Inhalation: 
The lower part of the lungs (diaphragm) is filled with air ,below the middle part (chest, 

thoracic), 
and finally the upper part (sternoclavicular). 
Time of the inhalation lasts while the subject counts to himself/herself from 1-6.
Exhalation: 
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Exhale with the upper part of the chest, 
then with the middle one,
and finally with the lower part of the chest. 
Time of the exhalation lasts while the subject counts to himself from 1-6.
This phase is breathed with rhythm 6363. The numbers 6363 indicate the durations (rhythm) 

of the individual phases of the breathing cycle, namely: 6 - inhalation, 3 - pause to change the 
fingers that close the nostrils, 6 - exhalation and 3 - pause to change on the fingers that close the 
nostrils.

The cycles are repeated until three minutes have passed.
The interruption of the cycles is indicated by means of a timer.
Phase 4 - Conscious and passive observation of breathing
Breathing takes place independently. The subject just consciously follows the melodious 

breathing i.e., the movement of the bladder wall forward (during inhalation) and the movement 
of the bladder wall backward (during exhalation). The subject is aware of the depth, rhythm and 
frequency of breathing.

A common note for all phases
The examinee breathes each phase of breathing for three minutes, which is regulated by a 

timer, which when the time expires gives a sound signal.
The first and fourth phases are identical.

RESULTS AND DISCUSSION
Table1: Descriptive statistics for the values of the heart rate and the relaxant component in the four phases of the 

ventilation protocol.

Descriptives

1210 81.9818 10.85012 .31192 81.3699 82.5938 57.00 105.00
1241 84.5713 12.26679 .34821 83.8882 85.2545 51.00 108.00
1232 83.6648 10.95373 .31207 83.0525 84.2770 59.00 107.00
1233 77.3585 9.69023 .27596 76.8171 77.8999 55.00 105.00
4916 81.8977 11.32553 .16153 81.5810 82.2144 51.00 108.00
1210 24.5455 6.82694 .19626 24.1604 24.9305 11.00 44.00
1241 27.9726 7.41571 .21051 27.5596 28.3856 12.00 45.00
1232 24.4334 4.23311 .12060 24.1968 24.6700 13.00 39.00
1188 30.4579 7.33900 .21293 30.0402 30.8757 15.00 48.00
4871 26.8323 7.03727 .10083 26.6346 27.0299 11.00 48.00

1.00
2.00
3.00
4.00
Total
1.00
2.00
3.00
4.00
Total

HR

RLX

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for
Mean

Minimum Maximum

According to the obtained data from the descriptive statistics in Table 1, it can be seen 
that in the heart rate variables, the arithmetic mean in the first phase is lower than the second 
and third phases, that is, it is the lowest in the fourth phase. This means that the values ​​initially 
increase and then decrease. The standard deviations show that the distribution of the data is 
approximately normal in each phase, that is, the HR values ​​in each phase are similar, namely, 
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they are quite homogeneous. The values ​​of the standard deviations correspond to the arithmetic 
means, in fact, the highest standard deviation is in the second phase, then the first and third are 
similar and the smallest standard deviation is in the fourth phase. In other words, the largest 
arithmetic mean has the largest standard deviation and the smallest arithmetic mean has the 
smallest standard deviation. Standard errors are consistent with standard deviations and indicate 
that no major measurement errors were present. According to the minimum and maximum 
values, similar distances between the minimum and maximum results can be ascertained. The 
largest distance can be observed in the second phase, where the distance is 57.

We have a similar distribution of results with RLX. The arithmetic mean is the largest in the 
fourth phase and the smallest in the third phase. The standard deviations show an approximately 
normal distribution of the data in each of the phases just like HR. Standard errors are consistent 
with standard deviations and also indic a te smaller measur e ment errors. Here, the greatest 
distance can be observed in the first phase.

Table 2.Test for homogenization of variance of the heart rate and the relaxant component.

Test of Homogeneity of Variances

36.601 3 4912 .000
123.499 3 4867 .000

HR
RLX

Levene
Statistic df1 df2 Sig.

According to the obtained data from the variance homogenization test in Table 2, it can be 
concluded that both the heart rate and the relaxant component show a statistically significant 
difference between the groups of respondents.

Table 3. Analysis of variance of the values of the heart rate and the relaxant component in the four phases of the 

ventilation protocol.

ANOVA

38131.890 3 12710.630 105.410 .000
592303.6 4912 120.583
630435.5 4915

30647.460 3 10215.820 236.167 .000
210530.5 4867 43.257
241178.0 4870

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

HR

RLX

Sum of
Squares df Mean Square F Sig.

After the analysis of variance on tab. no. in Table 4, it can be determined that the difference 
in HR values between the groups is 38.9, within the groups it is 59.7 and they show a statistically 
significant difference at the level of 0.00.

T-test for heart rate and relaxant component by phases
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Table 4. T-test for large dependent values of the heart rate and the relaxant component in the four phases of the 

ventilation protocol.

Multiple Comparisons

LSD

-2.58950* .44365 .000 -3.4592 -1.7198
-1.68295* .44444 .000 -2.5543 -.8116
4.62334* .44436 .000 3.7522 5.4945
2.58950* .44365 .000 1.7198 3.4592

.90654* .44164 .040 .0407 1.7723
7.21284* .44155 .000 6.3472 8.0785
1.68295* .44444 .000 .8116 2.5543
-.90654* .44164 .040 -1.7723 -.0407
6.30630* .44235 .000 5.4391 7.1735

-4.62334* .44436 .000 -5.4945 -3.7522
-7.21284* .44155 .000 -8.0785 -6.3472
-6.30630* .44235 .000 -7.1735 -5.4391
-3.42715* .26572 .000 -3.9481 -2.9062

.11201 .26620 .674 -.4099 .6339
-5.91246* .26863 .000 -6.4391 -5.3858
3.42715* .26572 .000 2.9062 3.9481
3.53916* .26451 .000 3.0206 4.0577

-2.48531* .26696 .000 -3.0087 -1.9619
-.11201 .26620 .674 -.6339 .4099

-3.53916* .26451 .000 -4.0577 -3.0206
-6.02447* .26744 .000 -6.5488 -5.5002
5.91246* .26863 .000 5.3858 6.4391
2.48531* .26696 .000 1.9619 3.0087
6.02447* .26744 .000 5.5002 6.5488

(J) VAR00001
2.00
3.00
4.00
1.00
3.00
4.00
1.00
2.00
4.00
1.00
2.00
3.00
2.00
3.00
4.00
1.00
3.00
4.00
1.00
2.00
4.00
1.00
2.00
3.00

(I) VAR00001
1.00

2.00

3.00

4.00

1.00

2.00

3.00

4.00

Dependent Variable
HR

RLX

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

The mean difference is significant at the .05 level.*. 

After performing the LSD test,  followed by comparing the differences of the arithmetic means 
of HR data, it can be seen that there is a statistically significant difference between all phases of 
HR. While in RLX there is a statistically significant difference between all phases except between 
the first and the third phase.
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Graph  1. Graphic display of heart rate values in the four phases of the ventilation protocol.

Box & Whisker Plot
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According to the obtained graphic presentation of the heart frequency, it can be seen that the 
arithmetic mean increases from the first to the second phase, and decreases from the third phase 
to the fourth phase.

Graph 2. Histogram display of heart rate values in the four phases of the ventilation protocol.

Histogram (Spreadsheet1 10v*1241c)
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Histogram (Spreadsheet1 10v*1241c)
Faza 3 = 1232*5*normal(x, 83.6648, 10.9537)
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RLX in 1 zone N=1241, Mean=24.5455, Std. Dev.=6.82694, Min.=11, Max.=44.
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Histogram (Spreadsheet1 10v*1241c)
Faza2 = 1241*5*normal(x, 84.5713, 12.2668)
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Histogram (Spreadsheet1 10v*1241c)
Faza 3 = 1232*5*normal(x, 83.6648, 10.9537)
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Histogram (Spreadsheet1 10v*1241c)
Faza 4 = 1233*5*normal(x, 77.3585, 9.6902)
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From the heart rate histograms, it can be seen that the distribution of the data in the first and 
the fourth phase is similar, unlike the second and the third phase where we observe high values 
of the heart rate, so the distribution of the results by phase are as follows:
RLX in 1 zone N=1210, Mean=24.5455, Std.Dev.=6.82694, Min.=11, Max.=44
RLX in 1 zone N=1210, Mean=24.5455, Std.Dev.=6.82694, Min.=11, Max.=44
RLX in 1 zone N=1210, Mean=24.5455, Std.Dev.=6.82694, Min.=11, Max.=44
RLX in 1 zone N=1210, Mean=24.5455, Std.Dev.=6.82694, Min.=11, Max.=44
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CONCLUSION
For the heart rate indicator, a significant difference was determined between the investigated 

phases. After performing the breathing protocols, the heart rate decreased from 81.98 beats per 
minute in the first phase and 77.35 beats in the fourth phase, thereby it can be concluded that 
these breathing protocols affect parasympathetic toning.

For the indicator of the relaxant component of the heart rate, a significant difference was 
also determined between the investigated phases. After performing the breathing protocols, the 
relaxant component decreased from 24.43 in the third phase and 30.45 in the fourth phase, which 
caused the toning of the parasympathetic part of the autonomic nervous system and increased 
heart rate variability that was investigated through this component. The obtained results justify 
this pilot research, which in the future should receive  more complex methodological approach.
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Abstract
Introduction: Acute strabismus is acute comitant esotropia, with an abrupt onset, a large 

angle of deviation, followed by diplopia. It occurs in three forms. The most of the cases have a 
normal neurological finding.

The etiology of acute strabismus associated with neurological symptomatology can be: 
malignant diseases, tumors, malformations, etc., which can appear months or even years after 
the appearance of diplopia.

Purpose: This paper aims to emphasize the importance of detailed investigations and 
long-term evaluation of patients with acute strabismus, due to the possibility of the existence of 
serious neurological abnormalities.

Materials and Methods: Medline and PubMed databases of medical publications were 
searched, entering key words: strabismus, acute strabismus and causes. More than 50 articles 
were obtained from the last 30 years, out of which 28 served to prepare this paper in which we 
present the most important insights from the literature, as well as our conclusions from the 
research in this branch of ophthalmology.

Conclusion: Acute strabismus is an emergency that requires careful investigation and a 
multidisciplinary approach. There is still no clear protocol for the evaluation of these patients. 
Before ruling out that it is benign decompensated strabismus, it is necessary to do: a detailed homo 
or heteroanamnesis, a clinical examination with monitoring of the most subtle neurological signs 
and symptoms that may indicate a neurological etiology, orthoptic examinations, a complete 
ophthalmological examination and neuroimaging.

Key Words: acute, causes, strabismus.

Introduction
Acute strabismus is a clinical puzzle that ophthalmologists face. Currently, there are no 

clear clinical guidelines on how to examine a patient with acute strabismus, whether to initially 
perform neuroimaging to rule out the small but serious risk of intracranial pathology, or to 
follow closely (1).

Acute strabismus is characterized by an acute onset of a relatively large angle of deviation, 
followed by diplopia.
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In the evaluation of these patients who present to emergency ophthalmology departments, 
the primary concern is to rule out a potentially dangerous underlying condition that requires 
immediate intervention (1, 2).

Acute comitant esotropia is acute strabismus occurs in three forms. The most of the cases 
have a normal neurological finding (3-5).

On the other hand, various neurological diseases such as: tumors, congenital anomalies, 
malformations of blood vessels, etc. can be manifested by the appearance of acute strabismus. 
Clinically recognizable, such entities may appear months or even years after the onset of diplopia.

According to some authors, it is considered that one out of four children with acute 
strabismus who appear in the emergency department of ophthalmology has a neurological 
disease (2).

The presence of ptosis, papilledema, vomiting, gait disturbances, impaired consciousness, 
pupillary defects and involvement of multiple cranial nerves, should be considered as alarming 
signs (2).

Investigations of patients with this pathology should include: detailed anamnesis from the 
parents (beginning and course of symptoms, frequency of their appearance and presentation, 
past diseases and possible comorbidities, other symptoms and behavioral abnormalities), clinical 
examination (significantly different from that in benign entities such as chronic decompensated 
strabismus). A complete ophthalmic and motility examination should be performed promptly. 
Findings of incomitant, absence of sensory adaptations, variability in deviation and other 
concurrent paralysis, as well as systemic or neurological signs and symptoms, should be a signal 
for further laboratory tests and neurological imaging (3-5).

Of all neurological causes of acute strabismus, CNS malignancies appear as the most 
common cause, followed by inflammatory cranial neuropathies, cerebrovascular diseases, and 
demyelinating disorders. And the most common acute ocular motor neuropathy is sixth cranial 
nerve palsy (2, 3).

Materials and Methods 
Medline and PubMed databases of medical publications were searched, entering key words: 

strabismus, acute strabismus and causes. More than 50 articles were obtained from the last 30 
years, out of which 28 served to prepare this paper in which we present the most important 
insights from the literature, as well as our conclusions from the research in this branch of 
ophthalmology.

Causes of Acute Strabismus
Acute acquired comitant esotropia (AACE) is an uncommon presentation of esotropia that 

occurs in older children and adults. AACE is characterized by an acute onset of a relatively large 
angle of esotropia, along with diplopia and minimal refractive error (4, 5). It is not cyclical, 
although it can be intermittent.
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AACE is classified into 3 types. Common to all 3 types is an acute onset with a relatively 
large angle of deviation, good binocular potential and no underlying neurological disease (6, 7).

Type 1 AACE (Swan type) occurs after eye occlusion or loss of vision in one eye, secondary 
to injury or disease (8, 9).

Type 2 AACE (Burian-Franceschetti type) is characterized by an acute onset of relatively 
large-angle comitant esotropia and diplopia. Refractive error is usually a minimal degree of 
hypermetropia. 

Type 3 AACE (Bielschowsky type) is characterized by acute onset of esotropia in patients 
with uncorrected myopia of -5.00 diopters or more, possibly following physical or mental 
stress. Current research shows that these patients have good binocular function, which can be 
maintained with prisms (8-10).

Other causes of acute esotropia in adults include: sixth nerve palsy, age-related distance 
esotropia, divergence palsy, decompensated accommodative esotropia, decompensated 
monofixation syndrome, restrictive strabismus, secondary esotropia, sensory strabismus, ocular 
myasthenia gravis, diseases of the small brain, brainstem, pituitary gland, corpus callosum, 
Arnold-Chiari malformations, cerebellar disease and idiopathic intracranial hypertension. 
AACE is considered rare, but no statistics are available on its actual incidence or prevalence (11).

The cause of acute acquired esotropia appears to be related to the inability to maintain a 
balance between the converging and diverging powers of the eye, especially in patients with 
uncorrected myopia or after physical or psychological stress, in type 3 AACE. Recently, after the 
rise of the COVID-19 pandemic, it has also been associated with excessive close-up viewing, 
due to the increased use of computers, tablets and smartphones (12).

It can be concluded that AACE can be of diverse etiology, ranging from convergent spasm 
to those having severe intracranial diseases. AACE has a small but significant association with 
intracranial disorders. Neuroimaging is definitely needed in cases that cannot be proven to be 
type 1 or 2 (13).

Treatment of AACE
There are various treatments for AACE, including extraocular muscle surgery, botulinum 

toxin injection, prisms and orthoptic exercises. However, no standard treatment protocol has 
been established. Surgery of the extraocular muscles remains the main method of treatment.

Botulinum toxin injection has a good effect on AACE in adults and children. The results 
achieved with injected botulinum toxin are similar to those achieved with surgery (14).

Discussion
Numerous studies have been done on the association of acute strabismus with neurological 

conditions. Thus, in a study that includes 500 patients, in 24.3% acute strabismus was accompanied 
by a neurological condition, it was a case of non-isolated strabismus, and 70% of them had 
abnormal findings on neurological examinations. It is concluded that non-isolated strabismus 
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in children is a significant predictor of neurological abnormalities and requires immediate 
neuroimaging, as well as close observation and follow-up by an appropriate pediatric team (1).

In another study, where the frequency and cause of acute strabismus was investigated, it 
shows that in one out of four children who appear in the emergency department of ophthalmology, 
it is a neurological disease that is responsible for that strabismus (2).

One study examined the association between metachromatic leukodystrophy (MLD) and 
acute esotropia. Metachromatic leukodystrophy (MLD) is a fatal lysosomal storage disease 
characterized by progressive demyelination in the central and peripheral nervous system. Acute 
strabismus was identified as an early sign in patients with late-infantile MLD, with a prevalence 
of 27%. The onset of strabismus preceded gross motor symptoms and brain white matter 
abnormalities in 71% and 46% of cases, respectively. Important features were acute paralytic 
esotropia, partly accompanied by other eye motility abnormalities, as well as brain white matter 
and cranial nerve changes, as imaged by gadolinium-enhanced MRI (15).

It was concluded that acute-onset paralytic strabismus in young children should be 
considered a potential early sign of late infantile MLD, and may result from early cranial nerve 
involvement. Brain MRI with gadolinium contrast can facilitate early diagnosis (15).

Another 15-years study examined the incidence of acute strabismus, where after identifying 
36 cases with the third, fourth and/or sixth cranial nerve palsy, the incidence was concluded to 
be 7.6 per 100,000. The most commonly affected nerve was the fourth (36%), followed by the 
sixth (33%), the third (22%) and multiple nerve palsy (9%) (16).

A total of forty children were examined in the study, out of which nineteen were male and 
twenty-one were female, aged from 5 months to 12 years (average age 5.7 years), twenty-four 
children complained of acute strabismus, and sixteen of diplopia. Symptoms were at first noticed 
hours to nine months before they called the emergency room (17). The clinical examination 
revealed esotropia in 12 children, exotropia in 4, pseudostrabismus in one child, paralysis of the 
cranial nerves in a total of 4 children, three of them with paralysis of the VI nerve and one with 
paralysis of the III nerve. One child also had proptosis, two had amblyopia and three had a high 
refractive error (17).

Fundus examination showed bilateral optic nerve edema in three children, suspected 
posterior pole retinoblastoma in two children, and diffuse retinal hemorrhages in one child. 
Further investigations revealed primary intracranial hypertension in two patients with optic 
nerve edema and T-cell acute lymphoblastic leukemia in a case with retinal hemorrhages (17).

Neuroimaging findings were abnormal in five children. Magnetic resonance imaging was 
consistent with rhabdomyosarcoma of the orbit in one case, astrocytoma of the pons, thalamus, 
and hippocampus in one case, cavernous sinus thrombosis in one case, and retinoblastoma in 
two patients (17).

The conclusion was that 55% of the children had positive clinical findings of ocular, 
neurological or oncological origin (17).

In the study by Erkan et al., 9 patients with acute strabismus were examined, out of which 
5 were female and 4 were male, aged 20-43. None of the patients had a history of recent trauma, 
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occlusion of one eye or recent illness. The best-corrected visual acuity was 1.0 in all patients, with 
spherical correction in cycloplegia of -1.50 and +0.50 diopters. The Ishihara test was normal. 
Anterior segment examinations and fundoscopic examinations were normal in all patients. All 
patients had full duction and versions, without A or V-pattern strabismus (8).

Angles of deviation were evaluated with an alternating prism cover test, in all 9 cardinal 
positions of gaze. Motility, nystagmus and Lees screen test were examined, which were also 
normal.

These patients were initially suspected of having paresis of the lateral rectus (n. abducens), 
but all these investigations were normal. All patients had a large angle of curvature of 16 to 45 
prism diopters, at distance and near.

In total, 8 patients were successfully treated (3 with prisms, 4 with strabismus surgery 
and 1 with botulinum toxin injections), while 1 patient refused treatment. Four patients were 
successfully treated with recession/resection and all regained binocularity on the Worth 4-point 
near and distance test. In three patients, binocular fusion of the 4-point Worth test was restored 
with prism therapy. Botulinum toxin A was administered to one patient who was unwilling to 
undergo surgical correction. The patient required 3 injections to normalize the Worth 4-point 
test (8).

It was concluded that this is an acute acquired comitant esotropia, which often resolves 
without neurological pathology and has a good motor and sensory outcome with surgical or 
non-surgical treatment. It is emphasized that in the case of nystagmus in abduction or lack of 
binocularity, it can be a neurological disease, so additional investigation, careful approach and 
long-term follow-up are needed in such patients (8).

Acute acquired comitant esotropia (AACE) is used to describe esotropia with dramatic 
onset and a relatively large angle of curvature with diplopia and minimal refractive error. The 
prevalence of acute esotropia is not known, but it is considered rare (18, 19).

Although the etiology of acute acquired comitant esotropia is still debated, it is thought to 
be related to excessive use of computers, tablets and smartphones.

In particular, Lee et al., documented a series of 12 teenagers with acute acquired comitant 
esotropia who used smartphones for more than 4 hours per day. The authors speculate that 
excessive smartphone use may lead to vergence abnormalities, resulting in dynamic activation 
of the medial rectus muscles, and thus the development of manifest esotropia. Interestingly, the 
exodeviation improved in all patients after abstaining from smartphone use for only 1 month. 
However, strabismus surgery was required in 5 patients, who had good postoperative outcomes 
in terms of ocular balance and stereoscopic vision (12, 20).

Tumors of the cerebellum, brainstem, pituitary region and corpus callosum may be 
associated to acute esotropia. Anderson and Lubow reported a patient with acute-onset esotropia 
who had an astrocytoma of the corpus callosum, and the esotropia resolved spontaneously after 
surgery and radiotherapy (21).

In one case report, a 10-years-old child with acute esotropia was described, where at the 
time of evaluation, the neurological finding was fixed and strabismus surgery was performed 10 
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months after the finding. Clinical signs of brain involvement appeared 18 months after surgery, 
that is, 28 months after the onset of diplopia, when medulloblastoma was diagnosed. This 
study emphasizes the importance of long-term follow-up of patients with acute strabismus and 
occasional neurological reevaluation (22).

Arnold-Chiari malformation, anomalies of the craniocervical trunk, pontine glioma, acute 
myeloid leukemia, etc., have been described as other related neurological diseases (23-25).

The association between acute comitant esotropia (AACE) in patients with Arnold-Chiari 
syndrome has been attributed to coexisting hydrocephalus. Acute comitant strabismus is also 
well documented in patients with intracranial tumor without hydrocephalus (23, 25).

A case of acute onset comitant esotropia with diplopia in a 5-years-old boy with diffuse 
pontine glioma is described. Neurological symptoms appeared 10 weeks after the first 
examination (26).

Hentschel et al., describe a rare case of Chiari I malformation presenting with acute 
acquired comitant esotropia (AACE) in a 5-years-old boy. Decompression of the posterior fossa 
with duraplasty and C1-2 laminectomy was performed. There was immediate postoperative 
improvement in esotropia, which completely disappeared 7 months after surgery (27). The 
literature discusses and presents the advantages of the posterior fossa decompression in certain 
patients, rather than strabismus surgery, as the initial treatment for esotropia in this disease. 
The authors suggest that in patients with AACE, even subtle symptoms and signs of Chiari I 
malformation should prompt imaging of the posterior cranial fossa (27).

Mott et al., describe a 15-months-old girl with acute unilateral ophthalmoplegia as a sign 
of acute myeloid leukemia. They believe that her presentation emphasizes the importance of 
appropriate laboratory and radiographic evaluation in a young child with new-onset strabismus, 
which can easily be overlooked as a benign finding in daily clinical practice (28).

Conclusion
Acute strabismus is still an enigma for ophthalmologists. To date, there are no clearly defined 

protocols for the diagnosis and follow-up of these patients. From the review of the literature, 
we can conclude that a very careful investigation is needed to rule out neurological signs or 
symptoms, especially nystagmus, diplopia, ptosis, etc. On the other hand, it is necessary to make 
a cycloplegic refraction, to exclude the accommodative component. If it is proven to be acute 
comitant esotropia, surgical and botulinum treatment have been shown to be successful. In 
cases where there is a neurological background of acute strabismus, which can be detected even 
months after the appearance of diplopia, the treatment is aimed at the primary neurological 
cause, and the strabismus resolves spontaneously in the most of the cases. Finally, it should 
be noted that in patients with acute strabismus, ophthalmic and neuro-ophthalmic diseases 
should be ruled out for the cause of the condition, before applying any conservative or surgical 
procedures for its treatment.
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Abstract
Background
SARS-COV-2 is a single-strain RNA virus that attacks primarily the respiratory system. The 

second most commonly affected system is the cardiovascular. Often it attacks multiple organ 
systems causing multi-organ failure. Atrial fibrillation (AF) is the most common sustained 
supraventricular arrhythmia in acute settings of COVID-19 infection and is associated tomore 
complications and mortality rates. The presence of AF in patients with COVID-19 pneumonia 
should be managed with increased attention to prevent adverse outcomes. COVID-19 may be a 
cause of multiple organ damage in some infected patients.

Aim
This case report aims to bring attention to increased follow-up and careful management in 

patients with COVID-19 infection and other comorbidities, especially cardiovascular.

Case Report
We present a 61 years male patient with a medical history of ablation of pulmonary 

veins 2 years ago because of AF and no new episode of AF after that. The patient came to the 
emergency department because of a collapse, swelling of inferior extremities, and hypotension. 
ECG was obtained and AF was diagnosed. He was tested with a rapid COVID-19 test and came 
out positive after which PCR for COVID-19 was taken and came out also positive. He was 
admitted to ICU and antiarrhythmic and anticoagulant therapy was started after which he was 
medically converted to sinus rhythm. A blood test was taken and came out with hyponatremia, 
hypoalbuminemia, hypothyroidism, and signs of rhabdomyolysis. The patient’s condition 
was associated with a new COVID-indicated complication. In our case, a new COVID-
indicated condition appears Hypothyroidism, rhabdomyolysis, and kidney involvement with 
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hypoalbuminemia. Consultation with an endocrinologist, infectologist, and nephrologist was 
made. Substitution with electrolyte, albumin, and thyroid hormone, as well as hydration was 
started after which his clinical condition started to improve and he was dismissed in good health.

Conclusion
AF is a frequent complication in COVID-19-positive patients. Often these patients show 

other complications with multiorgan involvement. Multidisciplinary approach is of crucial 
importance for a good outcome in these patients.

KeyWords
SARS-CoV-2,atrial fibrillation,hypothyroidism,rhabdomyolysis,kidney damage.

Introduction
Coronaviruses are a family of single-strain RNA viruses. They can affect animals and 

humans. The most important for humans are SARS-CoV (Severe Acute Respiratory Syndrome 
Coronavirus), MERS-CoV (Middle East Respiratory Syndrome Coronavirus), and SARS-
CoV2 (Severe Acute Respiratory Syndrome Coronavirus 2). SARS-CoV2 causes COVID-19 
(Coronavirus disease 2019) (1). SARS-CoV2 caused pandemia on 11th of March 2020. Until 
November 2022 there were 637,679,576 cases of COVID-19 and 6,605,406 death from COVID-19 
worldwide. SARS-CoV2 has higher transmission than SARS-CoV (2). A considerable number 
of patients with COVID-19 how are asymptomatic which contributes to greater transmission of 
the virus. The most common symptoms of COVID-19 infection are fever, diarrhea, rhinorrhea, 
myalgia, dry cough, fatigue, ageusia, hyposmia, hemoptysis, dyspnea, and hypoxemia (3). 
Nasopharyngeal and oropharyngeal swabs help in virus identification with the help of polymerase 
chain reaction (PCR). Blood tests include lymphopenia, elevated lactate dehydrogenase (LDH), 
CRP, liver enzymes, ferritin, D-dimers, creatine phosphokinase, prothrombin time, troponin, 
and ground-glass opacity on radiological findings (4).

The most common cause of death from COVID-19 is acute respiratory distress syndrome 
(ARDS), and multiple organ dysfunction syndromes (MODS). MODS is a clinical syndrome in 
which two or more organ systems are damaged as a result of acute infection, poisoning, extensive 
burn or severe trauma (5). Extrapulmonary organotropism of SARS-CoV2 contributes to the 
involvement of multiple systems and myocardial, dermatological, gastrointestinal, neurologic, 
hepatic, hematology, and renal damage (3). SARS-CoV2 uses its spike to bind to Angiotensin-
converting enzyme 2 (ACE2) receptors and enter the cell. ACE2 receptors are especially 
found in type 1 and type 2 pneumocytes (especially in type 2 alveolar cells), endothelial cells, 
cardiomyocytes, proximal tubule cells in the nephron, epithelial cells of esophagus and ileum, 
urothelial cells of the bladder (5). Renin angiotensin aldosterone system (RAAS) is important 
for the regulation of various functions in numerous organs especially for maintaining blood 
pressure, electrolyte balance, and inflammation. Renin is secreted from juxtaglomerular kidney 
cells and acts on angiotensinogen to convert into angiotensin I (AngI) which forms angiotensin 
II (AngII) and angiotensin III (AngIII) with the help of ACE. AngII increases blood pressure by 
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contracting smooth muscle of arteries and promoting the secretion of vasopressin and oxytocin 
from the pituitary gland, stimulating the secretion of aldosterone by the adrenal cortex, and this 
lead to increase reabsorption of water and sodium by the renal tubule. ACE2 converts AngII to 
Ang and AngI to angiotensin and further to Ang (1-9). Angiotensin  contributes to vasodilatation, 
inhibition of cell proliferation, regulation of blood pressure, diuretic, and natriuretic properties 
(1-7). Pulmonary injury mediated by ACE2 is characterized by diffuse alveolar damage with 
edema and the formation of hyaline membranes. The virus enters the cells via endocytosis and 
this activates A disintegrin and metalloproteinase-17 (ADAM17) to split the ACE2 N terminal 
which results in the downregulation of ACE2 expression. Decreased ACE2 brings increase 
vascular permeability, destruction, and repair in the alveolar wall and diffuse alveolar damage.

The cardiovascular system is the second most commonly affected after the pulmonary system. 
High activity of RAAS in the heart and the production of AngII accelerate the progression of 
heart failure (5). Kidney injury is also mediated by the reduced expression of ACE2 after SARS-
CoV-2 enters the kidney cells to inhibit its anti-inflammatory protective effect. An elevated level 
of Ang II concentration because of the disrupted balance between ACE and ACE2 in the injured 
kidney cells, is leading to further kidney damage (Picture 1).

Picture 1.Multiorgan failure mechanism in Covid-19 patients

Reprinted from “The mechanism of multiple organ dysfunction syndrome in patients with 
COVID-19” by Wenbin Zhao, Hanmeng Li, Jianghua Li, Bin Xu, Jian Xu; J Med Virol. 2022 May; 
94(5):1886-1892; 2022
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MODS is caused by inflammatory cytokine storm, oxidative stress and disseminated intravascular 
coagulation. When SARS-CoV-2 infects endothelial cells, IL-6 is released and increases vascular 
permeability, and promotes the release of pro-inflammatory in the endothelial cells, enhancing 
the release of cytokine. This large release of inflammatory molecules eventually evolves in 
uncontrolled systemic inflammatory cytokine storm and MODS (3).

Case Report
A 61-years-old man presented for examination due to swelling of the lower extremities, low 

blood pressure and sweating. During the examination he collapsed, an ECG was performed and 
atrial fibrillation was diagnosed (Picture 2). 

Picture 2.ECG at admission.

He gives information that seven days ago he had a fever that lasted for three-four days. 
Two days ago, he collapsed at home. He has a history of pulmonary vein ablation two years ago 
because of atrial fibrillation. After the procedure, he had no episodes of atrial fibrillation. He also 
gave information about venipuncture due to elevated values of hemoglobin and erythrocytes. 
Regularly takes Tbl. Acenocoumarol once daily according to the scheme with INR 2-3, Tbl. 
Metoprolol a 95mg S. 1x1, Tbl. Furosemide a 40mg S. 1x1/2, Tbl. Diazepam a 5mg S. 1x1 and 
Tbl. Digoxin a 0.25mg when needed. His blood pressure was 90/70mmHg, his heart rate was 95/
min, and his SpO2 was 90% without supplemental oxygen. He was tested with a rapid COVID-19 
test and came out positive. A control PCR for SARS-CoV-2 was taken which came out also 
positive. He was admitted to the intensive care unit. A blood test was taken and come out RBC 
5.86 1012/L, HGB 176g/L, HCT 0.482, WBC 21.4 109, LYMPH 5.2%, NEUT 79.5%, PLT 114 
109, Troponin I 51ng/L, CRP 4.5mg/L, K 5.4mmol/L, Na 123mmol/L, Creatinin 68.4umol/L, 
Urea 9.9mmol/L, AST 463U/L, ALT 115U/L, creatine kinase (CK) >42670U/L, CK-MB 
1452.76U/L, Myoglobin 1104.27ng/mL, IL6 54.16pg/ml, Albumins 27g/L, Total proteins 49g/L, 
LDH 603U/L. His arterial gas analysiswere pH 7.59, pCO2 33 mmHg, pO2 150mmHg, Lac 
1.2mmol/L, HCO3 32.4mmol/L, BE 9.5mmol/L. 24-hours proteinuria was 1.15ng/L with diuresis 
2.5L. Echocardiography was performed with normal ejection fraction (EF 71% M-mode) and 
normal heart dimensions. Treatment was started with an anticoagulant (LMWH-enoxaparin), 
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antiarrhythmic IV (Amiodarone), correction of electrolyte disbalance was made, substitution 
with albumins and plasma, antibiotic IV (Ceftriaxone) and IVhydration (with NaCl 0.9%). 
Consultation with an infectologist and nephrologist was made. He was medically converted to 
sinus rhythm. Thyroid hormones are checked and came out fT4 13.32pmol/L, T3 1.15nmol/L, 
TSH 13.9uIU/ml, fT3 2.25pmol/L, a-TPO 28.5U/ml, ATG 1.6IU/ml after which consultation 
with an endocrinologist was made and substitution with thyroid hormone (Levothyroxin) 
were started. The patient’s condition began to improve with control blood samples taken with 
decreasing levels of Myoglobin 613.96ng/mL, CK 2386U/L, and normalizing of other laboratory 
values. He was discharged in a stable clinical condition with a recommendation for further 
regular cardiac, endocrinologic, and nephrological medical controls.

Discussion
Cardiac injury is common in patients with COVID-19 and this may be a secondary 

manifestation of systemic infection (Picture 3). The cytokines released in the inflammatory 
process may strengthen the myocardial injury and directly cause arrhythmias due to cellular 
lesions, disturbed oxygen supply unstable coronary plaques and micro-thrombosis (6). 

Picture 3.Mechanism of cardiac injury 

Reprinted from Multi-Organ Involvement in COVID-19: Beyond Pulmonary manifestations by 
Vikram Thakur, Radha KantaRatho, Pradeep Kumar, Shashi Kant Bhatia, Ishani Bora, Gursimran 
Kaur Mohi, Shailendra K Saxena, Manju Devi, Dhananjay Yadav, SanjeetMehariya; J Clin Med. 
2021 Jan;10(3);446 doi: 10.3390/jcm10030446; 2021.

The thrombogenic phenomenon in AF is not only limited to local factors, but also a generalized 
hypercoagulable state may be present too. Similar factors like age, arterial hypertension, history 
of myocardial infarction, renal dysfunction, and a higher value of D- dimer acted as possible 
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co-factors for the onset of AF in patients with COVID-19. Viral infection is one of the leading 
causes of myocarditis, but direct detection of the virus in the heart is rarely reported and it is 
the mostly confined to interstitium or macrophages. The prevalence of myocarditis in autopsy 
cases is less than 2%. Cardiac injury in COVID-19 cases varies between 5-40% which is unlikely 
to be myocarditis that has a low prevalence (7). Myocarditis associated with viral invasion may 
cause fatal arrhythmias. Serum cardiac troponin I levels can be used as an indicator of severe 
SARS-CoV 2 infection and a marker of complications caused by the infection itself. In 15,8% 
of COVID-19 patients, the level of hsTnI was higher than that in the normal range while the 
average level of his-TnI in patients who died was significantly higher than that in survivors (7). 
Therefore, higher myocardial enzyme profiles are a hallmark of COVID-19 heart injury and 
their careful monitoring is necessary to reduce COVID-19-associated complications including 
AF. Patients with AF are at a 2,4-fold risk higher of all-cause mortality than patients without AF (8). 

Cardiac dysfunctions, such as cardiomyopathy, cardiac arrhythmias and hemodynamic 
instability, are known as acute COVID-19 cardiovascular syndrome (8). The presence of fever 
in COVID-19 patients may promote the development of LQTS by altering K+ dependence (7). 
Inflammatory factors acting on the peripheral pathway lead to increased left stellate ganglion 
remodeling, which also leads to the same result: release of a large amount of cytokines that act on 
the hypothalamus, leading to activation of the sympathetic nervous system via the central pathway 
and consequent arrhythmia occurrence (7). Transient inflammatory hypotestosteronemia is 
associated significantly with an increased risk of long QT syndrome and TdP (7). Intravascular 
volume imbalance is common in severely ill patients, and one of the most common types of 
arrhythmias in COVID-19 patients is AF (7). The progressive catecholamine release and 
autonomic nervous system dysfunction, anemia, pain, excitement, ventilator synchronization, 
hypoxia, hypercapnia and acidosis contribute to the arrhythmia occurrence (7). The liver is an 
extrapulmonary site of SARS-Cov 2 infection causing liver injury ranging between 14.8-78% 
and this could be either virus-related or infection-induced cytokine storm. 59.7% of the patients 
with COVID-19 have significant ACE2 expression in cholangiocytes (3). SARS CoV 2 enters by 
TMPRSS2 which facilitates its entry in the cholangiocyte and that causes direct liver injury by the 
accumulation of bile acids. Patients with COVID-19 exhibit a 14.8-53% probability of developing 
a concurrent liver injury, with abnormal serum ALT/AST levels and mildly elevated bilirubin 
levels (5). In severe cases, the albumin level decreased to26.3-30.9g/L, and the proportion of 
liver injury is significantly higher in patients with severe disease than in those with mild disease 
(5). Liver injury caused by SARS-COV 2 through multiple pathways mainly includes moderate 
steatosis, lobular and portal inflammation, apoptosis, and bile duct proliferation (5). The 
expression of ACE2 in hepatic duct cells is much higher than that in hepatocytes so the damage 
in the hepatic duct cells caused by COVID-19 infection may be more serious. ACE 2 expressions 
is found to be high in the bile duct cells as evidenced by elevated liver enzymes. Ablation of 
tight junction protein claudin 1 and down-regulation of apical sodium dependent bile acid 
transporter (ASBT) and cystic fibrosis transmembrane conductance regulator (CFTR) might 
be the contributing factors towards liver injury in COVID-19 (3). Activated virus-mediated 



lymphocytes and macrophages secrets among others IL6, as seen in our case above causing 
hepatic injury. IL6 can directly block hERG channels in ventricular myocytes and over-activate 
the sympathetic nervous system (7). There is an independent association between SARSCoV2 
infection and QTc prolongation IL 6 levels and QTc max in hospitalized patients with COVID-19 
(10). IL6 can inhibit cytochrome P450, especially CYP3A4 which may lead to QT prolongation 
and increase the danger of VT. However, this is uncommon and the most often seen in the end-
stage of disease progression. 
Elevation of inflammation biomarkers including CRP, Il 6, and LDH can predict severe 
COVID-19, and at the same time, early normalization of these markers has been observed in 
patients with better prognoses (8). As we can see in our case, protein levels and albumin with 
proteinuria are affected too, as a sign of kidney injury (3-15%) by ACE2 which is predominantly 
found in the brush-like proximal margin of the tubules, the endothelium of the renal vessels 
and smooth muscle (5). ACE2 deficiency is associated with the formation of lipid peroxidation 
products in the kidney and the increased activation of mitogen-activated protein kinase and 
extracellular signal-regulated kinases 1 and 2 in the glomeruli (5). SARS CoV 2 can be directly 
mediated through ACE2 causing acute renal failure, tubular necrosis, Bowman’s capsule protein 
leakage, glomerular collapse, and mitochondrial damage by decreasing ACE2 levels and its 
direct anti-inflammatory protective effect (5). 

Picture 4. Influence of COVID-19 infection in the outcome of AF 



Reprinted from Association of atrial fibrillation with infectivity and severe complications of 
COVID-19: A nationwide cohort study by Jin Park, Jae Il Shin, Dong‐Hyeok Kim3, Junbeom Park, 
Jimin Jeon, Jinkwon Kim, Tae‐Jin Song;J Med Virol. 2022 Jun;94(6):2422-2430; 2022.

Summary of possible mechanisms and the influence of AF on worsens 
outcomes of COVID‐19

The precise mechanism of AF in patients with COVID-19 is not yet clear; general therapeutic 
guidelines may be considered for the treatment of such patients (Picture 4). Echocardiography 
should be used to assess myocardial function. it is also important to find the trigger and correct 
it in time. In AF patients it is necessary to determine whether it is recurrent as in our case or 
new onset AF (9). If it is a recurrent AF the drug interactions should be considered especially 
antiviral drugs with CCBS and BBC. If the cause of arrhythmia is not corrected in time, the 
risk of recurrence is high, so timely and targeted treatment is needed. If a medical conversion 
is not successful electro cardioversion should be considered (10). Intravenous amiodarone is 
a drug of choice for rhythm control. Drug interactions with antiviral medicines also should 
be considered in such patients.Thromboprophylaxis is recommended in AF patients with a 
CHA2DS2-VASc score of 2 or more(3 in women). The use of anticoagulation witha therapeutic 
dosage is not recommended in general for all patients with COVID-19 if they do not have AF or 
other indications. However, the incidence of embolism is higher in patients with new-onset AF 
(41.7%). Supportive care treatment according to the laboratory findings should be optimized. 
General measures for virus protection of susceptible persons are implemented as social 
distancing, vaccination, and teleconsultation with remote rhythm and rate monitoring enabling 
comprehensive AF management.SARS CoV 2 infection may increase the risk of thrombosis, 
and it is necessary to assess the risk of thromboembolism during and after infection recovery 
and to improve anticoagulant strategies (11). 

Conclusion
AF, new onset and recurrent, may be one of the clinical manifestations of COVID-19-

infected persons. Prompt diagnosis and management of the predisposing factors are paramount 
in its treatment. There are no special guidelines for the treatment of such patients and the general 
guidelines for AFF are applied for rate and rhythm control. Electrocardioversion should be 
considered in hemodynamically unstable patients and also in acute myocardial infarction and 
heart failure.Multiorgan damage is usual outcome of COVID-19 infection.Multidisciplinary 
approach is necessary in such patients and many specialists are involved in treating these patients 
ascardiologists,endocrinologists,nephrologists and others as were in our case. 

Intravenous amiodarone is a drug of choice for rhythm control. Drug interactions 
with antiviral medicines also should be considered in such patients. Thromboprophylaxis is 
recommended in AF patients with a CHA2DS2-VASc score of 2 or more(3 in women). The use 
of anticoagulation witha therapeutic dosage is not recommended in general for all patients with 
COVID-19 if they do not have AF or other indications. However, the incidence of embolism 
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is higher in patients with new-onset AF (41.7%). Supportive care treatment according to the 
laboratory findings should be optimized. General measures for virus protection of susceptible 
persons are implemented as social distancing, vaccination, and teleconsultation with remote 
rhythm and rate monitoring enabling comprehensive AF management.
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Abstract 
Magnetic resonance is a crucial imaging modality in evaluation and classification of lower 

lumbar region masses, in our case sacrococcygeal teratoma (SCT). Sacrococcygeal teratoma is 
the commonest congenital tumor in fetuses and neonates. Sacrococcygeal teratomas are derived 
from all three germinal layers and arise from the ventral surface of the coccyx. The American 
Academy of Pediatrics’ Surgical Section (APPSS) classification helps in grading the extent of 
sacrococcygeal teratomas in four different types. The SCTs appear on MRI as hetero-signal, 
tumor-like masses of varying extent containing soft tissue, fat or liquid components. Treatment 
and further management depend profoundly on the type of SCT which is based on the exact 
MRI findings.

Objective
Subcutaneous tumor-like masses are routinely detected in prenatal ultrasonography, 

however, US as a modality for precise differentiation of these masses is not always sufficient, 
especially in pediatric patients. In our Case Report we point out the diagnostic purpose of post-
natal magnetic resonance imaging in defining the exact type of presacral masses with a large 
external component, as well as the value of the findings for further management and treatment. 

Introduction 
Sacrococcygeal teratomas are derived from all three germinal layers and arise from the 

ventral surface of the coccyx. The American Academy of Pediatrics’ Surgical Section (APPSS) 
classification helps in grading the extent of sacrococcygeal teratomas in four different types.  

Sacrococcygeal teratoma is the commonest congenital tumor in fetuses and neonates. 
The incidence is estimated at ~1:35000-40000. There is recognized female predilection with a 
M:F ratio of 1:4. The sacrococcygeal region is the commonest location for non-CNS terato-
mas. These tumors may get enormous dimensions and contain large blood vessels that pro-
voke blood depriving to the developing fetus. Large teratomas are highly vascular and contain 
significant amounts of blood which may lead to neonatal anemia and high levels of alpha fe-

CASE REPORT UDK:  616-006.2:618.33-073.432.19
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toprotein (1).  Almost all lesions are benign at birth, but malignant transformation becomes 
increasingly likely with time, and that is why an early management of the mass is crucial.  
The differential diagnosis of tumor-like presacral masses should include lipoma, hemangioma, 
meningomyelocele and myelocystocele. In our case sacrococcygeal teratoma is described by its 
characteristics on the neonatal MRI.

Case Report
A 6 weeks old male baby is presented to our Radiology department with the clinical findings 

of a large mass in the lower lumbar region. His mother, 26-years-old primiparous woman was 
previously referred to our Radiology Department by her obstetrician at 35 weeks of gestation 
after a prenatal ultrasonography exam, which was performed in a private hospital, with the 
findings of a presacral semi-cystic mass measuring 40x27mm in the male fetus. The prenatal 
ultrasonography scan, shows a well-defined, hetero-echogenic mass, with hypo-echogenic 
features as well as iso-echogenic compounds, which arises posteriorly from the coccygeal and 
lower sacral area. The mass had the following intrauterine dimensions: 40x27mm, measured 
in sagittal plane. No calcifications were seen. On Color Doppler imaging, it appeared highly 
vascular. Because the exam was performed in a private hospital, we are not able to present the 
findings.

Earlier in the pregnancy, the ultrasound and other prenatal exams showed no abnormalities.  
The patient denied any family history of genetic birth defects and disorders, alcohol or drug use 
during the pregnancy. 

It was decided that the pregnancy should be closely monitored given the fact that the patient 
was due for delivery merely a few weeks after the sonographic finding. 

Six weeks after the delivery, the patient was again referred to our Radiology Department for 
a follow up ultrasound.

The ultrasound of the mass identified an intramuscular, cystic lesion with signs of 
enlargement, measuring 47x32mm in sagittal plane, filled with an-echogenic content as well 
as small hyper-echogenic areas, smooth thick walls measuring 5mm thickness and normal 
vascularization. 

For a better characterization and detecting the communication with local structures of 
the mass, our pediatric radiologist in correlation with a pediatrician, ordered a non-contrast 
magnetic resonance imaging (MRI) scan. 

Figure 1

 
     

a. b. c.



103Vol. 6 No 3, December 2022

Macedonian Journal of Anaesthesia

Figure 1. MRI of pelvis in neonate showing cystic, oval mass arising from the sacrococcygeal 
region on T1 axial plane (a) with predominantly hypo and iso signal components. 
T2 axial plane (b) showing hypersignal inner content with hyposignal thick wall, corresponding 
to fluid signal without any evidence of calcification (diamond shape showing the cystic 
component) 

T2 fat-sat axial plane (c) showing heterogeneously enhanced cystic mass with a thick 
wall with a presence of fat and soft tissue components (arrow showing the solid soft tissue 
components). 

The MRI findings confirmed the ultrasound findings, and the diagnosis was made of a 
predominantly subcutaneous, multi lobulated cystic mass with solid components measuring 
50x38mm, arising from the sacrococcygeal region with extra pelvic and small intrapelvic 
components with a compressive effect on the rectum, which is ventrally migrated, but shows no 
association with the renal tract or spinal canal

Figure 2.
a. b. c.

Figure 2. MRI T2 weighted images (axial, coronal and sagittal planes) showing a sacrococcygeal 
lobulated heterogeneously enhancing mass measuring 50x38mm. T2 axial plane (a) 
demonstrating the dominantly extrapelvic and small intrapelvic localization of the SCT. T2 
coronal plane (b) confirming the predominant extrapelvic localization of the SCT. T2 sagittal 
plane (c) identifying the small intrapelvic component of the SCT.

 
Based on the different MRI pulse sequences signals, with the presence of hypo-signal, iso-sig-
nal, as well as hyper-signal on T1 and T2, the mass diagnostically the most likely corresponds 
to sacrococcygeal teratoma. Following the (APPSS) classification, because in our case the SCT 
has predominant external localization, we differentiated it as type I, although the MRI findings 
confirmed intrapelvic compounds, therefore corresponding to type II, “predominantly external 
SCT with significant intrapelvic extension”. 

Surgical resection has been proposed and the male newborn is appointed for surgery in a 
private hospital. 

The surgery was performed successfully and the resection of the mass was sent for 
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histopathological evaluation, which confirmed the presence of benign neoplasm with germinal 
origin containing soft tissue, fluid-filed, with thick connective tissue wall, without histological 
alterations. All of the components are mature without signs for malignancy, which correlates 
with our MRI findings of a mature sacrococcygeal teratoma. 

Discussion
Sacrococcygeal teratoma is one of the most common congenital tumors in newborns 

and infancy. It happens in 1 per 20,000 ~ 40,000 births and is more common in females (4).  
Classification of sacrococcygeal teratoma can be based on morphological characteristics or 
by their subcutaneous or intraabdominal extent. Mature teratomas are the most common in 
neonates (68%) and older children (73%). Immature teratomas are cystic, whereas malignant 
tumors are solid. Over 50% of sacrococcygeal teratomas have calcification and ossification.

The American Academy of Pediatrics’ Surgical Section (APPSS) classification helps in 
differentiating 4 types of sacrococcygeal teratomas, as follows: 

Type 1: Predominantly external with minimal presacral component. 
Type 2: Present externally, but with significant intrapelvic extension. 
Type 3: Apparent externally, but predominantly a pelvic mass extending into the abdomen.
Type 4: Presacral with no external presentation.
The first two types of the APPSS classification have better long-term prognosis in 

comparison to the remaining two, that is why it is an imperative to correctly identify the 
exact type of the lesion and this can be diagnostically confirmed by MRI in detail. Prognosis 
seems to be related not to the size of the mass, but rather to its content and extent (4). 
Ultrasound has its limitations as an imaging modality because of its limited field of view and 
variable tissue penetration, hence its findings can be non-conclusive, especially for large and 
giant sacrococcygeal teratomas. Diagnosis of a tumor-like mass protruding from the sacral or 
gluteal region with hetero-echogenic appearance is found on the prenatal ultrasound. 

MRI is the modality of choice for confirmation of the diagnosis. MRI is superior to 
ultrasonography in the differentiation of the exact tumor extent, which helps in classification 
of the SCT type. The SCTs appear on MRI as hetero-signal, tumor-like masses of varying extent 
containing soft tissue, fat or liquid components.

Different MRI sequences help in identifying each of these components and their 
predominance in the lesion. The soft tissue component appears as iso signal on both T1 and T2 
sequences whereas fat has a hypersignal appearance on T1 and T2 sequences and is suppressed 
on fat-saturation sequences. The liquid component appears as hypersignal on T2 sequences and 
hyposignal on T1 sequences. The vascular pattern can also be identified by using MRI sequences. 
Therefore, MRI is the modality of choice for classification of SCT using the aforementioned 
AAPSSS scale.

As any other imaging modality, MRI has its limitations, especially in 
pediatric patients where movement artifacts are the most frequent disadvantage 
which also applies in MRI exams. Other than that, contrast is contra-indicated 



105Vol. 6 No 3, December 2022

Macedonian Journal of Anaesthesia

in neonatal MRI which can significantly limit the evaluation of blood vessels.  
Resection is the recommended treatment for SCT and it should be performed as early as possible 
after birth in order to avoid tumor rupture. 

Statistically postsurgical evolution has a satisfactory results and cases remained free 
of disease during 36 months follow up. Some possible causal factors for recurrence include 
incomplete resection with microscopic residues, non all coccyx resection and tumor spread (5). 

Treatment and further management depend profoundly on the type of SCT which is based 
on the exact MRI findings.

Conclusion 
In the majority of cases, SCTs are benign masses, which are crucial to be detected in the fetal 

development by using proper ultrasonographic prenatal screening. Multidisciplinary approach 
to the diagnosis and management is of high importance. The literature suggests following alfa-
fetoprotein levels, as well as regular obstetric ultrasound exams during pregnancy. Because of 
the non-conclusive findings of the ultrasonography, MRI is the diagnostic imaging method used 
to differentiate SCTs and further manage the surgical treatment. 

In some cases, fetal MRI can be indicated as it overcomes the limitations of ultrasound in 
differentiating between different fast growing sacrococcygeal masses in the lower lumbar region.
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