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letter from the editor ACHAIKI IATRIKI   |   2021; 40(1):6

Dear colleagues,

Ιn the current issue, you will find emerging new data 
on the novel coronavirus SarS-coV-2 and cOVid-19. 
the editorial by tourkochristou et al. presents a com-
prehensive update on mrna vaccines. the editorial by 
ntouvas et al. describes the association of cOVid-19 with 
the development of venοus thromboembolic events as 
well as hemorrhagic complications. lastly, the original 
article by rodi et al. reports a protocol for rna extrac-
tion for SarS-coV-2 detection.

in addition, this issue includes an editorial by fragkou 
et al. which discusses the management of abnormal 
liver tests in primary care, a common laboratory finding 
related to liver diseases. Konstantakis et al. describe the 
management of acute pancreatitis according to vari-
ous algorithms. akinosoglou et al. focus on the use of 
information reported by patients (patient reported out-
comes - PrO), aiming to evaluate treatment outcomes 
by health professionals, in order to understand and 
improve the quality of healthcare services. Markantes 
et al. present the new advances in the management of 
differentiated thyroid cancer and conclude that there 
is a great need for the development of novel, targeted 
therapies based on molecular data. lastly, the editorial 
by androutsopoulos et al. presents all relevant aspects 
regarding staging and treatment options of endometrial 
cancer, pointing out that systematic surgical staging 
remains the initial therapeutic approach in endometrial 
cancer patients.

the original article by Maliouki et al. evaluates the 
use of non-invasive Ventilation (niV) with continuous 
positive airway pressure (cPaP) mode in critically ill 
patients with acute or chronic respiratory problems in 
a tertiary general hospital in Greece. another original 
study by Bartsokas et al., investigates the distribution 
differences regarding the geographic location and 
population size between primary sector and hospitals, 
in the middle of economic crisis, in the Western Greece. 
Solomou et al. review imaging findings of upper renal 
tract infection, especially abscess formation, with an 
emphasis on uS and Mri imaging, in the work-up of 
complicated pyelonephritis in young women. 

the first review article, by Mastorakou et al. presents a 
comprehensive overview on health risks from radiation, 
focusing on electromagnetic radiation and suggests 
precautions instructions and the use of protection 
measures to public. lastly, the second review by Zarkada 
et al. summarizes the most recent evidence-based data 
related to paediatric feeding and swallowing disorders 
and in parallel, focuses on the Speech and language 
Pathologist’s perspective on paediatric dysphagia.

c. triantos
assistant Professor in internal Medicine  
and Gastroenterology faculty of Medicine,  
School of health Sciences, university of Patras 
editor-in-chief of the journal “achaiKi iatriKi”



mRNA vaccines to protect against COVID-19

Evanthia Tourkochristou1,2, Athanasia Mouzaki1,3

editorial ACHAIKI IATRIKI   |   2021; 40(1):7–10

PrEfACE
the outbreak of coronavirus disease (cOVid-19), 

caused by severe acute respiratory syndrome corona-
virus 2 (SarS-coV-2), in Wuhan, china, spread rapidly 
around the world and was declared a pandemic by 
the World health Organization on March 11, 2020. to 
date, 97.5 million cases and 2,089,460 deaths have 
been reported worldwide (Johns hopkins coronavirus 
resource center. cOVid-19 Map. accessed January 22, 
2021. https://coronavirus.jhu.edu/map.html). the high 
transmissibility of SarS-cov-2, which causes different 
clinical symptoms that escalate to severe, fatal infection 
in certain cases, made the rapid development of vac-
cines urgent [1]. the development of mrna vaccines 
against SarS-cov-2 was a strategy that gained rapid 
acceptance because their production is simple, rapid, 
and inexpensive - features that can save time against 
the rapidly spreading cOVid -19 pandemic [2].

Previous attempts for mrNA vaccine creation  
and use 

mrna vaccines have already been designed and 
tested in preclinical studies for a variety of infectious 
diseases such as Zika, influenza, papilloma, cMV, ebola, 
rabies and hiV viruses, with varying results [4]. mrna 
vaccines against chikungunya, hMPV/PiV3, h10n8, and 
h7n9 viruses were tested in phase i clinical trials and 
were found to be safe and well tolerated, eliciting robust 
antibody responses and causing mild side effects at 
the injection site and systemically [3-5]. a rabies virus 
glycoprotein (raBV-G) mrna vaccine caused mild to 

1division of hematology, department of internal Medicine 
2division of Gastroenterology, department of internal 
Medicine,  
3laboratory of Molecular diagnosis of infectious agents

Medical School, university of Patras, Patras, Greece

received: 26 dec 2020; accepted: 23 Jan 2021

moderate injection site side effects in almost all vac-
cinated subjects, while systemic side effects such as 
fever, fatigue, and pain occurred in 78% of subjects. 
nevertheless, the vaccine failed to induce a sufficient 
immune response as antibody titers dropped 1 year 
after vaccination [6]. lower antibody titers were also 
observed in clinical trials than in animal studies when 
influenza virus-specific mrna vaccines were used [5]. 
an mrna vaccine against hiV was studied in a phase 
i trial in chronically hiV-infected patients; the vaccine 
induced moderate hiV-specific t-cell responses and 
mild side effects [7]. Studies on optimal dosage, delivery 
systems and routes of administration are still ongoing 
to improve the immunogenic efficacy of mrna vaccines 
and ensure their good safety profile.

formulation and action of mrNA vaccines
a conventional mrna-based vaccine is prepared in 

a simple, rapid, and effective manner in vitro by tran-
scribing linear plasmid dna using a t7, a t3, or a Sp6 
phage rna polymerase. the transcript, which consists 
of an open reading frame encoding the target protein, 
flanking untranslated regions utrs and a poly(a) tail, 
is capped at the 5’ end and purified.

another type of mrna platform, called self-am-
plifying mrna (samrna), is based on an engineered 
genome of alphaviruses that contains genes encoding 
the target antigen and rna replication machinery 
[8]. samrnas are able to direct their intracellular self-
replication, resulting in the synthesis of multiple copies 
of the target protein in a manner that mimics the de 
novo production of viral antigens [8]. lipid nanopar-
ticles (lPns) are effective transporters for engineered 
mrna sequences, ensuring their stability and integrity; 
however, it is still unclear whether their components 

Key words: SARS-CoV-2; BNT162b2; mRNA-1273; mecha-
nism; clinical trials
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can be toxic [9]. a proposed mechanism of mrna vac-
cines is shown in figure 1. Once the lPn-encapsulated 
mrna enters the cytosol of an antigen-presenting cell 
(aPc) via endocytosis, it uses the host cell’s translational 
machinery to drive translation of the target protein, 
which then undergoes post-translational modifications 
to become a properly folded, functional protein. the 
translated target antigen is either degraded by the 
proteasome within the cell, where the antigen peptides 
are transported into the endoplasmic reticulum and 
loaded onto Mhc molecules presenting them on the 
cell surface to induce antigen-specific t-cell responses, 
or secreted by the host cell and re-captured by other 
aPcs (macrophages, dendritic cells, B-cells). the vaccine 

mrna is eventually degraded by the natural intracel-
lular processes [10].

mrNA vaccines against COVID-19 
two samrna vaccines against SarS-cov-2, the 

Bnt162b2 (Biotech/Pfizer) and the mrna-1273 (Mod-
erna), have reached phase iii clinical trials. the mrna-
1273 is an lnP-encapsulated mrna vaccine that encodes 
the S-2P antigen through which SarS-cov-2 enters the 
host cell. this is the first SarS-cov-2 vaccine to enter 
phase i clinical trials on March 16, 2020. mrna-1273, 
administered in 2 doses, showed mild to moderate ad-
verse effects after both vaccinations, eliciting time- and 
dose-dependent antibody responses against the S-2P 

Figure 1. Proposed mechanism of antiviral mrna vaccine. intramuscular injection of the vaccine releases mrna (lPn-mrna) encapsulated 
in lipid nanoparticles in the dermis. the lPn-mrna is taken up by antigen-presenting cells (aPcs), including dermal dendritic cells (dcs) 
and dermal macrophages. Once the lPn-mrna enters the cytoplasm of the aPc by endocytosis, it uses the host cell’s translational ma-
chinery to direct the translation of viral proteins (antigens). after synthesis, the viral proteins are properly folded and made functional by 
post-translational modifications. the translated viral antigens are then degraded by the proteasome within the cell, resulting in antigenic 
peptides. the peptides are transported into the endoplasmic reticulum and loaded onto Mhc (hla) molecules and presented on the cell 
surface to naive cd4+ t helper and cd8+ t cytotoxic cells, which become activated antigen-specific t-cells. antigenic peptides secreted 
by the host cell are recaptured and re-presented by other aPcs. in parallel, they are recognized by naive B-cells in the periphery, which are 
activated and differentiate into igM-producing plasmocytes. B-cells that capture antigenic peptides and present them to antigen-specific t 
helper cells are licensed by these to differentiate and produce isotype-switched antigen-specific antibodies (mainly igG) in the lymph nodes.
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protein, antigen-specific cd4+ t-cell responses, and 
to a lesser extent cd8+ t-cell responses [11]. neutral-
izing antibodies were observed in all participants only 
after the second vaccination, highlighting the need 
for administration of two doses. induction of antibody 
and th1 t-cell responses represents a major goal for 
SarS-coV-2 vaccines to reduce the risk of vaccine-
associated enhanced respiratory disease observed in 
previous animal studies of SarS-coV and MerS-coV 
infections [12]. a phase iii study of 30,420 participants 
(aged 18 to 65 years) who received the vaccine in two 
intramuscular doses showed that the efficacy of the 
vaccine against cOVid-19 starting 14 days after the 
second dose was estimated to be 94.1%, although lower 
in older participants (>65). Mild local reactions and 
transient moderate-to-severe systemic events, includ-
ing fatigue, myalgia, arthralgia, and headache, as well 
as a low frequency (<2%) of non-fatal serious adverse 
events and hypersensitivity reactions were observed 
after the second dose of mrna-1273 [13].

however, there are still limitations, such as the short 
follow-up time of the safety and efficacy of the vaccine, 
as the study is not yet completed and a follow-up of 2 
years will be conducted. the fda granted an emergency 
use authorization (eua) for the use of Moderna vac-
cine mrna-1273 in adults over 18 years of age in the 
united States on december 18, 2020, and the european 
commission approved the use of Moderna vaccine 
mrna-1273 in adults over 18 years of age in europe 
on January 6, 2021.

Bnt162b2 (Biontech/Pfizer) is another lPn-formu-
lated mrna vaccine encoding a prefusion-stabilized 
membrane-anchored full-length SarS-coV-2 spike pro-
tein. two phase i/ii clinical trials were conducted in the 
united States and Germany to evaluate the safety and 
immunogenicity profile of a 2-dose regimen (1, 10, 20, 
or 30 μg per dose) of Bnt162b2 in healthy participants 
aged 19 to 85 years [14,15]. two doses of 30μg Bnt162b2 
achieved a high production of SarS-cov-2 neutralizing 
antibody titers (lasting up to 63 days after the boost 
vaccination) and elicited antigen-specific cd8+ t-cell 
and th1-type cd4+ t-cell responses. however, lower 
antibody responses were observed in older compared to 
younger participants, a result also observed in other vac-
cines, and is attributed to immune senescence [16,17]. 
Bnt162b2 entered phase ii/iii studies (nct04368728) 
including 43,448 participants 16 to 55 years or older, 
assigned 1:1 to receive an intramuscular injection of 30 
μg Bnt162b2 or placebo in a 2-dose schedule, 21 days 

apart. a total of 37,706 participants from various ethnic 
groups, including individuals with obesity and coexist-
ing conditions, and with no evidence of existing or prior 
SarS-coV-2 infection were studied for at least 2 months 
post-vaccination. the efficacy of Bnt162b2 was 95% 
because only 8 cases got cOVid-19 among the 36,523 
participants after the 2nd dose of vaccination compared 
to 162 cases that received the placebo [18]. during the 
clinical evaluation of Bnt162b2, a good safety profile 
was observed, characterized by mild to moderate local 
reactions in all participants (predominantly injection 
site pain and injection site redness or swelling, which 
occurred less frequently) that resolved within 1 to 2 days 
and did not recur after the second dose. Systemic events 
(fatigue, headache, chills, fever, muscle/joint pain) after 
both vaccinations, occurred on day 2 after vaccination 
and resolved within 5 days. fever (>38oc), fatigue, and 
headache were more common in younger participants 
(16 to 55 years old) than in older ones (>55 years old) 
and mainly after the second dose of vaccination. a 
transient slight increase in crP level and a decrease in 
blood lymphocytes were also observed. crP levels and 
lymphocyte counts are considered pharmacodynamic 
markers of the mode of action of rna vaccines, and 
the transient decrease in lymphocytes is probably due 
to the observed redistribution of lymphocytes to lym-
phoid tissues related to the stimulation of the innate 
immune system, according to previous clinical data on 
rna vaccines [19]. Bnt162b2-related serious adverse 
events were reported in a few participants, including 
postvaccination shoulder injury, right axillary lym-
phadenopathy, paroxysmal ventricular arrhythmia, and 
right leg paresthesia; serious systemic events occurred 
in less than 4% of participants. although 2 Bnt162b2 
and 4 placebo deaths occurred, none were related to 
vaccine or placebo administration. Safety monitoring 
will continue for 2 years after the second dose. the 
encouraging results of the Phase ii/iii trials allowed the 
fda to grant Biontech/Pfizer an emergency approval 
for Bnt162b2 on december 11, 2020 and the european 
commission to grant Biontech/Pfizer a conditional 
marketing authorization (cMa) on december 21, 2020.

CONCLUSIONS
future considerations include evaluation of adverse 

events longer than 2 months after boost vaccination, 
duration of vaccine protection, vaccine protection 
in younger adolescents, children, pregnant women, 
immunocompromised individuals, individuals with 
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asymptomatic infection, and individuals with a history 
of coronavirus. in addition, ongoing studies need to 
optimize rna formulation and stability to reduce the 
need for cold storage (the vaccine is currently stored and 
shipped at -60 to -80oc) and improve vaccine efficacy, 
as the nucleotide composition of rna may affect its im-
munostimulatory activity and reactogenicity profile [20].

Overall, given the relatively good safety and immu-
nogenicity profiles of mrna vaccines, there is optimism 
that global vaccination will help end the pandemic 
cOVid-19. hopefully, if this type of vaccine proves effec-
tive, there will be renewed efforts to use this technology 
to produce vaccines for the many infectious diseases 
that remain incurable.
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the coronavirus pandemic caused by the severe 
acute respiratory syndrome coronavirus 2 (SarS-coV-2) 
has been reportedly associated with a high risk of 
thrombotic complications. it is well established that 
viral infections are linked to coagualation alterations 
as part of an interaction between the immune system 
and blood coagulation. Both systems are closely inter-
twined for an effective immune response that limits the 
infection. the key point is the recruitment of leukocytes 
simultaneously with the activation of coagulation where 
clot components, such as fibrin, serve as a scaffold for 
cell adherence and migrations [1]. On the other hand, 
pathogens such as viruses may induce tissue factor 
(tf) expression, a major activator of coagulation, on 
monocytes and endothelial cell surfaces. therefore, 
there is an activation of coagulation that could lead to 
both Venοus thromboembolic events (Vte) as well as 
hemorrhagic complications [2]. it is not well established 
why some viruses cause hemorrhages (e.g ebola), oth-
ers thrombose (e.g. cytomegalovirus, SarS-coV-2) and 
others both complications (e.g. varicella zoster virus).

Μany studies suggest that there is a substantial in-
crease of thromboembolic events in covid-19 patients. 
hence, in a large study from Milan, including 388 pa-
tients, 61 of whom were admitted to the intensive care 
unit (icu), the reported Vte rate was 7.7%. Vte incidence 
was higher in icu patients (16.7% versus 6.4%). it is worth 
mentioning that half of the thromboembolic events were 
diagnosed within 24 h of hospital admission, raising the 
question whether thrombosis is an early complication 
of covid-19 or a determinant of further deterioration 
[3]. in a retrospective study at the amsterdam university 
Medical center, including 198 patients (74 in icu and 
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124 on medical ward), 33 (17%) were identified with 
Vte. the proportion was dramatically higher in icu 
patients (39% vs 3.2%), although they had received 
thromboprophylaxis at standard or double doses [4]. 
likewise, Klok et al. [5], found a 31% incidence of Vte in 
icu patients with covid-19, despite thromboprophylaxis. 
Similarly, cui et al. [6] in 81 icu patients with covid-19 
pneumonia, found an 25% incidence of Vte.

the increased Vte rate in covid-19 patients, com-
bined with an extensive alteration in biological markers 
(e.g. d-dimers), suggest an abnormal hypercoagulabil-
ity. in a retrospective cohort study from Wuhan-china, 
among hospitalized SarS-coV-2 patients, 68% had 
d-dimer levels above the upper limit. although, d-
dimer levels do not constitute a specific marker for 
Vte, increased levels reveal the impact of SarS-coV-2 
to coagulation. More importantly, the d-dimer increase 
was dynamic. it continues to rise as the disease pro-
gresses, reflecting a prognostic indicator of mortality 
[7]. furthermore, in an another study, it is reported 
that prothrombin, a natural anticoagulant, was lower 
in covid-19 patients [3]..additionally, in a case series in 
france, the lupus anticoagulant was identified in 25 of 
56 patients (45%) admitted with covid-19 [8].

covid-19, compared with other bacterial or viral in-
fections, seems to have a stronger correlation with Vte. 
the first 107 consecutive covid-19 patients admitted 
to icu in a single center in france, were compared to 
patients admitted to the same icu one-year prior with 
influenza and other diseases. at the time of analysis, 
22 (20.6%) of the covid-19 patients had Pulmonary 
embolism (Pe). in contrast, one year prior, the general 
and influenza icu population, had Pe rates of 6.1% and 
7.5%, respectively [9]. in another, multicenter study 
from the netherlands, the incidence of thrombotic 
complications in hospitalized covid-19 patients were 
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considerably higher compared to that of hospitalized 
influenza patients, suggesting a possible SarS-cOV-2 
specific effect [10]. furthermore, a prospective cohort 
study from france, which included 150 covid-19 pa-
tients, with acute respiratory distress Syndrome (ardS) 
and 233 ardS patients due to bacterial and other viral 
infections, in 4 icus, revealed that covid-19 patients 
had statistically significant higher rates of Pe (11.7% 
versus 2.1%) [11].

another point of view, regarding the Vte and cov-
id-19 correlation is that according to several studies, 
there is a disproportionate high number of Pe not 
related to deep vein thrombosis [12]. this emerges a 
hypothesis that the pathophysiology of the pulmonary 
thrombotic events in covid-19 may not be embolic at 
all, which in turn could have major implications for 
treatment. a review of 10 autopsies of covid-19 patients 
(5 men, 5 women) found evidence of microthrombi 
in lung tissue, thus raising the suspicion that in-situ 
pulmonary thrombosis may be the main pathophysi-
ological mechanism [13].

in conclusion, covid-19 is a very contagious virus, 
with a high proportion of thromboembolic events. 
Patients admitted to icu are in a higher risk for Vte, 
despite thromboprophylaxis. therefore, it is of vital 
importance to be alert for Vte, when treating covid-19 
patient admitted to hospital, especially in the icu.
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a 60-year old female visits her family doctor’s practice 
for her annual check-up. Βlood tests results are normal 
except for aspartate and alanine aminotransferases 
(aSt and alt) (2x upper limit of normal). She is 167cm 
tall and weighs 83kg. She has no history of hepatitis B 
in her family, but she has not received a vaccination 
against the hepatitis B Virus (hBV). She also reports no 
history of intravenous drug use and no family history of 
autoimmune diseases. She had received a blood transfu-
sion in 1978 during a fracture repair surgery. She claims 
to consume no more than 3 glasses of wine per week. 

this case vignette highlights a common clinical prob-
lem that doctors in primary care face. current practice 
when managing abnormal liver tests in primary care is 
variable with physician strategies ranging from ignoring 
the results, repeating sampling, requesting additional 
tests or referring to specialist services. ideally, a physi-
cian should recognize whether this elevation is clinically 
important and which should be the appropriate steps 
to clarify the etiology of this finding.

the blood tests that are used to assess liver condition 
include aSt and alt, alkaline Phosphatase (alP), Gamma-
Glutamyl transferase (γGt), bilirubin (conjugated and un-
conjugated), Prothrombin time (Pt) and/or international 
normalized ratio (inr), serum albumin and platelet count. 
these tests are generally inexpensive and are commonly 
used in primary care for various reasons including the 
exclusion of chronic liver disease, monitoring for potential 
adverse effects of drugs and investigation of the generally 
unwell patient. it must be stressed that liver chemistries 
including alt, aSt, alP and γGt are markers of liver injury, 
not liver function, and should be referred to simply as liver 

4th department of internal Medicine, aristotle university  
of thessaloniki, General hospital of thessaloniki “ippokratio”

received: 21 feb 2020; accepted: 05 Mar 2020

tests. liver synthetic function is reflected by the levels of 
albumin, bilirubin and prothrombin time which can be 
also influenced by extrahepatic factors. elevation of aSt 
and alt signify hepatocellular injury, whereas elevation of 
alP and γGt usually reflect obstruction of the biliary tree.

it is not uncommon that some of these tests produce 
an abnormal result. approximately 20% of the liver tests 
that are performed for the first time in a patient lay 
outside the reference range [1]. despite the frequency 
that these irregularities may occur, they are not to be 
overlooked. a study in Germany in 1998 by arndt et al 
showed that men with elevated aSt (>18 iu/l) had a 
three times higher risk for all-cause mortality compared 
with men with lower values of aSt [2]. Some of the 
most common mistakes that occur when a patient is 
managed in primary care include unnecessary repeat 
of the tests after a short period of time, disregard of the 
results and unnecessary referral to specialist services. 
another common error is the assumption that the 
magnitude of derangement of a liver test necessarily 
correlates with prognosis. due to the fact that, used in 
isolation, the aforementioned liver blood tests neither 
have high specificity nor can be used as exclusion tools, 
it is considered appropriate that these tests are followed 
by more accurate diagnostic tests. to offer guidance to 
Primary care units physicians on managing abnormal 
liver tests, both the British Society of Gastroenterology 
and the american college of Gastroenterology pub-
lished an upgraded set of guidelines in 2018 and 2017 
respectively [3, 4]. Moreover, an artificial intelligence-
based algorithm was recently developed in Scotland, 
possibly stating a new era for the investigation of liver 
diseases in primary care [5].  Based on irregular values 

Key words: Primary care; liver tests; transaminases; refer-
ral; hepatologist



14 nikolaos M. fragkou, et al

ACHAIKI IATRIKI January - March 2021, Volume 40, Issue 1 

in liver blood tests, the algorithm automatically trig-
gers a series of diagnostic blood tests, in order to find 
the cause of this irregularity. in the end, it proposes a 
diagnosis, which the physician has the right to accept 
or dismiss facilitating the whole investigation process. 

during the discussion with a patient with abnormal 
liver blood tests, it is essential that a physician assesses 
the possibility that these irregularities are related to 
alcohol consumption. this can be aided with the use 
of specific questionnaires like audit-c, which consists 
of 3 simple questions; a) how often does one drink, b) 
how many units of alcohol does one consume and c) 
how often does one “binge drink” [6]. Provided that the 
patient is in high risk for alcohol related liver disease 
and the liver synthetic function is compromised, the 
physician should refer him to alcohol services and to 
a specialist center. apart from ethanol consumption, 
it is important to know whether the patient has been 
exposed to risk factors of contracting a viral hepatitis, 
such as intravenous drug use or blood transfusion before 
1992. Moreover, the patient’s history should include a 
personal and family history of liver and autoimmune 
diseases. naturally, it is of paramount importance to 
reveal any relevant symptoms, comorbidities and con-

comitant medication including those purchased without 
medical prescription. 

as shown in figure 1, there are three distinct patterns 
of liver enzyme elevations. the primary care physician 
should be in place to correctly categorize the patient 
and subsequently follow the corresponding follow-up 
process. at any point, should the physician suspect either 
liver synthetic failure because of otherwise unexplained 
jaundice, low albumin and prolonged inr or malignancy 
because of weight loss or other related symptoms he 
should refer the patient to a specialist center urgently.

in the event that aSt and/or alt levels are elevated, as 
in the patient of the case vignette, a liver etiology screen-
ing panel and an upper abdomen ultrasonography should 
be performed. the “screening panel” should include 
ferritin and transferrin saturation levels, serum immuno-
globulin levels, autoantibodies for autoimmune hepatitis 
and primary biliary cholangitis as well as a screening panel 
for hepatitis B and c (hbsag and anti- hcV with follow-
on Pcr if positive) and hemoglobin a1c to test for type 
2 diabetes mellitus. in addition, the patient should be 
evaluated for any component of the metabolic syndrome 
(arterial hypertension, central obesity and dyslipidemia) as 
non-alcoholic fatty liver disease (nafld) is considered 

Figure 1. diagnostic algorithm of liver tests elevation.



Management of elevated liver enzymes 15

ACHAIKI IATRIKI January - March 2021, Volume 40, Issue 1 

its hepatic component. if any test of the liver etiology 
screening panel or the ultrasound is “positive” then the 
patient should be managed accordingly either locally or 
in a specialist center. in case the liver etiology panel is 
negative but the ultrasound suggests hepatic steatosis, 
the patient is in high risk of suffering from nafld. in this 
case, it is recommended that a first-line, non-invasive 
assessment of liver fibrosis, such as fibrosis-4 (fiB-4) or 
nafld fibrosis Score (nfS), is undertaken to identify pa-
tients with advanced fibrosis [7,8]. Patients with low fiB-4 
(<1.3) or low nfS (<-1.455) can be managed in primary 
care and should be encouraged to make lifestyle changes 
in order to lose weight. Patients with intermediate fiB-4 
(1.3-3.25) or nfS (-1.455-0.675) should undergo further 
testing with transient elastography (fibroscan®) or arfi 
elastography. referral should be considered for patients 
with fibroscan values >7.8 kPa along with patients with 
elevated fiB-4 (>3.25) and nfS (>0.675). lastly, if all the 
results come back negative, then the physician should 
follow the patient and refer him/her to a specialist center 
for further diagnostic investigation in case of persistently 
abnormal results. 

in case that the cholestatic enzymes (alP and GGt) 
are elevated, an upper abdomen ultrasonography and 
a liver etiology screening panel should be ordered. the 
“screening panel” should definitely include serum immu-
noglobulin levels and autoantibodies for autoimmune 
liver diseases, namely autoimmune hepatitis (antinuclear 
antibodies [ana], antibodies against Smooth Muscle 
[aSMa] and liver/Kidney Microsome antibodies [anti-
lKM]) and primary biliary cholangitis (anti-mitochondrial 
antibodies [aMa]). Once there is an abnormal result, a 
referral should be made to a specialist center for manage-
ment of the liver disease. if, on the other hand, the results 
come back negative, the cholestatic liver blood tests 
should be repeated. if still elevated, a referral should be 
again made so that further investigation may take place.

finally, in the scenario that the liver blood tests are 
normal except for an isolated elevation of bilirubin, the 
physician should order some additional blood tests. Split 
bilirubin (unconjugated and conjugated) as well as a full 
blood count and lactate dehydrogenase (ldh) levels to 
test for hemolysis should be performed. if the tests for 
hemolysis are negative, the most probable diagnosis 
is Gilbert’s syndrome which raises the unconjugated 
branch of bilirubin and is completely benign. 

liver disease’s incidence is increasing in contrast to 
many other conditions, predominantly driven by the 
increasing prevalence of nafld. elevation of liver tests 
is a common laboratory finding that is largely associ-

ated with liver diseases. Primary care physicians should 
be able to investigate the etiology of this finding and 
manage their patients accordingly. in this way, they will 
contribute substantially to the early diagnosis of liver 
diseases, thus halting their progression.
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acute pancreatitis is an inflammatory process involv-
ing the pancreas, characterized by local inflammation 
and destruction of the pancreas due to activation of 
pancreatic enzymes followed in more severe cases by 
a systemic inflammatory response. Pancreatitis should 
be considered early in the differential diagnosis of acute 
abdomen, as it comprises 3% of the total cases. despite 
recent advances in treatment, it remains a serious condi-
tion with a mortality rate of 3-8% [1,2].

acute pancreatitis may vary from mild to severe with 
devastating course depending on the extent of local 
and systemic inflammation and complications. Based 
on atlanta’s latest classification, we distinguish three 
categories with different outcomes:
•	Mild acute pancreatitis (80% of cases) is characterized 

by interstitial pancreatic and peripancreatic tissues 
edema without apparent tissue necrosis. there is no 
organ failure and no local or systemic complications 
and is usually self-limited. 

•	Moderately severe acute pancreatitis where we 
have transient (less than 48 hours) organ (s) failure 
or local complications.

•	Severe acute pancreatitis which is characterized 
by organ(s) failure for more than 48 hours and / or 
local complications (pancreatic necrosis, abscess, 
pseudocyst). it is accompanied by high mortality 
(20-30%). in these cases, early diagnosis and aggres-
sive management is mandatory [3].
Many predictive models have been proposed in the 

literature to predict the severity of acute pancreatitis 
based upon clinical, laboratory, and radiologic criteria. 
however, these models have neither high specificity 
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nor sensitivity. close patient monitoring remains of 
paramount importance.

currently, there is no specific treatment for acute 
pancreatitis. Several different management algorithms 
have been recommended over the years. Supportive 
care with fluid resuscitation and pain control remain 
the main steps in the initial management of these pa-
tients [4-6]. Oral intake is initially discontinued (to put 
the pancreas at rest by reducing pancreatic exocrine 
secretion), while strong pain control is usually achieved 
by potent analgesics (e.g. pethidine) only.

correction of hypovolemia and replenishment of 
fluids and electrolytes are of outmost importance. 
Patients with acute pancreatitis suffer from (mild to 
severe) loss of fluid in the third space, so in the early 
hours it is imperative to administer adequate fluids to 
the patient to compensate for this loss and maintain 
blood supply to vital organs [7,8]. ringers crystalloid 
solutions are preferred [9]. usually more than 3-4 liters 
in the first 24 hours are required. caution should be 
exercised both in the elderly and in patients with co-
existing (cardiac / renal) conditions to avoid overload. it 
is recommended to administer 20 ml / kg body weight 
for the first hour followed by 2 ml / kg / h intravenous 
infusion for the first 24 hours with close monitoring of 
vital signs, hematocrit and renal function.

We closely monitor the patient for other complica-
tions, especially hypoxia as the majority of deaths are 
related to respiratory failure. Mechanical support might 
be required in cases of acute respiratory distress syn-
drome. Placement of a nasogastric catheter which used 
to be the standard of care in the past, is now reserved 
only for cases of intestinal obstruction with persistent 
vomiting.

Key words: Pancreatitis; guidelines; management; com-
plications
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Use of antibiotics in acute pancreatitis: Patients 
with acute pancreatitis have an increased risk of devel-
oping infections both local and systemic. up to 20% 
of patients may develop extra-pancreatic (respiratory, 
urinary, etc.) infections that should be treated promptly 
and appropriately. in mild pancreatitis, prophylactic 
administration of antibiotics should be avoided. in se-
vere cases, prophylactic use of antibiotics is still a topic 
of dispute. there is no strong evidence that the use of 
broad-spectrum antibiotics reduces the rate of septic 
complications or improves the overall clinical outcome 
of the disease. therefore, treatment of patients should 
follow the “rules’’ of good clinical practice (i.e. aseptic 
handling) and appropriate antibiotic treatment should 
be reserved for those with valid clinical suspicion of 
infection [4,5,10].

usually septic necrosis in severe pancreatitis occurs 
after the first week and is mainly due to the translocation 
of germs from the gut (escherichia coli, Pseudomonas, 
Klebsiella and enterococcus). in the event of infection 
(fever, no improvement or clinical deterioration, leuko-
cytosis) broad-spectrum antibiotics with proven tissue 
penetration (carbapenem or quinolone, ceftazidime with 
metronidazole) should be administered. Blood cultures 
as well as fluid cultures from percutaneous aspiration 
of collections and necrotic areas provide significant 
assistance and should guide therapy.

Endoscopic retrograde cholangio - pancreatog-
raphy (ERCP) in acute pancreatitis: in cases of stone 
impaction in the ampulla of Vater followed by persistent 
increase in bilirubin and / or coexistent cholangitis 
emergency ercP with sphincterotomy and clearance 
of the bile duct is required. in cases of acute biliary 
pancreatitis without jaundice or cholangitis, even if 
there is suspicion of bile duct stone(s), ercP should be 
postponed [1].

Nutrition in acute pancreatitis: in patients with 
acute pancreatitis, it is necessary to resume feeding no 
later than the second week after admission to avoid over 
catabolism. Oral feeding should be initiated as early as 
possible – as soon as it is tolerated (usually after pain 
is decreasing and inflammatory markers are improv-
ing). in those cases of (severe) pancreatitis where it is 
impossible to initiate oral feeding, artificial nutrition 
support is required [11,12]. enteral feeding is preferred 
over parenteral nutrition, by administration of prepared 
solutions through a nasojejunal catheter or even through 
a nasogastric catheter. intestinal nutrition preserves the 
integrity of the intestinal mucosa and reduces bacterial 

translocation and the risk of septic complications fol-
lowed by intravenous administration [13].

Drainage of fluid collections, aseptic or septic 
necrosis: in cases of local complications that do not 
resolve spontaneously or cases of septic complication, 
it is necessary to aspirate and drain the fluid / necrotic 
collections. the aspirate is then examined (culture). 
Preferably, percutaneous and / or endoscopic drainage 
and debridement of necrotic collections is attempted. 
Surgical management is usually reserved for cases of 
failure of conservative treatment. in up to 65% of cases, 
surgery can be avoided by following a step-up approach 
[14]. usually we prefer the endoscopic drainage of col-
lections, where that is possible, transgastrically or trans-
duodenally, and then double pig tail stents are inserted 
to create a cysto-gastrostomy or cysto-duodenostomy. 
in recent years, use of endoscopic ultrasound (euS) and 
of metallic lumen apposing stents have facilitated fluid 
drainage and easier removal of infected and necrotic 
material respectively (figure 1) [15].

the presence of infected pancreatic necrosis and/
or endoscopic/radiologic failure are indications for 
surgery which ideally should be performed after the 
3rd – 4th week of disease onset to allow the affected 
area to become walled off.

Cholecystectomy in biliary pancreatitis: finally, 
in cases of gallstone acute pancreatitis, cholecystec-
tomy is indicated as soon as possible. following mild 
pancreatitis, performing laparoscopic cholecystectomy 
before the patient’s discharge from the hospital seems 
to be both possible and beneficial because it reduces 
the rates of recurrence [16,17].

Figure 1. drainage of the contents of a pancreatic pseudocyst into 
the stomach with the use of a metallic stent. P = pseudocyst S = 
stomach st. = stent.
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in previous studies, lack of adherence to the published 
guidelines has been reported worldwide [18-20]. compli-
ance with recommendations for administration of fluids, 
antibiotics, nutritional support as well as timing of biliary 
interventions and surgery was not high enough. Overuse 
of antibiotics for inappropriate indications such us fever 
or infection prophylaxis has been reported as well as total 
parental nutrition instead of enteral nutrition especially 
by non-academic physicians [19]. in another recent study 
from canada, 30.3% of patients with acute pancreatitis 
received prophylactic antibiotics and only 22.6% with 
gallstone pancreatitis underwent index admission chol-
ecystectomy despite the existing evidence [20]. there 
is no data on the adherence to published guidelines by 
physicians in Greece, but it must be pointed out that 
strict follow-up and treatment of patients with acute 
pancreatitis according to published recommendations 
may reduce morbidity and mortality of these patients.
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INTrODUCTION
although traditionally, morbidity or mortality has 

been the main criterion of a therapy’s efficacy, quantifica-
tion of assessment of disease outcomes from a patient’s 
point of view has been increasing during the last dec-
ades. a new therapy can show excellent results in the 
improvement of respective biomarkers involved, or even 
prolong life expectancy in the context of clinical trials, 
however, in real life patients may indicate they could 
not adhere to treatment due to side effects, complex 
dosing schemes, and reduced quality of life. Similarly, 
therapists seem to commonly underestimate the severity 
of the disease or be unable to describe the full range of 
clinical manifestations - the patient is experiencing [1]. 
the impact of a disease on patients’ quality of life cannot 
be predicted, and by no means can be correlated with 
the severity of the disease itself from a medical point 
of view.  as a result, the use of information reported by 
patients (patient reported outcomes - PrO) to further 
evaluate treatment outcomes by health professionals, 
is increasingly gaining ground as a way to understand 
and improve the quality of healthcare services [2]. 

a PrO  is defined as modification or interpretation of 
the response from a health professional, or any other” [3]. 
the tools/instruments by which PrOs are evaluated and 
recorded, capturing patients’ perception  regarding their 
state of health, disease and the effects of therapeutic 
interventions, are called PrO measures (PrOMs). Many 
PrOMs are designed to be used in a variety of diseases 
or, may be specific to a particular disease or population. 
in clinical practice, PrOs can be used by patients in a 
self-report format, to detect various clinical manifesta-
tions that otherwise may go undetected. in addition, 
they can be used for monitoring treatment efficacy 
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that common surrogate biomarkers or available indices 
cannot assess. lastly, they allow patients’ more active 
participation to their management plan, that ultimately 
promotes a more human-centered healthcare [4]. how-
ever, PrO should not be confused with the recording of 
disease symptoms from their attending physicians. these 
patient self-report outcomes represent a much more 
multi-dimensional entity, driven entirely by the patient.

PrOM DESIGN
PrOs have many dimensions, that can be measured 

with the right tools. these tools usually consist of self-
completion questionnaires, which may be generic, e.g. 
eQ-5d (euro Quality of life - 5 dimension)  examining 
quality of life, or disease-specific  e.g. SGrQ (St ‘George’s 
respiratory Questionnaire) for chronic obstructive pul-
monary disease [5]. even though, PrOMs are designed by 
the scientific community, involvement of the respective 
patient community that is addressed by each PrOM is 
pivotal, before, during, and after the design and imple-
mentation of such a tool. Patients are the most suitable 
to develop, evaluate and review tools, recognize the 
need for new ones, supply with new study objects de-
pending on community needs, and finally adopt them .

the development and evaluation of PrOMs is an 
ongoing and detailed process that comprises content 
validity, reliability and responsiveness [5, 6]. Briefly, once 
the concept of interest is defined, patients are asked 
questions about this. these questions are defined as 
“objects”. the objects are queried to determine the vari-
ation of a concept. Main concepts evaluated in PrOM 
include quality of life, degree of patient’s satisfaction, 
physical and social functioning, psychological state, 
signs and symptoms, compliance with treatment etc. 
Objects   must be clear, valid and their number depends 

Key words: Patient reported outcomes; patient reported 
outcome measures



20 Karolina akinosoglou, charalambos Gogos

ACHAIKI IATRIKI January - March 2021, Volume 40, Issue 1 

on the completeness of information they provide. they 
are continuously reassessed and improved based on new 
needs, and must be adapted to the target-population 
and individual level of cognitive function and linguistic 
preference. each object should at the same time ensure 
a reasonable recall period (to what extent in the past 
patients are called to answer information about their 
condition), and adequate options of response  (graphic, 
quantitative scale, verbal) [7]. Of note, the patient’s 
response to the same question can be different, de-
pending on the time of day he is called to answer, on 
the type of distribution of the questionnaire (electronic, 
telephone etc), and the results may vary depending on 
the questionnaire completion instructions and patient’s 
literacy level. clearly, the purpose of the tool, the char-
acteristics of the disease, the duration and frequency 
of symptoms, the purpose and intended use of PrOM 
determine objects. Before their final configuration, the 
tools are tested by patients and experts and respectively 
corrected if, for example, objects are not clear or relevant 
to the concept (not considered relevant, requiring fre-
quent clarification), if a limited response range is noted 
(preventing answer variation), have little diversity (all 
patients give the same answer), if there is little change 
detection sensitivity, or redundancy is observed etc. reli-
ability i.e. the measurements are repeatable and stable, 
and distinguish between changes in the response, and 
validity i.e tool measures what it is intended to measure 
and what is important for patients, are important to 
structure a useful PrOM.

PrO APPLICATIONS AND CHALLENGES
initially, PrOs were developed primarily for use in 

pharmacological and medical research [8]. however, 
now PrO tools seem to extend far beyond clinical re-
search, given their ability to transform the healthcare 
system and improve the quality of services by placing 
the patient at the center of decisions. Besides assessing 
parameters that may not be measured by the treating 
physician, and complement information available from 
existing and measurable bio-markers, they seem to have 
predictive value in survival [9] and hospitalization rates 
[10]. thus, they can be used from all parties involved, 
including patients, healthcare givers, insurance compa-
nies, healthcare systems to evaluate quality of care and 
reform budgets. these changes have made regulatory 
agencies such as the fda (uS food and drug adminis-
tration) and the eMa (european Medicine agency), to 
recommend their use in the evaluation and promotion 

of new therapeutic interventions and further optimize 
them, as seen in a variety of products of different disci-
plines [11]. however, their implementation is far from an 
easy task. the heterogeneity of tools, the timing of the 
various stages of the disease that the tools are distrib-
uted, the current illiteracy levels, or the exacerbation of 
anxiety the tools themselves create, remain  just some 
of the challenges [12]. after all, no one-size PrO fits all 
kinds of patients.  

Key points 
•	clinical trial endpoints often fail to be translated to 

meaningful clinical outcomes for patients involved.
•	Patient reported Outcomes represent patients’ re-

port of their state of health, without correction, 
modification, or interpretation of the response from 
a health professional, or any other.

•	Patient reported Outcomes can be assessed by spe-
cifically designed and constructed tools, i.e. Patient 
reported Outcome Measures.

•	Patient reported Outcomes find application from 
clinical research, to every-day clinical practice and 
improvement of healthcare policies.
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thyroid cancer (tc) accounts for 88% of all endocrine 
carcinomas [1], is the fifth commonest new cancer 
diagnosis in women and the eighth most common 
new cancer diagnosis overall in the uS [2]. differenti-
ated thyroid carcinoma (dtc), namely papillary thyroid 
carcinoma (Ptc) and follicular thyroid carcinoma (ftc), 
constitutes 85-95% of all tc cases [3,4]. Ptc represents 
90-95% of dtc [3] and is considered an indolent tumor 
with 10- and 30-year disease-specific mortality rates less 
than 5% [5] and 10% [6], respectively. rare and more 
aggressive subtypes of tc also exist, such as poorly 
differentiated thyroid cancers (6% of tc), anaplastic 
carcinoma (<1% of tc) and the c-cell origin medullary 
carcinoma-Mtc (4% of tc) [3]. Over the last two decades, 
a rising incidence of tc is observed worldwide that can 
be attributed almost entirely to Ptc [7-9]. the observed 
universal rise in Ptc incidence rates is probably due to 
the increased sensitivity of modern diagnostic methods, 
since only the incidence of small (t1) Ptc increases, 
while mortality rates remain stable or even decrease 
[10]. the widespread use of thyroid ultrasonography 
has led to an increased incidental diagnosis of tc in 
asymptomatic individuals [8,11].

for many years, the standard of care for all dtc 
patients included total thyroidectomy with or without 
cervical lymph node dissection, routine post-operative 
radioactive i131 (rai) therapy and thyroid hormone sup-
pressive therapy. after initial treatment, dtc patients 
were closely followed for life, since recurrences or death 
could occur even thirty years after the initial diagnosis 
[6]. however, several clinical trials have shown that such 
an approach is unnecessarily aggressive for the major-
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ity of dtc patients. therefore, the recently developed 
guidelines from the american thyroid association (ata) 
[12] propose a less aggressive initial approach and a less 
intensive follow up for selected dtc patients. 

in particular, they suggest that lobectomy could 
replace total thyroidectomy in intrathyroidal dtc tu-
mors measuring less than 4cm. Suppressive therapy 
with levothyroxine which causes iatrogenic subclini-
cal hyperthyroidism with well recognized deleterious 
health consequences especially in the elderly and in 
postmenopausal women, is reserved only for patients 
with metastatic disease or at high risk for recurrence. 
furthermore, they propose a more conservative use 
of postoperative rai therapy with limited indications, 
lower activities (as low as 30mci) and without thyroid 
hormone withdrawal but with the newly developed 
human recombinant thyrotropin (rhtSh). depending 
on the primary goal of postoperative rai administra-
tion, ata classifies rai therapy as: “rai ablation therapy”, 
intended to destroy benign thyroid remnants and facili-
tate follow up; “rai adjuvant therapy”, aiming to destroy 
suspected but unproven residual disease and decrease 
recurrences; and “rai treatment”, designated to destroy 
residual or metastatic disease and improve survival 
[12]. in this guideline, it is also acknowledged that dtc 
has a distinct biological behavior and though death is 
rare, recurrences or persistent disease could be more 
frequent. therefore, besides the classical aJcc/uicc/
ΤΝΜ staging system which predicts mortality, the ata 
designed another staging system to evaluate the risk 
of recurrence and/or persistent disease in dtc patients. 
the 2015 ata risk stratification system stratifies patients 
into three risk groups (low, intermediate, and high) for 
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recurrent/persistent disease, depending on their clin-
icopathological characteristics after thyroidectomy [12]. 
the usefulness of this system lies in its availability to aid 
clinicians in determining the need for rai therapy after 
thyroidectomy, the degree of tSh suppression and the 
intensity of follow-up. accordingly, rai ablation therapy 
after thyroidectomy is not routinely recommended for 
unifocal or multifocal papillary tumors <1cm, neither for 
other ata low-risk dtc patients in the absence of any 
other adverse feature. Moreover, rai adjuvant therapy 
is not recommended but considered in patients at in-
termediate risk for recurrence or persistent disease [12].  

however, other scientific societies have questioned 
many recommendations of the 2015 ata guidance. 
More specifically, the european thyroid association 
(eta) disagreed with the proposed extent of surgery 
(lobectomy) for low-risk dtc tumors >2 and <4cm.  
they stated three reasons. firstly, in many european 
countries with current or recent longstanding iodine 
deficiency, multinodular disease and bilateral involve-
ment are frequent; secondly, a significant number of 
patients undergoing lobectomy (30-43%) will need 
completion total thyroidectomy due to the discovery 
of high-risk features in pathology reports; finally, lobec-
tomy precludes the subsequent use of rai therapy [13]. 
Besides, the eta, the european association of nuclear 
Medicine (eanM) and the Society of nuclear Medicine 
and Molecular imaging (SnMMi) had many concerns 
regarding the optimal selection of patients for rai 
therapy postoperatively as well as the recommended 
i131 activities for adjuvant therapy [13-15]. european 
experts favor retaining the longstanding, widely ap-
plied practice of rai postoperative therapy in low- and 
intermediate-risk patients, since data from prospective, 
controlled, randomized trials are currently lacking [13]. 
notably, two ongoing prospective, multicenter, rcts 
-ion from the united Kingdom and eStiMaBl 2 from 
france (clinicaltrials.gov identifiers nct01398085 and 
nct01837745, respectively)- are comparing i131 in a 
dose of 1.11 GBq (30mci) versus no i131 in low-risk and, 
in the case of ion, also in intermediate-risk patients. 

finally, during the last decade, much progress has 
been made in understanding the molecular landscape 
of thyroid cancer. activating mutations of genes encod-
ing effectors of the mitogen-activated protein kinase 
(MaPK) and Pi3/aKt/mtOr pathways have been impli-
cated in the pathogenesis of dtc [3]. these two classi-
cal downstream pathways are coupled with receptors 
with tyrosine kinase activity. BrafV600e is the most 

common driver mutation occurring in approximately 
50-60% of Ptc and rather predisposing to aggressive 
tumor behavior, while raS mutations account for 15% 
of ftcs [3]. chromosomal rearrangements of several 
receptors with tyrosine kinase activity, such as ret, 
ntrK, and alK have also been described in dtc [3]. 
advances in understanding the molecular profile of 
these tumors lead to improvements in the diagnosis 
and treatment of dtc patients. although dtc is consid-
ered a tumor with excellent prognosis, approximately 
30% of patients with distant metastatic disease do not 
respond to rai therapy [16]. “rai refractory” patients 
have an unfavorable prognosis with overall survival of 
<50% at 3 years [5]. Sorafenib and lenvatinib are inhibi-
tors of receptors with tyrosine kinase activity (tKi) and 
recently they have been used for the treatment of dtc 
patients with advanced, progressing and rai refractory 
disease. however, despite increasing the progression-
free survival, they do not increase overall survival, and 
have numerous adverse effects that severely impair 
patients’ quality of life [3]. rai therapy in dtc is based 
on the ability of thyrocytes to accumulate rai via the 
na+/i- symporter (niS). rai-refractory disease develops 
because niS expression is suppressed or even absent 
in a subgroup of malignant thyroid tumors. novel tKis 
(such as selumetinib) that can restore niS expression 
and consequently rai uptake with satisfactory clinical 
outcomes have recently been developed. all these drugs 
are currently being tested in clinical trials [16].   

in conclusion, the current approach of dtc patients 
is more sophisticated, less aggressive, and more cost-
effective than in the recent past. however, it is surprising 
that throughout the last century, the mortality and mor-
bidity rates of dtc have practically remained unaltered 
[17]. the development of novel, targeted therapies 
based on molecular data will mark the beginning of 
a new, very promising era in the management of dtc.
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endometrial cancer (ec) is the second most com-
mon malignancy of the female reproductive system 
worldwide [1]. it is more prevalent in developed regions 
(north america, europe, australia and new Zealand), 
compared with less developed ones (central and South 
america, asia and africa) [1]. the disease usually affects 
postmenopausal women and the average annual inci-
dence is about 2.1% [1]. Most patients have abnormal 
uterine bleeding, as the main presenting symptom [1].

classification of sporadic ec in 2 different types based 
on clinical and pathological features, is widely acceptable 
and plays an important role in patient management [2]. 
these 2 types have distinct etiology, natural history and 
clinical behavior [2]. More specifically, type i ec is more 
common (70-80% of sporadic cases) and endometrioid 
in histology, has a less aggressive clinical behavior and 
a more favorable prognosis [2]. in contrast, type ii ec is 
less common (10-20% of sporadic cases) and papillary 
serous, clear cell or undifferentiated in histology, has a 
more aggressive clinical behavior and a less favorable 
prognosis [2].

according to recently published guidelines, systematic 
surgical staging represents the initial therapeutic ap-
proach in ec patients [3-6]. treatment planning should 
be made by a multidisciplinary team (Mdt) including: 
gynecological oncologist, radiation oncologist, medical 
oncologist, pathologist and radiologist [6]. during the 
Mdt meeting, all available treatment options should be 
considered and the extent of surgical procedure and the 
type of postoperative adjuvant treatment should be care-
fully individualized according to disease stage, histologic 
subtype, fertility issues and patient general status [3-6].
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the systematic surgical staging in patients with ec 
includes: total hysterectomy, bilateral salpingo-oo-
phorectomy, pelvic and para-aortic lymphadenectomy 
and complete resection of any suspicious lesion [3-6]. 
especially, in patients with cervical stroma involvement, 
a modified radical hysterectomy should be performed 
in order to obtain clear margins [3-6]. furthermore, 
in ec patients with a high risk disease (tumor grade 
iii, nonendometrioid histology), total omentectomy 
is a necessary part of the systematic surgical staging 
procedure [3-6]. although peritoneal washings have 
no effect on fiGO staging, they should be obtained 
in all ec cases as positive result represents an adverse 
risk factor [3-6].

all these systematic surgical staging procedures 
should be performed by a Gynaecologist with appropri-
ate training in Gynaecological Oncology, using either 
the open (laparotomy) or the minimally invasive (lapa-
roscopy and robotic-assisted surgery) surgical approach 
[3-6]. Both surgical approaches can be used in ec pa-
tients with early stage disease, as they provide similar 
recurrence, overall survival and disease-free survival 
rates [4-6]. however, in high risk ec patients as well as 
in patients with advanced stage disease, laparotomy 
is the standard surgical approach allowing complete 
surgical staging and aggressive cytoreduction [3-6].

Pelvic and para-aortic lymphadenectomy represents 
an essential part of systematic surgical staging in ec 
patients, as this is the only way to diagnose accurately 
fiGO stage iiic disease [3-6]. the systematic pelvic lymph 
node dissection includes: removal of the lymphatic tis-
sue from the distal half of the common iliac vessels, the 
external iliac vessels (down to the deep circumflex iliac 
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vein) and the obturator fossa (above to the obturator 
nerve) [3-6]. likewise, the systematic para-aortic lymph 
node dissection includes: removal of the lymphatic tis-
sue from the aorta and the inferior vena cava (up to the 
level of renal vessels or inferior mesenteric artery) [3-6].

Based on the SePal study findings, the systematic 
pelvic and para-aortic lymph node dissection should be 
routinely performed in intermediate and high risk ec 
patients (stage iB or more in type i ec and any stage in 
type ii ec), as they offer survival benefits [7]. there is a 
direct correlation between the extent of the systematic 
pelvic and para-aortic lymphadenectomy and the risk 
for perioperative complications (vascular or nerve injury, 
lymphocyst, lymphoedema and cellulitis formation) 
[3, 8-10]. especially, in elderly or obese patients with 
co-existing comorbidities (diabetes mellitus, coronary 
artery disease), there is a substantial increase in morbid-
ity and perioperative complication rates, that should be 
carefully balanced with any survival advantage [3, 8-10].

according to the fireS trial findings, sentinel lymph 
node mapping and dissection could be routinely per-
formed in ec patients with early stage disease [11]. the 
main advantage of the sentinel lymph node technique, 
is the significant reduction of perioperative complica-
tions [3-6, 12]. apart from identified sentinel lymph 
nodes, all enlarged or suspicious lymph nodes should 
also be removed based on the established surgical 
algorithm [12, 13]. in case of technique failure in one 
side, a side-specific systematic pelvic lymph node dis-
section should be performed [12]. all dissected sentinel 
lymph nodes should be evaluated with the ultra-staging 
approach [12].

in ec patients with early stage disease (stage i and 
ii) and one or more adverse risk factors (age ≥60 years, 
depth of invasion >50%, tumor volume, lymphovascular 
space invasion, tumor grade iii, nonendometrioid histol-
ogy), postoperative adjuvant treatment (radiotherapy 
and/or systemic therapy) should be administered [3-6].

More specifically, in high-intermediate risk ec pa-
tients (age ≥60 years, depth of invasion >50%, lym-
phovascular space invasion) with early stage disease, 
postoperative adjuvant radiotherapy remains the treat-
ment of choice based on findings of the GOG-99 and 
POrtec-1 trials [3-6, 14, 15]. adjuvant radiotherapy 
could be either vaginal brachytherapy and/or external 
pelvic radiotherapy and should be initiated no longer 
than 3 months after the systematic surgical staging [5]. 
Both radiotherapeutic approaches minimize the risk 
for local recurrences, but have no effect on overall and 

disease free survival (GOG-99, POrtec-1 and POrtec-2 
trials) [14-16]. When comparing both of them, vaginal 
brachytherapy is more tolerated and associated with 
fewer side effects and better quality of life (POrtec-2 
trial) [16].

Moreover, in high risk ec patients (tumor grade iii, 
nonendometrioid histology) with early stage disease, 
postoperative adjuvant radiotherapy could be possibly 
combined with postoperative adjuvant systemic therapy, 
based on the POrtec-3 trial findings [17]. it seems that 
the combination of both therapeutic approaches in high 
risk ec patients with early stage disease, is associated 
with persistent sensory neurological symptoms and a 
minimal improvement in overall and disease free survival 
(GOG-249 and POrtec-3 trial) [17, 18].

in ec patients with advanced stage disease (stage 
iii and iV), postoperative adjuvant treatment (systemic 
therapy and/or radiotherapy) should also be adminis-
tered [3-6].

More specifically, in ec patients with advanced stage 
disease, postoperative adjuvant systemic therapy repre-
sents the treatment of choice according to the GOG-122 
trial findings [19]. adjuvant multiagent systemic therapy 
(doxorubicin - cisplatin) significantly improves overall 
and disease free survival in ec patients with advanced 
stage disease, when compared with whole abdomen 
radiotherapy alone (GOG-122 trial) [19]. however, the 
administration of multiagent systemic therapy was as-
sociated with increased toxicity rates (GOG-122 trial) [19].

Moreover, in ec patients with advanced stage dis-
ease, postoperative adjuvant systemic therapy could 
be combined with adjuvant radiotherapy, based on the 
POrtec-3 trial findings [17]. it seems that the combi-
nation of both therapeutic approaches in ec patients 
with stage iii disease, is associated with significant 
improvement in overall and disease free survival, when 
compared with external radiotherapy alone (POrtec-3 
trial) [17]. Moreover, the combination of both therapeutic 
approaches in ec patients with stage iii or iVa disease, 
does not provide any benefit regarding disease free 
survival, when compared with systemic therapy alone 
(GOG-258 trial) [20].

in conclusion, systematic surgical staging remains 
the initial therapeutic approach in ec patients [3-6]. 
in these cases, all available treatment options should 
be considered by a multidisciplinary team (Mdt) and 
treatment planning should be carefully individualized 
based on disease stage, histologic subtype, fertility is-
sues and patient performance status [3-6].
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An in-house procedure for the isolation 
of total RNA for SARS-CoV-2 detection 
in nasopharyngeal or oropharyngeal 
specimens by quantitative real time PCR
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Abstract
SarS-coV-2, the virus responsible for the ongoing cOVid-19 outbreak, is a positive single-stranded rna virus similar 
to existing SarS-coV viruses, although evolutionarily distant. to date, diagnosis for cOVid-19 has been based on the 
detection of SarS-coV-2 in nasopharyngeal or oropharyngeal specimens using quantitative real-time Pcr (qrt-Pcr). 
the mortality rates and rapid spread of SarS-coV-2 have led to a high demand for commercially available kits and 
reagents for the extraction of viral rna and subsequent qrt-Pcr analysis. from the experience of many laborato-
ries, including our own, there is often a shortage of kits, particularly those for viral rna extraction. We report here a 
protocol we developed for rna extraction for the detection of SarS-coV-2 by qrt-Pcr. Our method uses reagents 
commonly found in molecular biology research laboratories that are readily available and inexpensive. comparison 
of our in-house method with an automated total rna extraction method using a widely available commercial kit 
showed that we consistently obtained the same or better results with our in-house rna extraction protocol.

Key words: COVID-19; RNA extraction; quantitative real time PCR

INTrODUCTION
the novel coronavirus SarS-coV-2, which emerged in 

Wuhan, china, since december 2019, has spread rapidly 
worldwide, infecting over 94.5 million people, of whom 
2,022,279 have died [1]. 

SarS-coV-2 is a positive single-stranded rna virus 
that is similar to previous SarS-coV viruses, although 
it is evolutionarily distant. the SarS-coV-2 ssrna en-

codes proteins with distinct roles, including the spike 
glycoprotein, which is responsible for cell adhesion and 
entry via the host cell receptor ace2, and nsp1, which 
acts as an antagonist of the ifn response and induces 
chemokine secretion [2-6]. 

in patients with cOVid-19, lymphopenia, mainly 
due to activation-induced t-cell death, accompanied by 
reduced numbers of regulatory t-cells and significant 
upregulation of the cytokines il-1β, il-6, tnf-α, il-10 
and the chemokines McP1, iP-10, MiP1a, MiP1B, is as-
sociated with poor outcome [7,8].

to date, diagnosis has been based mainly on the de-
tection of SarS-coV-2 in nasopharyngeal or oropharyn-
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geal specimens by qrt-Pcr [9]. the mortality rates and 
rapid spread of SarS-coV-2 led to a high demand for 
commercially available kits and reagents for viral rna 
extraction and qrt-Pcr analysis. from the experience 
of many laboratories, including our own, there is often 
a shortage of kits and reagents, particularly those for 
viral rna extraction.  We report here a protocol that 
we have developed in our laboratory for SarS-coV-2 
rna extraction to be used for SarS-coV-2 detection by 
qrt-Pcr. Our method uses reagents commonly found in 
molecular biology research laboratories that are readily 
available and inexpensive.

MATErIALS AND METHODS
Ethics

the laboratory of Molecular diagnosis of infectious 
agents, Medical School, university of Patras, Patras, 
Greece, is one of the cOVid-19 reference laboratories in 
Greece that performs SarS-coV-2 detection by qrt-Pcr 
in nasopharyngeal and oropharyngeal samples collected 
by hospital staff or health care workers. 

the laboratory performs these tests for the 6th health 
district of Greece (Southwest Greece and ionian Sea 
islands). the laboratory was established by resolution 
no. 217/9186/12.3.2020 of the extraordinary Session of 
the Senate of the university of Patras 164/12.3.2020, 
which was published in the Government Gazette on 
21/03/2020, no. 955. 

the methodology described in this study and the data 
analyzed are part of a service provided by the labora-
tory to the hellenic national Public health Organization 
(eOdy). eOdy and the Greek government encourage 
the official cOVid-19 laboratories to develop their own 
protocols for rna extraction and SarS-coV-2 detection 
by qrt-Pcr, to increase the diagnostic adequacy of the 
country in case of shortages of commercially available 
kits and reagents for viral rna extraction and qrt-Pcr 
analysis.

case demographics and test results are sent electroni-
cally to eOdy in encrypted files that can be opened with 
a code known only to the laboratory director and desig-
nated eOdy staff. this procedure has been approved by 
the hellenic data Protection authority. for the purpose 
of the current study, informed consent was not required.

Samples
nasopharyngeal and oropharyngeal samples are 

collected in tubes containing dulbecco’s Modified eagle’s 
Medium (dMeM) (copan swabs #330c uSa; deltalab 
Swab Virus #304297 and #304291 Spain; MicroBiotech 

swabs 250/Vir/al, italy) and stored at 4oc until they 
reach our laboratory. Samples are either processed 
immediately or stored at -80oc until processing. Sample 
handling and rna extraction takes place in a biosafety 
level iii laboratory in a type ii hood in a clean room. qrt-
Pcr analysis takes place in a separate laboratory. leftover 
biological and rna samples are stored at -80oc. for this 
work, 6 frozen biological samples were used, including 
4 positive and 2 negative for SarS-coV-2, as previously 
determined using commercial kits, as described below.

In-house method for total rNA extraction
an amount of 300 μl per biological sample was 

transferred to a 1.5 ml eppendorf-type centrifuge tube 
containing 700 μl trizol (t9424 Sigma, Germany), mixed 
x5 by inversion, and left to stand for 5 min at rt. next, 
200 μl chloroform was added, mixed x5 by inversion, 
and allowed to stand for 3 min at rt. the tubes were 
centrifuged at 12,000g at 4oc for 15 min. from the 
supernatants, 500-600 μl/sample were transferred to 
new tubes to which 600 μl of ice-cold isopropanol 
was added. the tubes were mixed x5 by inversion and 
allowed to stand at -80oc for 10 min. the tubes were then 
centrifuged at 12,000g at 4oc for 10 min. after removing 
the supernatant, rna pellets were diluted in 75% ice-cold 
ethanol, and the tubes were centrifuged at 12,000g at 
4oc for 5 min. the ethanol was removed and the rna 
pellets were dried for 10 min at rt. next, 12 μl of nano-
pure water was added to each tube, and the tubes were 
incubated at 37oc for 10-15 min. the rna concentration 
and purity in the aqueous solution was determined 
using a micro-volume uV-Vis Spectrophotometer Q5000 
(Quawell technology, inc. uSa). the method in protocol 
format is shown in table 1.

Automated total rNA extraction
automated total rna extraction was performed with 

the Q-QiaSymphony nucleic acid extractor (Qiagen, 
Germany) using the Qia.937036 Qiasymphony dSP Virus/
Pathogen Mini Kit (Qiagen, Germany) according to the 
manufacturer’s instructions [10, 11]. the final volume 
of each rna sample was 50 μl. for the purpose of this 
study rna concentration and purity were determined 
as described above.

cDNA preparation and quantitative rT-PCr
the preparation of cdnas from both in-house and 

automated extracted rnas and subsequent qrt-Pcr was 
performed using the one-step reverse transcription and 
rt-Pcr detection kit VS-ncO296 ViaSure SarS-coV-2 
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(certest Biotec, S.l., Spain) [12]. for the reaction, 5 μl of 
each rna sample was added to 15 μl of the rehydrated 
reaction mix of the kit containing all the necessary factors 

for reverse transcription and Pcr. reverse transcription 
and qrt-Pcr were performed on a rotor-Gene Q Mdx 
5plex Platform rt-Pcr cycler (Qiagen, Germany). the 
program for the reactions was: 15 min at 45ºc for reverse 
transcription, 2 min at 95ºc for initial denaturation of 
cdnas and then for 45 cycles the following two steps, 
10 sec at 95oc for denaturation and 50 sec at 60oc for 
annealing/extension.

rESULTS AND DISCUSSION
We compared the qrt-Pcr results of 6 total 

rnas extracted from biological samples using either 
Qiasymphony or our own method. total rnas extracted 
with Qiasymphony were in a total volume of 50 μl/
sample. for the in-house method, total rna was first 
diluted in a small volume (12 μl/sample), and serial 
dilutions were performed. the concentration of all 
rna samples was determined spectrophotometrically 
(table 2). 

as shown in table 2, the initial concentrations (a) 
of all rnas prepared by the in-house method were 
higher than those prepared by Qiasymphony. the 
initial concentrations (a) of rnas prepared by the in-
house method were between 10-fold (P1) and 13-fold 
(P3) higher than those prepared by Qiasymphony. the 
final dilution concentrations (d) of the rnas prepared 
in-house were closer to the concentrations of the 
rnas prepared with Qiasymphony. using the in-house 
method, extraction of total rna takes approximately 1 
h and 15 min for 6 biological samples.

for each qrt-Pcr reaction, 5μl per rna sample 
(diluted or undiluted) was used. detection of SarS-
coV-2 using Viasure real time Pcr detection Kit is 
based on amplification of a conserved region of Orf1ab 

Table 1. Step-by-step method for total RNA extraction.

Step Procedure

1. Prepare 1.5 ml eppendorf-type centrifuge tubes 
containing 700 μl trizol (we use t9424 from Sigma, 
Germany)

2. transfer 300 μl of each biological sample into the 
tubes

3. Mix x5 by inverting

4. leave the tubes for 5 min at rt

5. centrifuge the tubes for 15 min at 12,000g at 4oc

6. transfer 500-600 μl of each supernatant to new tubes

7. add 600 μl of ice-cold isopropanol to each tube

8. Mix x5 by inverting

9. transfer the tubes to -80oc and leave for 10 min

10. centrifuge tubes for 10 min at 12,000g at 4oc

11. remove supernatant

12. dilute rna pellets in 75% ice-cold ethanol

13. centrifuge the tubes for 5 min at 12,000g at 4oc

14. remove the ethanol and allow the rna pellets to dry 
for 10 min at rt

15. add 12 μl of nano-pure water to each tube

16. incubate the tubes for 10-15 min at 37oc

17. determine the rna concentration and purity in the 
aqueous solution (we use a microvolume uV-Vis 
Spectrophotometer Q5000 (Quawell technology, inc. 
uSa)

Table 2. Concentrations of total RNAs prepared by the in-house method vs QIAsymphony.

Sample

type of rna extraction

Qiasymphony
in-house method

a B=a/2 c=B/2 d=c/2

P1 19.76 110.24 55.12 27.56 13.78

P2 22.92 328.16 164.08 82.04 41.02

P3 52.88 671.08 335.54 167.77 83.885

P4 25.56 448.2 224.1 112.05 56.025

n1 27.32 499.32 249.66 124.83 62.415

n2 25.68 417.76 208.88 104.44 52.22

rna concentrations are in ng/μl; P, positive sample, n, negative sample. a, initial concentration of rnas prepared by the in-house 
method. B, c and d are serial dilutions of a.



Procedure for total rna isolation for SarS-coV-2 detection by real-time Pcr 31

ACHAIKI IATRIKI January - March 2021, Volume 40, Issue 1 

and n genes of SarS-coV-2 with specific primers and 
fluorescent-labeled probes. in the rotor-Gene Q Mdx 
rt-Pcr cycler, the n gene is amplified and detected in 
the rOX channel, the Orf1ab gene in the faM channel, 
and the internal control (ic) in the heX channel.

as shown in table 3, sample P3 did not yield results 
for the virus n and Orf1ab genes or the internal control 
at the initial concentration (a); this sample yielded 
positive qrt-Pcr results at lower concentrations. in 
reverse transcription reactions it is common to have a 
decrease of efficiency due to an excess of the starting 
template. high concentration templates probably 
contain greater amounts of reverse transcription and/
or Pcr inhibitors that limit subsequent steps. 

four rna samples yielded positive results and 2 
negative, at all concentrations used. regardless of the 
rna preparation method used or its concentration, the 
cycle thresholds (ct) were nearly identical for all targets 
tested (n gene, Orf ab gene and ic) (table 3). in figure 
1, we show characteristic results of qrt-Pcr of 2 positive 
samples (P1, P3) and 1 negative sample (n).

We repeated the in-house rna extraction procedure 
for an additional 200 randomly selected positive 
and negative samples that we had in stock. for the 
additional samples, we decided to use a range of rna 
concentrations between 1.2-264.2 ng/ml of sample 
(median concentration, 116.59 ng/ml) and we obtained 
the same results obtained with the Qiasymphony 

Table 3. Ct values for SARS-CoV-2 gene targets and internal control.

n gene ct

Sample

type of rna extraction

Qiasymphony
in-house method

a B c d

P1 29.44 28.21 29.46 30.22 31.03

P2 25.9 27.78 28.7 29.16 30.71

P3 19.53 - 18.07 19.34 20.02

P4 19.51 20.38 20.49 21.4 22.61

n1 - - - - -

n2 - - - - -

Orf1 ab gene ct

P1 26.85 25.55 27.4 28.42 29.07

P2 22.23 30.2 26.5 27.78 29.17

P3 16.34 - 15.65 16.6 17.41

P4 15.83 20.34 18.7 19.45 20.65

n1 - - - - -

n2 - - - - -

ic ct

P1 20.69 20.16 20.49 20.59 20.4

P2 18.9 17.59 18.3 18.51 18.32

P3 18.62 22.32 17.32 18.12 18.13

P4 17.02 19.14 19.79 20.26 20.16

n1 22.1 18.03 18.63 19.19 19.19

n2 22.38 17.99 19.07 19.38 19.3

rna concentrations are in ng/μl; ct, cycle threshold; ic, internal control; P, positive sample; n, negative sample; a denotes the initial 
concentration of total rnas prepared by the in-house method; B, c and d are serial dilutions of a.
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method. in addition, we were able to extract rna 
from biological samples that could not be used for the 
Qiasymphony method due to too high viscosity or too 
low volume.

CONCLUSIONS
in conclusion, our in-house method for rna 

extraction is standardized to perform as well as or 
better than a widely used automated method for rna 
extraction. Our method uses reagents commonly found 
in molecular biology research laboratories that are 
readily available and cheap to buy, and it yields higher 
amounts of total rna, which can be very helpful when 
the quality of biological samples is poor and/or their 
quantity is very low.

So far, massive screening of the population for SarS-
coV-2 by qrt-Pcr combined with a policy of social 
distancing is the only protection against the infection. 
as vaccination against SarS-coV-2 [13, 14] begins, 
molecular screening will continue to determine whether 
herd immunity develops and whether vaccinated 
individuals are immune to new SarS-coV-2 infections.
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Abstract
Background: non-invasive Ventilation (niV) is increasingly becoming more popular as a useful treatment modality 
of acute respiratory failure prior to intubation in critically ill patients. the aim of this study was to investigate the ef-
fect and outcome of treatment of patients suffering from lung disease, who were provided non-invasive ventilation 
(niV) in the respiratory department of a tertiary general hospital.
Methods: in this retrospective study, a combined analysis of demographic characteristics, age, duration of hospi-
talization, duration of use of niV, outcome of the disease, symptoms and treatment method was performed. data 
were processed to detect factors that affect the outcome of the disease with the use of niV.
Results: data from 95 patients who had been hospitalized during a 2-year period in the respiratory department of 
a tertiary hospital were examined. data analysis showed that the two most common diseases that led to the use 
of niV was pneumonia and other respiratory infections, with no significant variation among different age groups. 
comorbidities played an important role on hospitalization length and outcome.
Conclusion: in this study, the most common indication for the use of niV was respiratory failure due to respiratory 
infection. Older patients with multiple comorbidities required longer hospitalization and had a worse outcome.

Key words: NIV; CPAP; respiratory failure; pneumonia; COPD

INTrODUCTION
Since 1960, the use of invasive mechanical ventilation 

following intubation has been used for the treatment 
of critically ill patients, especially to protect the airways 
and provide ventilatory support. however, in the latest 

decades non-invasive mechanical ventilation (niV) is 
increasingly used in severely ill patients as a measure 
to support the respiratory system [1,2]. it has been 
proven effective in reducing in-hospital morbidity and 
mortality, reducing hospitalization time and cost. niV 
is also facilitating the weaning procedure in intensive 
care units (icu) [3,4,5].

non-invasive ventilation is the use of mechanical 
ventilation that does not require intubation [6]. it was 
initially used in chronic respiratory failure in respiratory 
patients, but it is now also used in acute respiratory 
failure settings (acute respiratory failure, arf) [7]. niV 
has been used for the treatment of acute lung injury 
(ali), acute respiratory distress syndrome (ardS), acute 
exacerbation of chronic obstructive pulmonary disease 
(ae-cOPd), obesity hypoventilation syndrome (OhS) and 
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pulmonary oedema in patients suffering from conges-
tive heart failure [8,9].

the main reason that niV has been popular amongst 
clinicians is the fact that it can be used even outside the 
icu in critically ill patients, helping to reduce the risk 
of intubation in certain patient groups [10]. therefore, 
several major complications of invasive mechanical 
ventilation can be avoided. By using niV, the airways 
remain intact, the normal preventive mechanisms 
remain active, the patient can speak, eat, and drink 
normally. Moreover, ventilator-associated infections 
can be less frequent, and the patient remains awake 
and co-operative. a study comparing niV to invasive 
mechanical ventilation, has shown that niV is associ-
ated with lower risk of in-hospital infection, reduced 
use of antibiotics, reduced icu admission and lower 
mortality [11].

the aim of this study was to evaluate the use of 
non-invasive Ventilation (niV) in critically ill patients 
in the Pneumology department of a tertiary general 
hospital in Greece.

MATErIALS AND METHODS
this was a retrospective study that used data of 2 

consecutive years (Jan 2015 - dec 2016) from hospital-
ized patients in the Pneumology department of a tertiary 
general hospital in Greece. as a retrospective study by 
design, this study did not by any means interfere with 
patients’ treatment selection by any means. all patient 
information was retracted from patient case files and 
was subsequently processed. all collected data were 
anonymized and were safely stored in a dedicated da-
tabase until they were analyzed.

Statistical analysis
clinical and demographic characteristics were com-

pared using student’s t-test. all analyses were performed 
using the iBM SPSS software for windows (SPSS 25.0). 
Statistical significance level was set as usual at p-values 
<0.05.

rESULTS
a total of 95 patients entered this study, 55 men 

(57%) and 40 women (42%). Mean age was 70 years, with 
a range between 28 and 96 years old. 18 patients had 
to be excluded from analysis due to incomplete data.

Most of the patients receiving niV treatment 
belonged to the 61-80 years old age-group, followed 
by the 41-60 years old age-group and the 81-100 years 
old age-group. Only 1 patient was between 21-40 years 
old. the age distribution did not differ between men 
and women (p = 0.348) (table1).

the mean hospitalization time was 24 days in these 
critically ill patients and the mean duration of niV use 
was 9 days. the more commonly used niV setting was 
continuous positive airway pressure (cPaP) in 72 patients 
(94%), while only 5 patients (6%) used bilevel positive 
airway pressure (Bi-PaP type or compatible).

the most common reason for hospitalization 
that required use of niV was a respiratory infection 
(hypoxaemia and respiratory failure), which was present 
in 29 patients (31.5%). it was followed by pneumonia 
with chest x-ray infiltrates in 27 patients (29.3%) and ae-
cOPd in 19 patients (20.7%). in the pneumonia group, 
20 out of the 27 cases were bacterial pneumonias with 
laboratory confirmation (table 2). finally, 6 patients 
fulfilled more than one indication for the use of niV.

hospitalization outcome was also investigated, and 
it was found that 65 patients had been discharged and 

Table 1. Patient characteristics and age distribution.

age Male female total

21-40 1 0 1

41-60 9 12 21

61-80 21 18 39

91-
100

11 5 16

Total 42 35 77

Table 2. Indications for NIV use and percentages.

indication no % indication no %

respiratory infection 29 31.5 ardS 2 2.5

Pneumonia 27 29.3 interstitial lung disease 1 1.2

ae-cOPd 19 20.7 rehabilitation after icu 1 1.2

asthma 4 5.0 Sleep apnoea 1 1.2

acute respiratory failure 3 3.7
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12 patients had died.
the niV indications across age groups were the 

following: pneumonia in the 21-40 years old age-
group, ae-cOPd in the 41-60 years old age-group and 
respiratory infection in the 61-80 years old and 81-100 
years old age-groups.

comorbidities in critically ill patients are always 
an issue and this was also shown in this study, with 
56 patients from the study population having at 
least one or more comorbidities. the most common 
comorbidities were chronic respiratory failure, cOPd, 
diabetes mellitus and coronary artery disease. Patients 
with >2 comorbidities needed more days in hospital 
than other patients (p = 0,048) (tables 3, 4).

DISCUSSION
the use of niV is increasingly considered as an initial 

alternative to mechanical ventilation in critically ill 
patients with acute respiratory failure with certain 
indications. the use of niV in a cPaP setting and proper 
interface is considered a safe, easy to use and effective 
method of ventilation that can be used outside the icu, 
in emergency department rooms and even in a hospital 
ward by qualified personnel.

Some of the prerequisites for its use are: 1) right 
indication, 2) proper interface mask, 3) co-operation 
of the patient and caregivers, 4) close monitoring, 5) 
experience of the medical and nurse team, 6) icu back-
up in case intubation is needed. Of course, in patients 
that fulfil criteria for early failure of niV, all niV procedures 
should be done in the icu setting and not in a regular 
hospital ward.

non-invasive ventilation use is well established in 
the management of respiratory failure secondary to an 
acute exacerbation of cOPd. randomized clinical trials 
have shown that niV reduces the need for endotracheal 
intubation and may also improve survival [1]. the use of 
niV in different clinical settings has been tested in clinical 
trials, with pneumonia and cardiogenic pulmonary 
oedema being common indications together with 
cOPd exacerbations [2]. however, in cases of severe 
pneumonia (multiple lobes involved, hypotension, 
oxygenation index < 250 mmhg) niV shows a high rate 
of failure. these patients should be carefully monitored 
with chest x-rays and arterial blood gas sampling, so that 
mechanical ventilation can be started if necessary [3].

in this study the most common indications for the 
use of niV were respiratory infections. the impact of 
multiple comorbidities on hospitalization time and 
final outcome was also investigated, and a positive 
correlation was revealed between the presence of more 
than 2 comorbidities and the number of days in hospital 
and even in-hospital mortality rates. Older patients with 
more comorbidities were those that required more days 
under treatment and demonstrated a poorer outcome.

finally, this study shows that the use of niV in a 
Pneumology department in a tertiary general hospital 
in Greece was according to recommendations of the 
european respiratory Society (erS) and the British 
thoracic Society (BtS) and that the outcomes were as 
expected according to the findings of wide-scale trials 
around the world.
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Health resources allocation inequalities  
in a deprived Greek region: Differences 
between primary care and hospital sector

Christos Bartsokas, Eleni Jelastopulu

Abstract
Background: accessibility in health care defines a universal health system. Our goal was to investigate the equality 
on the distribution of health resources, in the middle of economic crisis, between hospitals and primary care sector 
in the Western Greece region.
Methods: all data were provided by the hellenic Statistical authority for the years 2010 to 2013. Gini coefficients 
were calculated in order to measure inequality, ranging from 0 to 1, where 1 stand for the absolute inequality. cal-
culations were based on population size and geographic size, respectively, for the indicators: number of institutions, 
health workers and hospital beds. 
Results: distribution of health resources for hospital and primary care sector were reported for each prefecture in 
the Western Greece region separately and as a whole.  the urban prefecture of achaia demonstrated higher rates of 
resources in hospital sector, inversely more rural ones have had higher rates in primary health care resources. Gini 
coefficient ranged between 0.40 to 0.49 for hospitals, while in the primary care sector it was around 0.21, indicating 
a good equality in the distribution of resources.
Conclusion: amidst economic crisis for Greece, inequality in the geographic distribution of health resources was 
evident, despite a more equitable per population distribution of resources. in the urban prefecture of achaia, it is 
more likely to have access to well-resourced hospitals for outpatient care, while the lower rates of health resources in 
the primary care sector depict chronic systemic disparities. a focus on resources needed for specific health services 
will contribute to dealing with inequalities in order to achieve a universal health system.

Key words: Inequality; health care; primary care sector; hospital sector

INTrODUCTION
universal health systems aim to provide health care 

for all, or to rephrase it, they aim on equal distribution of 
health resources based on peoples’ needs [1,2]. health-
care resources are defined as all materials, personnel, 
facilities, funds, and anything else that can be used for 
providing health care services. equity in resource dis-
tribution requires that individuals with the same need 
have access to the same resources (horizontal equity) 

and that individuals with greater need have access to 
more resources (vertical equity). in 2010, WhO reported 
as one of the main barriers to universal health coverage 
the availability and inequitable use of resources [3]. 

in Greece, healthcare services are delivered by pri-
mary care institutions and hospitals. Primary care institu-
tions which mainly focus on preventive health practices, 
seem to lack resources compared with hospitals treating 
medical conditions. thus, more resources have been 
poured into hospitals, further exacerbating disparities 
between hospitals and primary care institutions [4,5]. 
in a generalized framework, the economic crisis which 
started in 2008, deepened inequalities in almost all as-
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pects of social life [6] and had a negative influence on 
population health, especially mental health [7,8]. this 
is partly due to the psychological insecurity, stress and 
access to material goods, and partly as a consequence 
of lack of access to healthcare. 

in the past, several studies have shown inequity in 
healthcare resources regarding specific health condi-
tions [9]; or in a specific health care delivery system 
[10]. in our study, we investigated the differences in 
the distribution of healthcare resources between the 
primary health sector and hospitals in a Greek region 
in regard with geographic location and population 
size. this study’s results can inform policy makers on 
how these resources are distributed among Western 
Greece, a region with one of the lowest gross domestic 
product in Greece [11]. furthermore, since no previous 
study has dealt with the issue in Greece, the findings 
of the present study provide appropriate evidence for 
the future planning and management of health sector 
resources in order to improve access to health services 
in the country.

METHODS AND MATErIALS
data were extracted by the hellenic Statistical au-

thority for the time period between 2010 to 2013 [12]. 
Population and geographic size were reported for West-
ern Greece as a whole and by prefecture. a detailed 
statistical yearbook included exclusively public hospitals 
and primary health centres along with information 
about the number of institutions and number of avail-
able beds and health workers per institution, reflecting 
health resources. 

We used Gini coefficient as the indicator for mea-
suring inequality in the distribution of health resources 
against population size and geographic area. this index 
calculation is based on lorenz curve (figure 1), which is 
a graphical representation of the cumulative proportion 
of health resources against the cumulative proportion 
of geographic area or population size. Pivotal proper-
ties of lorenz curve are, that it always starts at (0,0) and 
ends at (1,1) and cannot rise above the line of perfect 
equality of 450. it defines two areas in the level, area a, 
the area between the line of perfect equality and the 
observed lorenz curve and area B, the one between 
the lorenz curve and the line of perfect inequality. thus, 
the Gini coefficient is the ratio of the area between the 
line of perfect equality and the observed lorenz curve 
to the area between the line of perfect equality and the 
line of perfect inequality. We have used this formula for 
calculating Gini coefficient:

Gini coefficient = area a/(area a + area B)

Figure 1. the straight line (orange line) depicts the line of perfect 
equality where resources are distributed evenly, while the curved 
line (blue line) shows the actual distribution of resources, giving a 
graphic representation of existed distribution inequality

therefore, it could take values from 0 to 1. the higher 
the coefficient, the more unequal the distribution is. thus, 
Gini coefficient values categorised as absolute equality 
(Gi <0.2), high equality (Gi=0.2-0.3), inequality (Gi=0.3- 
0.4), high inequality (Gi=0.4-0.6) and absolute inequality 
(Gi >0.6) [13]. all data were analysed using SPSS v.25.0

rESULTS
tables 1 and 2 show the distribution of health 

resources for hospitals and the primary care sector, 
respectively. the achaia prefecture, the most developed 
one in the region, had a much higher density in the 
distribution of hospitals, beds and health workers in 
the hospital sector, while a more equitable distribution 
compared with other prefectures in the distribution of 
heath resources in the primary care sector. in addition, 
the ilia and etoloakarnania prefectures, reported a much 
lower distribution of resources in the hospital sector 
while in the primary care sector we had a relatively 
inversed picture with increasing rates of resources 
in both rural prefectures compared with the achaia 
prefecture, which could be categorized as more 
industrialised.

table 3 depicts that the Gini coefficients against 
population size ranged between 0.04 and 0.21 in the 
hospital sector: 0.21 for the number of hospitals, around 
0.14 for the number of beds and 0.04 for the number of 
health workers, respectively, indicating a good equality. 
the primary care sector showed a slightly higher level 
of Gini coefficients. the distribution in the number 
of primary health care institutions, beds and health 
workers was equitable, with Gini coefficients ranging 
from 0.21 to 0.34.

no trend was found in Gini coefficients over the 
years from 2010 to 2013. however, relative inequality 
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was evident in the geographic distribution of health 
resources in hospitals. the Gini coefficients were 
between 0.40-0.49 in the geographic distributions 
of institutions, health workers and beds, indicating a 
higher level of inequality. the geographic distribution 
of primary care centres was equitable.

DISCUSSION
in our study, we investigated inequality in the 

distribution of health resources of hospital and primary 
sector in Western Greece, by using Gini coefficient. 
We found that inequality exists per geographic 
distribution of health resources in hospitals. We 
did not detect inequality either in the primary care 
sector or per population size. health inequalities are 
generally understood to refer to differences in health 
between groups of people who are better or worse off 
socioeconomically, as reflected, for example, by their 
occupational status, income level, expenditures, wealth, 
or education, or by the economic characteristics of the 
places where they live. they are unfair and should be 
reduced by the right mix of government policies. 

not finding inequality in the primary care sector 
is not surprising, given that most resource planning 
programs have taken into consideration population size 
[14] and several reforms have been proposed since 1998 
in the primary health care sector. Since Western Greece 
is a region with a medium geographic size but with the 
lowest  Gross domestic Product (GdP), defined as a 
standard measure of the value added created through 
the production of goods and services in an area during 
a certain period, in the country, this makes our results 
even more indicative of Greece’s health related policies 
during the economic crisis [11,15].

Previous research in the field has demonstrated 
that a region with a high density of fairly distributed 
healthcare workforce is more likely to serve the 
healthcare needs of its people than a region with a 
low workforce density [16]. this can be seen in the 
primary sector in western Greece but not in hospitals per 
geographic size, probably due to the fact that despite 
their problems, the Greek primary healthcare centres 
represent the only organisational structure able to offer 
holistic services to clearly defined local populations 

Table 1. Distribution of health resources for the years 2010 to 2013 in the hospital sector.

year
Prefecture hospitals Beds health Workers

Population1 area2 Population area Population area Population area

2010 total 692.269 11.316 0.016 0.972 2.350 143.778 4.839 296.041

etoloakarnania 214.810 5.423 0.009 0.369 1.173 46.468 3.384 134.059

achaia 315.837 3.275 0.019 1.832 3.290 317.251 6.725 648.550

ilia 161.622 2.619 0.019 1.145 1.955 128.293 3.087 190.531

2011 total 690.904 11.316 0.016 0.972 2.316 141.393 4.853 296.306

etoloakarnania 214.270 5.423 0.009 0.369 1.176 46.468 3.510 138.669

achaia 315.165 3.275 0.019 1.832 3.469 333.435 6.758 650.382

ilia 161.469 2.619 0.019 1.145 1.585 97.747 2.917 179.840

2012 total 687.935 11.316 0.016 0.972 2.378 144.574 4.807 292.241

etoloakarnania 212.961 5.423 0.009 0.369 1.235 48.497 3.470 136.271

achaia 313.940 3.275 0.019 1.832 3.638 348.702 6.682 640.610

ilia 161.034 2.619 0.019 1.145 1.434 88.202 2.919 179.458

2013 total 682.583 11.316 0.016 0.972 2.491 150.230 4.795 289.236

etoloakarnania 211.090 5.423 0.009 0.369 1.464 56.980 3.382 131.661

achaia 311.511 3.275 0.019 1.832 3.685 350.534 6.792 646.107

ilia 159.982 2.619 0.019 1.145 1.519 92.783 2.769 169.148

1Population: per 1000 persons; 2area: per 1000 km2
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[17]. While an equal distribution of beds and number of 
health care facilities (in both hospital and primary care 
centers) is documented in the literature, the number of 
healthcare professionals shows a much lower density in 
the primary care sector compared to the hospital sector, 
depicting thus the dominant role of the hospital sector 
in the Greek healthcare system [18-20].

in the present study, we focused on inequalities in 
health resources allocation and comparisons between 
the primary and the hospital sector. existing literature 
is lacking information regarding those inequalities; we 
found only two studies from china and ethiopia, pointing 
out inequalities between health system levels [18,21] 
and only the latter exclusively in the public health sector 
as it is stated in the present study. Similarly to our results, 
a much more developed hospital sector was prominent 
in china. although some progress had been made with 
increased governmental investments in primary care, the 
capacity development of primary care still lags behind 
the hospital sector. Several other studies in china also 
found that quality resources tend to be increasingly 
concentrated in hospitals. in addition, as shown in our 

study, internal disparities within each economic zone 
further illustrate the regional differences in the equality 
of healthcare. the urban prefecture of achaia has a much 
higher level of inequality compared with the other 
regions. Other studies tried to simplify the complexity 
in the nature of healthcare expenses distribution and 
revealed that high income countries demonstrated a 
lower intra-regional inequality compared with lower 
income ones [21,22], recognizing healthcare expenses 
as pivotal in minimizing inequalities. 

a reduction in public spending in Greece between the 
years 2009 to 2013 by 30% deepened the gap between 
preventive medicine policies and curing diseases [23]. 
thus, policies to support primary health care and 
decongest hospitals will strengthen the national health 
system instead of creating the impression of a two-tier 
system that opposes each other. More specifically, more 
health resources, especially quality health workers, 
should be allocated to primary care institutions in order 
to narrow the capacity gap between hospitals and 
primary care institutions. Secondly, regional disparities 
need to be addressed. this can only be done through 

Table 2. Distribution of health resources for the years 2010 to 2013 in the primary health care sector.

year
Prefecture Primary care centres Beds health Workers

Population1 area2 Population area Population area Population area

2010 total 692.269 11.316 0.029 1.767 0.149 9.102 0.381 23.329

etoloakarnania 214.810 5.423 0.047 1.844 0.214 8.482 0.507 20.100

achaia 315.837 3.275 0.016 1.527 0.101 9.770 0.288 27.786

ilia 161.622 2.619 0.031 1.909 0.155 9.546 0.396 24.437

2011 total 690.904 11.316 0.030 1.856 0.149 9.102 0.359 21.916

etoloakarnania 214.270 5.423 0.047 1.844 0.219 8.667 0.452 17.887

achaia 315.165 3.275 0.016 1.527 0.086 8.244 0.260 25.038

ilia 161.469 2.619 0.037 2.291 0.180 11.072 0.427 26.346

2012 total 687.935 11.316 0.031 1.856 0.129 7.865 0.332 20.237

etoloakarnania 212.961 5.423 0.047 1.844 0.197 7.745 0.470 18.440

achaia 313.940 3.275 0.016 1.527 0.073 7.023 0.197 18.931

ilia 161.034 2.619 0.037 2.291 0.149 9.164 0.416 25.582

2013 total 682.583 11.316 0.031 1.856 0.136 8.218 0.243 14.669

etoloakarnania 211.090 5.423 0.047 1.844 0.180 7.007 0.370 14.383

achaia 311.511 3.275 0.016 1.527 0.074 7.023 0.170 16.183

ilia 159.982 2.619 0.038 2.291 0.200 12.218 0.219 13.364
1Population: per 1000 persons; 2area: per 1000 km2.
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financial transfer coordinated by the central government. 
the current governmental budgeting system and the 
social health insurance arrangements in Greece are 
highly centralized and tethered, preventing the central 
government from fulfilling this role [24].

this study has some limitations as it analysed only a 
short period of time, in the middle of economic crisis. it 
would be interesting to perform further analyses on the 
longer-term changes, not only in Western Greece but 
throughout the country, when data are made available. 
We have selected those health resources indicators 
based on the availability by hellenic Statistical authority.

CONCLUSIONS
the proper and fair distribution of health resources, 

hospitals, beds and manpower, has a crucial role in 
delivering healthcare services. inequality was found 
for health resources in the hospital sector in regard 
with geographic distribution, despite a more equitable 
per capita distribution of resources. the distribution of 
the primary health sector resources in Western Greece 
demonstrated a good equality, too. in addition, an 
existing gap in resources rates between urban and 
rural prefectures, was revealed; depicting the fact that 
people living in an urban area are more likely to use 
well-resourced hospitals than people living in rural 
areas. further research should identify inequalities 
in resources needed for the deliverance of specific 
health services. in this way, the adjustment of specific 
healthcare policies will lead to a fairly equal distribution 
of health resources as a milestone in the development 
of a universal healthcare system.
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Pyelonephritis, complicated by abscess 
formation, in young women, in the context 
of daily clinical praxis. Which is the best 
work-up imaging protocol?  
A mini pictorial review

Aikaterini Solomou1, Pantelis Kraniotis1, Nikolaos Ntoulias2, Anastasios Apostolos2,  
Irene Tsota3, Aspasia rigopoulou1

Abstract
Background: renal abscess is a rare complication of acute pyelonephritis. radiologic imaging is important, bearing 
in mind the lack of laboratory tests’ specificity for the diagnosis of an abscess. it mostly occurs in diabetes mellitus 
patients (75% of abscesses) and/or in the existence of a stone, with young women being the most affected popula-
tion. Our goal was to highlight the optimal imaging protocol, in the work-up of complicated pyelonephritis in young 
women, trying to avoid radiation exposure.
Methods: four (4) cases of renal abscess following acute pyelonephritis in women of relatively young age, ranging 
from 17 to 22, who were admitted to our hospital in a 18-months period. all patients were submitted to ultrasound 
(u/S) examination and one patient to Magnetic resonance imaging (Mri).
Results & Conclusions: Because of its availability and low cost, u/S appears to be the first-line imaging technique for 
the investigation of a renal abscess after acute pyelonephritis. Particularly in cases of young women where imaging 
findings or laboratory tests are inconclusive, Mri with diffusion-weighted images (when available) should be used 
as an adjunct to confirm the abscess, obviating the need of radiation exposure.

Key words: Renal abscess; ultrasonography; magnetic resonance imaging; diffusion weighted imaging; pyelonephritis; 
women’s health
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INTrODUCTION
Pyelonephritis is one of the many faces of urinary 

tract infection (uti) and the formation of renal abscess 
is considered a rare clinical complication [1]. it mostly 
occurs in diabetes patients (75% of abscesses) and/or 
with coexisting renal calculi with young women being 
the most affected population [2]. fortunately, the im-
provement of imaging techniques (ultrasound (u/S), 
computed tomography (ct) and Magnetic resonance 
imaging (Mri) in combination with the advancement of 
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medical treatment and the wide application of interven-
tional techniques, like percutaneous abscess drainage, 
have significantly decreased mortality rates from 40-50% 
to about 1.5%-15% in the last three decades [3]. 

We herein report a case series of renal abscesses in 
young women, highlighting the most prevalent imag-
ing features and stressing-out the necessary imaging 
protocol, in order to avoid radiation exposure.

MATErIALS AND METHODS
We detected four cases of renal abscesses following 

acute pyelonephritis between May 2018 and novem-
ber 2019 from our hospital archives. all patients were 
caucasian women of young age, ranging from 17 to 
24 years old, that were admitted to our hospital due 
to clinical manifestations resembling those of uti and 
especially pyelonephritis. the right kidney was affected 
in 3 of the 4 cases. Patients did not present any other 
comorbidity, chronic medical treatment or had a history 
of a surgical procedure.

after a clinical examination and relevant laboratory 
tests, all patients were initially imaged with u/S scan 
[5]. in one case, with inconclusive clinical and lab tests, 
further imaging was needed. the patient was pregnant 
and could not be submitted to ct. in order to confirm the 
diagnosis, the latter patient was submitted to Mri, with 
dWi, without intravenous Gadolinium administration. 

RESULTS 
U/S

Patients were scanned with a convex probe and both 
grayscale and color doppler images were acquired. the 
location of the abscesses was mainly cortical. largest 
dimensions ranged between 1.5 to 2.4cm. the lesions 
were mainly hypoechoic. On color doppler there was 
no vascularity within the lesions, apart from one where 
there was minimal internal vascularity. all cases pre-
sented with a small amount of perirenal fluid. renal 

calculus was detected in one case. ultrasound findings 
are summarized in table 1. ultrasound imaging findings 
are highlighted in fig. 1-4.

MrI
the Mri protocol included t2Wi tSe coronal and 

axial planes, t2Wi tSe axial with fat- suppression images; 
diffusion balances 0, 50, 100, 150, 500, t1 Gre with fat 
suppression axial and coronal images and t1Wi Gre 

Table 1. Ultrasound characteristics of renal abscesses

Patients location echogenicity
colour doppler vascularity  
within lesion

Perirenal 
fluid

renal 
stones

1 cortex heterogeneously hypoechoic no yes no

2 cortex inhomogenously hyperechoic no yes no

3 cortex Mixed echogenicity Minimal yes yes

4 corticomedullary 
Junction

hyperechoic no yes no

Figure 1 (a-b). Patient #1. ultrasound images, grayscale (a) and color 
doppler (b) show a well-defined inhomogeneously hypoechoic 
lesion, (largest dimension 1.5cm) within the renal cortex which 
has a more hypoechoic center. On color doppler the lesion is 
hypovascular with only peripheral vascularity (b).
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Figure 2 (a-b). Patient #2. ultrasound im-
ages, grayscale (a) and color doppler (b) 
show a well-defined inhomogeneously 
hyperechoic lesion (largest dimension 
1.5cm), within the renal cortex which has a 
more hypoechoic center. On color doppler 
the lesion is hypovascular with peripheral 
vascularity only (b). (c-d). Patient #2. axial 
dWi (c) and corresponding adc map (d). 
the lesion is hyperintense on the dWi and 
hypointense on the adc, consistent with 
true diffusion restriction.

Figure 3 (a-b). Patient #3. ultrasound grayscale images show a 
well-defined lesion within the renal cortex (largest diameter 1.6cm) 
with mixed echogenicity and predominantly hyperechoic center 
(a). there is also a small quantity of perirenal fluid around the upper 
pole of the kidney (b).

Figure 4. Patient #4. Α hyperechoic lesion (largest diameter 2.4cm) 
centered within the corticomedullary region.

a c

b d

in- and opposed phase in the transverse plane. the 
abscess detected as an inhomogeneous lesion with 
internal moderately high t2-Wi signal, surrounded by 
a thin hypointense wall. there was restricted diffusion 
with high signal in the dWi images and low values in 
the corresponding adc map, in keeping with an abscess 
(fig. 2c-d).

DISCUSSION
renal abscesses may occasionally be present in pa-

tients with pyelonephritis as a focal or hematogenous 
complication [6]. the main risk factors include: diabetes 
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mellitus, renal calculi and ureteral obstruction. the 
clinical outcome of the patient relies mainly on early 
diagnosis, so radiological imaging plays a significant role 
[7]. laboratory tests are not specific for the diagnosis 
of renal abscess; however, the diagnosis is established 
with u/S or ct/ Mri studies. u/S is the first line imaging 
modality performed because of its low cost, feasibility, 
widespread availability, and low examination time. 
however, ct with contrast agent outmatches uS in the 
diagnosis of renal abscesses with a very high diagnostic 
rate [8]. ct finds great usage in cases of inconclusive u/S 
diagnoses, assessing accurate abscess size and exten-
sion and providing information about kidney function. 
additionally, ct is important in the follow-up of medical 
treatments. On the other hand, despite the higher sen-
sitivity and specificity of Mri and its overall diagnostic 
value, it is not used as a first line diagnostic technique, 
due to its relative inaccessibility and its higher cost. Mri 
is essential in patient’s follow-up imaging and in cases 
that require avoiding radiation dose such as paediatric 
patients or pregnant patients. however, all the above-
mentioned techniques contribute to the earliest possible 
diagnosis, management and follow-up of patients with 
renal abscesses following acute pyelonephritis [9]. a 
renal abscess in the ultrasonography usually presents 
as a well- or moderate-defined hypoechoic lesion, rarely 
with internal hyperechogenicity. it is usually located 
in the cortex or in the cortico-medullary parenchyma, 
regularly accompanied by perinephric collection. Sep-
tations and loculations have been described into renal 
abscesses. the differential diagnosis between a renal 
abscess and focal nephritis remains an issue for radi-
ologists; focal nephritis usually presents with smaller 
lesions with poorly defined borders. the combination of 
acute pyelonephritis is demonstrated by a hypoechoic 
kidney [10]. Studies using doppler show absence of 
vascularity in the necrotic pus-filled region, while the 
flow in the wall may be variable. a modern approach 
includes contrast-enhanced u/S for evaluating renal 
abscesses, which provides better specificity and sensi-
tivity comparing to classic u/S. in addition, it has been 
supported that contrast-enhanced may be equal to ct 
on imaging quality, while it can be applied even in young 
women avoiding radiation exposure [11]. On ct, early 
abscess emerges as ill-defined hypoattenuating non-
enhancing lesion. in the contrary, late abscess appears 
as well-defined hypoattenuating lesion surrounded 
by a thick irregular enhancing/hypervascular wall. the 
presence of gas within a hypoattenuating cystic forma-

tion is compatible with an abscess. unenhanced ct is 
useful to provide information about calculi, gas-forming 
infections, haemorrhage, and parenchymal calcifica-
tions, while the use of intravenous contrast material 
especially the nephrographic phase (50-90 seconds) is 
essential for the diagnosis of renal abscess due to the 
significant differentiation between the normal enhanc-
ing renal parenchyma and hypovascular lesions [12,13]. 
computed tomography (ct) is considered the gold 
standard imaging modality not only for the diagnosis 
and assessment of acute pyelonephritis but also for the 
severity of inflammation and its complications such as 
an abscess. however, it should not be used in young 
women and especially during pregnancy, due to radia-
tion exposure concerns. Mr-imaging is essential for the 
diagnosis of abscesses although its usage is limited. the 
use of diffusion-weighted images provides immediate 
and accurate diagnosis as it shows restriction of diffusion 
with low signal of the affected area, in the adc map, 
which is indicative of renal abscess.  contrary to ct, it 
can be used for further investigation of renal abscesses 
especially in children and young women where radiation 
protection concerns are raised. [12,14]

the specificity and sensitivity of the imaging meth-
ods are not well-established with important variance, 
as it is affected by physicians’ experience and abscess’ 
characteristics. it is supported that newer applications 
of uS, like tissue harmonic imaging have reported 
sensitivity and specificity equivalent to 97% and 80%, 
respectively [15]. ct provides higher sensitivity and 
specificity (>90%) than uS, when an intravenous agent 
is administered [16]. the existing literature do not ana-
lyze the prognostic value of Mri for renal abscesses as 
a diagnostic approach.

CONCLUSION
the formation of an abscess due to pyelonephritis 

is very uncommon. ct is considered the gold standard 
examination to detect renal abscess, when clinical con-
cern is raised, according to the literature. however, in 
cases of very young women of child-bearing age and/
or in cases of pregnant women ultrasound should be 
the first line investigation. in inconclusive cases, Mri 
with dWi (when available) should be used instead of 
ct in order to avoid radiation exposure in this sensitive 
group. furthermore diffusion-weighted images can 
characterize the lesion without the need for iV Gado-
linium administration.
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INTrODUCTION
Online conspiracy theories linking 5G wireless ser-

vices to the novel coronavirus cOVid-19 outbreak had 
some dangerous real-world consequences. in light of 
recent events, the World health Organization (WhO) 
and the european commission reacted to circulating 
rumors and denied a possible connection between 
the new mobile phone generation 5G and cOVid-19. 
WhO noted this situation as “infodemic”, namely an 
over-abundance of information, some accurate and 
some not. that makes it hard for people to find trust-
worthy and reliable sources when they need it. While 
the majority of the general public might be insensitive 
to conspiracy theories linking 5G to cOVid-19, there 

Radiation: Health risks and precautions
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Abstract
radiation is part of our daily life. exposure to low-levels of ionizing radiation does not cause immediate health ef-
fects, but can cause a small increase in the risk of cancer over a lifetime (stochastic effect), because the human body 
fails to repair cells and dna mutations. concerning non-ionizing electromagnetic radiation, epidemiological stud-
ies demonstrated an increase in childhood leukaemia associated with exposure to magnetic field above 0.3 to 0.4 
µtesla. tissue heating is the principal mechanism of interaction between radiofrequency energy, and the human 
body. epidemiological studies with 15-year follow-up of individuals show a small increase in statistical risk for brain 
cancer (acoustic neuroma, meningioma, glioma) in the heavy use of mobile telephony, although there are potential 
limitations from study design and selection bias. to date, research does not suggest any consistent evidence of 
adverse health effects or induction of cancer from exposure to radiofrequency fields. the risks from all appliances 
inside homes are greater than the risks from radiation coming from a source outside the home due to the physical 
weakening of the exposure on a factor of distance. analytical research states that 30cm distance from all electrical 
or mobile phone devices provide a lower exposure ratio. children and pregnant women should be protected and 
away from potential sources of radiation.

Key words: Ionizing radiation; non-ionizing radiation; radon; radiofrequency radiation; 5G.

are enough believers to burn down infrastructure. 
the only way to combat conspiracy theories is educa-
tion and knowledge. the purpose of this report is to 
provide a summary of our current understanding of 
radiation risks (ionizing and non-ionizing radiation) 
and a synopsis of recommendations and precautions 
in our daily life.

rADIATION 
regarding physics, radiation is the emission or trans-

mission of energy in the form of waves or particles 
through space or through a material medium. the field 
of interest of this article is electromagnetic radiation, 
which is distributed in a wide spectrum of energies. 
radiation is categorized as ionizing or non-ionizing 
depending on the energy of the emitted particles. the 
energy of electromagnetic radiation is determined by 
its frequency; ionizing radiation is high frequency and 
energy, whereas non-ionizing radiation is low frequency 
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and energy. the ionizing part of the electromagnetic 
spectrum includes gamma rays, X-rays and the higher 
energy range of ultraviolet light. in the wide range of 
the electromagnetic spectrum, the wave energy and 
frequencies met on different sources tend to increase 
as the wavelength shortens. frequency is expressed in 
hertz (hz), kilohertz (Khz), megahertz (Mhz), gigahertz 
(Ghz), terahertz (thz), petahertz (Phz) and exahertz 
(ehz). in figure 1, the ionizing and non-ionizing zone of 
electromagnetic spectrum are pictured, with frequency 
and wavelength analysis.

I. IONIzING rADIATION
it is the high-energy radiation that carries more 

than 10 eV, which is sufficient to remove electrons dur-
ing interaction with the matter and enough to ionize 
atoms or molecules and break chemical bonds (directly 
or indirectly), leading to harmful effects on the dna 
of living organisms. as stated in a review article [1] 
published on november 2019, dna ionization gener-
ates direct damage to the genetic macromolecule or 
indirect lesions due to the formation of radicals which 
react inevitably with the dna constituents. exposure 
to high-energy radiation, such as x-rays, gamma rays, 
alpha particles, beta particles, and neutrons, can dam-
age dna and cause cancer. these forms of radiation 
can be released in accidents at nuclear power plants 
and atomic weapons tests or disaster. 

the high energy ionizing radiation comes from 
natural or artificial sources. about 85% of our daily life 
radiation is natural and 15% artificial. 40-55% of natural 
radiation is due to radon. artificial radiation refers to 
the radioactivity produced by medical sources, and 
the nuclear industry. certain medical procedures are 
based upon ionizing radiation [x-rays, radiation therapy, 
computed tomography (ct) scans, positron emission 
tomography (Pet) scintigraphy, etc] and can also cause 
cell damage that leads to cancer. however, the risks of 
cancer from these medical procedures are very small 
as compared to the benefit from having them in some 
medical conditions. 

expressed in Sievert (unit of measurement of the 
biological effect in the human body by ionizing radia-
tion levels), the whole-body population limit exposure 
is 1mSv / year.  average environmental exposure to 
radiation is about 3mSv / year. it is crucial for public 
to understand the radiation protection principles of 
minimal time exposure, distance and shielding. the 
basic rule of exposure to ionizing radiation is a.l.a.r.a. 
(as low as reasonable achievable).

I.A. radon: The invisible threat to homes
radon (86rn) is the world’s most important source of 

exposure to ionizing radiation. radon is a radioactive, 
colorless, odorless, tasteless noble gas, which is the im-
mediate decay product of radium (226ra), derived as a 
decay product of uranium (235u). the isotope 222rn has 
a half-life of 3.8 days. radon was classified as a human 
carcinogen in 1988, by iarc (international agency 
for research on cancer), a branch of WhO. 222radon 
is especially dangerous because it permeates soil and 
rocks and concentrates inside buildings and uranium 
mines. radon was identified as a health problem by 
the fact of observed high rates of lung cancer in un-
derground uranium miners who were exposed to it. at 
high concentrations, gaseous 222rn may be inhaled and 
decay to radioactive polonium (210Po) in the lungs, whose 
high-energy alpha radiation bombards vulnerable lung 
tissue and damages cells. alpha radiation is produced 
by alpha particles, which consist of two protons and 
two neutrons, structurally identical to the nucleus of 
the gas helium. alpha radiation is a highly ionizing form 
of particle radiation with a low penetration depth that 
irradiates tissues, causing biological damage from chro-
mosome alterations and mutations. 

extended periods of exposure to 222rn and its prog-
eny ultimately induce lung cancer, as is stated by WhO 
[2] and ePa (u.S. environment Protection agency). ac-
cording to WhO, the proportion of all lung cancers linked 

Figure 1. the electromagnetic spectrum: ionizing and non-ionizing 
radiation. different types of electromagnetic waves, frequencies, 
and energy bands.
Abbreviations: DC: Direct Currents; ELF: Extremely Low Frequency; VLF: 
Very Low Frequency; RF: Radio Frequency.



daily life radiation protection 51

ACHAIKI IATRIKI January - March 2021, Volume 40, Issue 1 

to radon is estimated to be 3% to 14%, depending on 
the average radon concentration status. the majority 
of radon-induced lung cancers are caused by low and 
moderate radon concentrations. alternatively, radon 
may enter the body through contaminated drinking wa-
ter, making radon diffusion one of the greatest dangers 
of radium. thus, 222rn is a carcinogen; in fact, radon is 
the second most important cause of lung cancer after 
cigarette smoking in many countries [3, 4] and in the 
united States, with over 20,000 deaths per year attrib-
uted to radon-induced lung cancer, according to ePa. 
Similar findings are found worldwide. residential radon 
exposure is considered as the first cause of lung cancer 
in never smokers [5, 6]. exposure to the combination 
of radon gas and cigarette smoke creates a greater risk 
of lung cancer. WhO stated that radon exposure is a 
major and growing public health threat in homes and 
recommends that countries adopt reference gas levels 
of 100 Bq/m3 (Becquerel per cubic meter). 

radon is a pollutant that affects the quality of indoor 
air worldwide. it typically moves upwards through the 
ground and into the house through cracks and other 
holes in the foundation (cracks in floors, walls, construc-
tion joints, around service pipes, etc). radon gas enters 
the house being trapped inside, especially in the winter 
months, and in the night, when windows and doors are 
kept closed. it is also found in thermal springs, caves, 
mines, underground workplaces and well water.  the 
Greek atomic energy commission (e.e.a.e.) has much 
useful information about radon and an application in 
its website that provides access to information about 
radon concentrations (Bq/m3) in different regions of 
Greece. Measurements of the indoor radon level of a 
home are accomplished by request to the commission.

I.B.  radioactive polonium: invisible threat  
inside tobacco
Smoke contains radioactive Polonium (210Po) with a 

half-life of t1/2 = 138.4 days. Polonium has been found 
in smoke from tobacco leaves grown with phosphate fer-
tilizers, which contains radium (226ra), ancestor of 210Po. 
210Po is an important contaminant in the environment, 
mainly affecting seafood and tobacco. as a result of its 
intense radioactivity, it is extremely toxic to humans. 
during smoking, 210Po is absorbed by the bronchial 
system, and the lungs are exposed to alpha radiation 
along with other toxins, creating a toxic / carcinogenic 
mixture.

there are various studies confirming the radiological 

risk from 210Po in a smoker of 20 cigarettes per day for a 
year. the risk is equivalent to the one deriving from 300 
chest X-rays, with an autonomous oncogenic capabil-
ity of 4 lung cancers per 10.000 smokers. 210Po can also 
be found in passive smoke surrounding environment 
[7]. the u.S. international commission on radiation 
Protection (icrP) estimates of the lifetime probability 
of developing lung cancer after a 1-Sv radiation dose, 
is 121 cases per 100 000 population (1.21%) [8].

I.C. Artificial tanning carries a risk of skin cancer
ultraviolet radiation (uVr) is a natural part of solar 

radiation with wavelength from 10nm to 400nm, and 
is released by tanning beds, black lights, and electric 
arc lighting.  artificial tanning light bulbs emit uVr, 
which is found at the borderline zone of ionizing and 
non-ionizing radiation in the electromagnetic spectrum. 
Modern light bulbs emit ultraviolet a (uVa) and ultra-
violet B (uVB) radiation, but uVa intensity can be up to 
15 times stronger than solar radiation. in 2009, iarc has 
described ultraviolet radiation (solar and artificial), as 
“carcinogenic” to humans, because it causes skin cancer 
and melanoma. exposure to uVr from artificial tanning 
beds devices leads to dna damage in skin cells and is 
associated with an increased risk of developing basal / 
squamous cell carcinomas, and melanoma [9-11]. it has 
also been associated with skin burns, accelerated skin 
aging, ocular melanoma and immune suppression. con-
sistent regulation of the intensity, and uV wavelength 
emitted by indoor tanning devices is crucial. the use of 
a tanning facility in early adulthood has been strongly 
associated to high risk of skin cancer. elevated vitamin 
d levels associated with uV exposure have been sug-
gested to protect against various internal malignancies 
and other diseases, but other sources of vitamin d are 
easily available.

artificial tanning devices exert their effect through 
the emission of both uVa and uVB radiation. While uVB 
is associated with direct dna damages by the photo-
products, uVa exposure is associated with indirect dna 
damages through the production of reactive oxygen 
species. While indoor tanning remains prevalent in 
population, it is clear that artificial tanning bed repre-
sents an avoidable risk for skin cancer and a widespread 
public health issue.

I.D.  Medical diagnostic and therapeutic procedures
even though the use of ionizing radiation in medicine 

poses potential risks to patients, medical personnel, and 
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the general public, however, it also offers enormous 
benefits in selected cases. Modern medicine would 
be impossible without the use of ionizing radiation. 
as seen below in table 1, radiation doses variability is 
high, depending on the diagnostic medical procedure. 

TyPICAL rADIATION DOSES frOM COMMON 
MEDICAL IMAGING PrOCEDUrES

in recent decades, for dose limitation purposes, the 
international commission on radiation Protection (icrP) 
has divided the diverse radiation effects into either 
stochastic effects (cumulative low dose effect with no 
apparent threshold) or tissue reactions (formerly termed 
non-stochastic or deterministic effects, which do have a 
threshold of visible injury). it is known that cancer risks 

increase almost linearly as exposure doses increase 
above approximately 150 mSv. relying on the uncer-
tainty of the stochastic risk from ionizing radiation asso-
ciated with medical imaging, it is impossible to describe 
precisely the risks of a medical imaging procedure. the 
estimated risk from a diagnostic or therapeutic medical 
procedure should be compared to general statistical 
risks of death from other common causes. 

in the late 1990s, data was released by the radiation 
effects research foundation of their longitudinal study 
of 50.000 survivors of the atomic bombs in hiroshima 
and nagasaki who were exposed to radiation doses of 
less than 500 mSv. analysis of solid cancer incidence 
in these individuals was performed after a follow 
up over 55 years [12]. the investigators found direct 
and statically significant evidence of risk in the dose 
range from 50–100 mSv.   Τhis  linear no-threshold 
hypothesis is questioned by a strong biologic argu-
ment. With doses up to 50 mSv, error-free dna repair 
is expected. With doses over 100 mSv, error-prone 
repair is possible. at this level, some aberrant cells 
may go on to become preneoplastic cells that may 
then differentiate into invasive cancers. tubiana et al. 
[13] concluded there is no evidence of a carcinogenic 
effect for acute radiation doses less than 100 mSv. 
the international atomic energy agency (iaea) has 
adopted a protection strategy with reference level of 
20-100mSv, in order to reduce the risks of stochastic 
effect. General principles of radiation protection from 
the hazard of ionizing radiation in medicine are sum-
marized in three principles: justification of the proce-
dure, optimization of individual protection, and dose 
limitation. the best approach on stochastic effects is 
suggested by the consensus between the physician 
who has the responsibility of evaluating the relevant 
risks from a medical procedure and the patient who 
has to accept those risks as possible outcomes in a 
written informed consent [14].

II. NON-IONIzING rADIATION
electromagnetic fields (eMf) are fields of energy 

produced by moving electrical charges. in the electro-
magnetic fields, the oscillations of electric and magnetic 
fields can propagate in space in the form of a wave 
and transmit energy at the speed of light. electromag-
netic radiation is defined according to its wavelength 
and frequency, which is defined as the number of cy-
cles of a wave from a reference point per second. its 
frequency is measured in hz. non-ionizing radiation 

Table 1. Τhe radiation exposure is high in several techniques 
of cardiology imaging. Source:  Greek Atomic Energy Commis-
sion (E.E.A.E.).

Medical procedure
effective dose 
in Millisieverts 

(mSv)

dental X-ray 0.005

upper / lower extremity X-ray 0.001

chest X-ray 0.02

Skull X-ray 0.03

Mammogram 0.3

lumbar spine X-ray 1.0

intravenous urography 3.0

computer tomography  
(ct) of the head / brain

2.4

ct of the chest 9.0

ct of the abdomen and pelvis 18.0

coronary angiography 14.0

Percutaneous transluminal  
coronary angioplasty

31.0

Pacemaker implant 4.0

nuclear bone scan with  
technetium 99m (99mtc)

3.8

nuclear medicine myocardium  
stress test with 99mtc

2.5

nuclear medicine myocardium  
stress test – thallium201

15.0

Positron emission tomography (Pet) / ct 6.6
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sources include power lines, radio waves, microwaves, 
lasers, infrared radiation, and visible light. Non-ionizing 
electromagnetic radiation is a relatively low-energy 
radiation that is not able to ionize atoms or molecules 
but can produce kinetic energy which is converted to 
heat. this heat can adversely affect health in a range 
of ways. non-ionizing radiation has sufficient energy 
for excitation (movement of an electron to a higher 
energy state), nerve stimulation (from 100 khz to 10 
Mhz, adverse health effects (from 10Mhz to 300 Ghz), 
disturbance of the electrochemical balance of the cell 
membrane, and thermal effect. 

Extremely low frequency (ELF) radiation is the 
radiation produced by structure like power lines or 
electrical wiring.  

Radiofrequency (RF) and microwave (MV) ra-
diation. electromagnetic fields in the radiofrequency 
range are used for telecommunications applications, 
including cell phones, televisions, and radio transmis-
sions. the human body absorbed energy from these 
devices, is estimated by a measure called the specific 
absorption rate (Sar), which is expressed in watts per 
kilogram of body weight. the effects of non-ionizing 
radiation depend on the intensity, frequency and de-
gree of exposure. although considered less dangerous 
than ionizing radiation, overexposure to non-ionizing 
radiation can cause public health issues.

II.A. Extremely low frequency (ELf) radiation
Electric fields arisen from electric charges, are meas-

ured in volts per meter (V/m). Magnetic fields arisen 
from the motion of electric charges are expressed in 
tesla (t), millitesla (mt) or microtesla (µt). electric fields 
are produced independently of the device function, 
whereas magnetic fields are produced only when a cur-
rent is flowing, and the device is functioning. Power lines 
produce magnetic fields continuously, due to current 
flowing through them. electric fields are easily shielded 
or weakened by the walls, wood, metal and other ob-
jects, whereas magnetic fields can pass through build-
ings, living things, and most other materials. in the past 
years there is a public health concern and debate about 
daily exposure to extremely low-frequency magnetic 
fields (elf-eMf) as possibly harmful to human health 
(cancer, neurobehavioral disturbances, etc). Pooled 
analyses of epidemiological studies suggested a pattern 
of an increase in childhood leukaemia associated with 
exposure to residential power magnetic field above 0.3 
to 0.4 µt [15, 16]. this has resulted in the classification of 
elf-eMf into category 2B, i.e., agents that are “possibly 
carcinogenic to humans” by the international agency for 
research on cancer. the reference limit for electric fields 
set by the international commission on non-ionizing 
radiation Protection (icnirP) is 5KV/m. exposure to 
electric field from home devices is far below this limit. 

Table 2. Μagnetic field strength around all appliances rapidly decreases with the distance. Normal operation distance is given in 
bold. At a distance of 30 cm the magnetic fields surrounding most household appliances are much lower than the given guideline 
limit of 100 µT for the general public (WHO). Source: WHO /Federal Office of Radiation Safety, Germany 1999.

electrical appliance 3cm distance (μt) 30cm distance (μt) 1m distance (μt)

hair dryer 6 - 2000 0.01 - 7 0.01 - 0.03

electric shaver 16 - 1600 0.08 - 9 0.01 - 0.03

Vacuum cleaner 200 - 800 2 - 20 0.13 - 2

fluorescent light 40 - 400 0.5 - 2 0.02 - 0.25

Microwave oven 73 - 200 4 - 8 0.25 - 0.6

Portable radio 16 - 56 1 < 0.01

electric oven 1 - 50 0.15 - 0.5 0.01 - 0.04

Washing machine 0.8 - 50 0.15 - 3 0.01 - 0.15

iron 8 - 30 0.12 - 0.3 0.01 - 0.03

dishwasher 3.5 - 20 0.6 - 3 0.07 - 0.3

computer 0.5 - 30 < 0.01

refrigerator 0.5 - 1.7 0.01 - 0.25 < 0.01

colour tV 2.5 - 50 0.04 - 2 0.01 – 0.15



54  anna Mastorakou, andreas Mastronikolis

ACHAIKI IATRIKI January - March 2021, Volume 40, Issue 1 

the overall exposure to electromagnetic radiation 
depends on the strength of the electromagnetic field, 
the distance from the source of the field, and the length 
of exposure time. the highest exposure occurs when 
there is short distance to a strong field for a long period. 
table 2 shows magnetic field (μtesla) derived from dif-
ferent house devices depending on the distance from 
the source.

TyPICAL MAGNETIC fIELD STrENGTH Of 
HOUSEHOLD APPLIANCES AT VArIOUS DISTANCES
II.B. radio frequency (rf)

radiofrequency (rf) electromagnetic radiation (eMr) 
is the transfer of energy by radio waves. the frequency 
of radiofrequency electromagnetic radiation ranges 
from 30 kilohertz (30 khz) to 300 gigahertz (300 Ghz). 
relatively high levels of exposure to rf fields can occur 
to workers in the broadcasting, transport, and communi-
cations industries when workplace is in proximity to rf 
transmitting antennas. Overall, the rf field background 
level from household appliances is low. 

Mobile phones are low-powered radiofrequency 
transmitters, operating at frequencies between 450 and 
2,700 Mhz. the handset only transmits power when it is 
turned on. the power and the radiofrequency exposure 
fall off rapidly with the increasing distance from the 
handset. a person using a mobile phone 30–40 cm 
away from their body will have a much lower exposure 
to radiofrequency fields compared to the contact point. 
“hands-free” devices will reduce exposure keeping 
mobile phones distant from the head and body during 
phone calls.  limiting the number and length of calls is 
also a best practice. 

tissue heating is the principal interaction mechanism 
between radiofrequency energy, and the human body. 
in the case of frequencies used by mobile phones, most 
of the energy is absorbed by the skin, and superficial 
tissues, resulting in negligible temperature rise in the 
contact point of the body. in relation to mobile phone 
exposure, the Sar distribution in the head depends 
on many factors including head size, frequency, and 
exposure conditions. thus, compared to adults, higher 
Sars is expected to occur in children’s brain because of 
thinner skin, and surrounding tissue [17].

the strength of the signal transmitted between a 
mobile phone and base station would vary by distance 
between both antennas, according to the inverse square 
law. the use of adaptive Power control (aPc) technique 
in mobile phones enables customization of output pow-

ers, so that, the signal strength and synchronization to 
base stations is constant and sufficient to produce good 
quality reception. the maximum Sar depends critically 
on the position of the phone and, in particular, on the 
distance between the antenna and the brain. using the 
phone in areas of good reception also decreases expo-
sure to the operator, as it allows cell phone to transmit 
at reduced power. 

Several large multinational epidemiological stud-
ies have ended or are ongoing, including case-control 
studies and prospective cohort studies. epidemiological 
studies with a 15-year follow-up of individuals show a 
small increase in statistical risk for brain cancer (acous-
tic neuroma, meningioma, glioma) in the heavy use of 
mobile telephony [18], although there are potential 
limitations from study design and selection bias. 

the largest retrospective case-control study to date 
on adults, interphone [18], coordinated by iarc, was 
designed to determine whether there are links between 
the use of mobile phones and brain cancers in adults. 
the international pooled data analysis gathered from 
13 participating countries found no increased risk of 
glioma or meningioma with mobile phone use of more 
than 10 years. there are some indications of an increased 
risk of glioma for those who reported the highest 10% 
of cumulative hours of cell phone use. the researchers 
concluded that biases and errors limit the strength of 
these conclusions. Moreover, no association or possible 
indication between heavy mobile phone use and brain 
tumours, were concluded on danish study [19], Million 
Women Study [20], cerenat study [21] and cefalo study 
[22]. iarc has found limited evidence that rf radiation 
causes cancer in animals and humans, and classified rf 
radiation as “possibly carcinogenic to humans” (Group 
2B). this was based on the finding of a possible link in at 
least one study between cell phone use, and a specific 
type of brain tumour. iarc considers the evidence overall 
to be limited and inconclusive because of the meth-
odologic limitations and conflicting findings in some 
studies. the u.S. food and drug administration (fda) 
stated that based on the current information, the current 
safety limits for cell phones are acceptable for protecting 
the public health. a large prospective cohort study of 
cell phone use, and its possible long-term health effects 
was launched in europe in March 2010. this ongoing 
study, known as cOSMOS, has enrolled approximately 
290,000 cell phone users’ aged 18 years or older to date 
and will follow them for 20 to 30 years [23][24]. 

a number of studies have investigated the effects 
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of radiofrequency fields on heart rate, brain electrical 
activity, sleep, cognitive function, and blood pressure 
in volunteers. to date, research does not suggest any 
consistent evidence of adverse health effects from expo-
sure to radiofrequency fields. further, research has not 
been able to provide support for a relationship between 
exposure to electromagnetic fields and self-reported 
symptoms of “electromagnetic hypersensitivity” [25].

II.C. Wireless local area networks
Most Wi-fi devices operate at radiofrequencies that 

are broadly similar to cell phones, typically 2.4 - 2.5 Ghz, 
although, in recent years Wi-fi devices with higher fre-
quencies (up to 5.8 Ghz) have appeared. radiofrequency 
radiation exposure from Wi-fi devices is considerably 
lower than that from cell phones. Both sources emit 
levels of radiofrequency radiation that are far below 
the guideline of 10 W/m2 as specified by the icnirP. 
according to a 2019 review, there is no noticeable in-
crease in everyday eMf exposure since 2012, despite the 
increasing use of wireless communication devices [26].

II.D. 5G
5G is the 5th generation of mobile networks. due 

to the increased bandwidth and the higher frequency 
of the new network, the download speed is expected 
to reach up to 10 Gigabits/sec. in figure 2, 5G band is 
showed in electromagnetic spectrum as compared to 
existing cellphones technology. 

5G technology uses millimetre waves (MMW), in 

addition to the microwaves that have been used to 
date in previous “2G, 3G, 4G” networks. the increased 
frequency of 5G does not necessarily mean increased 
user exposure, as this depends on the distance, dura-
tion of exposure and the degree of attenuation of the 
radiation.

regarding physical characteristics, the non-ionizing 
high-frequency electromagnetic radiation of 5G has a 
small penetration range in the body. the skin acts as 
a barrier shielding the internal organs from exposure 
to 5G radiation. this is a fact also for sunlight and ul-
traviolet light which have a higher frequency than 5G. 
furthermore, there is a significant weakening of 5G 
radiation from building materials, which explains why 
a denser network of base stations is required for the 
acquirement of stable signal. 

in recent years, a growing appeal [27] from hundreds 
of scientists worldwide states that the increasingly 
extensive use of wireless technology, especially with 
the use of 5G technology, would expose population to 
constant eMf radiation because of the large number of 
5G transmission stations suitable for billions of connec-
tions. in addition, the appeal points to a large number 
of scientific publications that illustrate eMf harmful 
exposure effects. they urge “the eu to follow resolu-
tion 1815 of the council of europe and demand a new 
assessment by an independent task force”.

the 5G radio emission fields are quite different to 
those of previous generations because of their complex 
beamformed transmissions which produce a focused 
wireless signal towards a specific receiving device. the 
beam modifies vary rapidly with time and movement 
and so are unpredictable, as the signal levels and pat-
terns seem to interact as a closed loop system. this 
has yet to be mapped reliably for real world situation, 
outside laboratory conditions. along with the mode and 
duration of exposures, characteristics of the 5G dense 
signal pulse seem to increase the biologic and health 
impacts of exposure [28]. a 2018 review concludes that 
“evidence of the biological properties of radiofrequency 
eMf (including 5G) are accumulating progressively and 
preliminary studies point to the existence of multi-level 
interactions between high-frequency eMf and biologi-
cal systems” [29]. 

data from a pragmatic review that analyzed 94 
relevant publications performing in vivo or in vitro in-
vestigations about the health impact of MMW, led to the 
conclusion that “regarding the health effects of MMW in 
the 6–100 Ghz frequency range at power densities not 

Figure 2. 5G electromagnetic 
spectrum. 5G operation non-
ionizing band is compared 
to zone occupied by existing 
cellphones. due to the short 
wavelengths, 5G does not 
penetrate objects and human 
skin, and cannot travel long 
distances, hence 5G technol-
ogy requires a larger number 
of base stations than 4G.
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exceeding the exposure guidelines the studies provide 
no clear evidence, due to contradictory information from 
the in vivo and in vitro investigations” [30].

On March 2020, the european Parliament research 
Service (ePrS), by author Karaboytcheva M, issued a 
briefing about “effects of 5G wireless communication 
on human health”. according to the 2019 european 
Parliament study “5G deployment: State of Play in eu-
rope, uSa and asia”, long-term technology research is 
essential. One key problem is the unusual propagation 
phenomena, especially measuring radio frequency eMf 
exposure at MMW frequencies for the handset and the 
base station. the study states that the main problem 
seems to be that it is not currently possible to accurately 
simulate or measure 5G emissions in the real world. 

in a recent statement named “Scientific evidence for 
cell Phone Safety”, fda declared no new implications for 
the band of 5G maintaining the existing exposure limits 
and guidelines. the icnirP rf eMf guidelines 2020 has 
made a number of changes to ensure that new technolo-
gies such as 5G will not be able to cause harm. “these 
changes include the addition of whole-body average 
restrictions for frequencies >6 Ghz, restrictions for brief 
(<6 minutes) exposures and the reduction of the averag-
ing area for frequencies >6 Ghz”. the australian radiation 
Protection and nuclear Safety agency (arPanSa) stated 
that “the operating frequencies of the 5G network are 
considered within the limits and no health effects are 
expected from radio frequency exposures below the 
limits set in the arPanSa standard”.

III.  PrOTECTION AND PrECAUTIONS INSTrUCTIONS 
TO PUBLIC
•	to protect public against exposure to radon, it is 

necessary to check and isolate the foundation of 
the buildings and ventilate the interior environment 
so the gas escapes outside and the exposure inside 
the house or workplace is reduced. radon measure-
ment is carried out by request to the hellenic atomic 
energy commission. Smoking should be stopped 
inside home.

•	the full implementation of the anti-smoking law 
is mandatory to avoid exposure to the radioactive 
polonium (210Po) contained in cigarette smoke, 
especially in the case of passive smoking indoors. 
Special attention must be given to young children 
and pregnant women.

•	People should avoid exposure to artificial light de-
vices - artificial tanning as strong exposure to ultra-

violet radiation is classified as carcinogenic.
•	General principles of radiation protection from the 

hazard of ionizing radiation and the safety issues by 
medical radiological or nuclear medicine equipment 
are summarized in three principles: justification of 
the procedure, optimization of individual protec-
tion, and dose limit [31, 32].  in radiation therapy, 
the predominant issue is the avoidance of accidents.

•	 it is recommended to restrict time using mobile 
phones and to remove the device far away from 
the user’s head and body (hands-free, Bluetooth, 
etc.). the safety distance must be greater than 30-
40 cm [33].

•	 in areas with bad radiofrequency signal, the exposure 
to operator increases, because mobile phone emits 
with increased power levels. it is recommended to 
avoid using a mobile phone in basements, enclosed 
spaces, elevators and on a vehicle. Metal mobile 
phone cover should be avoided because it leads to 
mobile phone operation status with maximum power.

•	Mobile phone should be put in flight mode when-
ever is possible and especially in the case of children 
dealing with games [33].

•	Schools and homes should give preference to wired 
internet connections and regulate strictly the use of 
mobile phones by the children. 

•	the wi-fi device or other devices should not be near 
a bed or desk where the user’s exposure may be 
long. devices that are not used at night should be 
turned off [33].

•	the use of electric blanket should be avoided during 
sleep. Sleeping close to iron materials is not recom-
mended [33].

•	Safety distances must be kept from electrical appli-
ances to 30 cm to weaken the exposure to electro-
magnetic radiation [33].

•	the hellenic atomic energy commission is respon-
sible for the installation, and operation of mobile 
telephony and radio frequency antennas. there 
are annual reports for compliance to security limits, 
mapping of mobile phone antenna measurements 
nationwide and information material on the eeae 
website (https://eeae.gr/).
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INTrODUCTION
it is estimated that around 20-45% of infants and 

young children exhibit some form of feeding and swal-
lowing difficulty [1-3] , demonstrating various complica-
tions, such as slow weight gain, disrupted nutrition and 

Feeding and Swallowing Disorders in the 
Paediatric Population. The Speech and 
Language Pathologist’s Perspective

Angeliki zarkada1,2, rigas Dimakopoulos2,3, Terpsithea Germani1, Angeliki Mantzari2, 
Georgia Karadimou2

Abstract
the development of feeding and swallowing skills is a complex process, which begins during the prenatal period and 
continues until early childhood. feeding and swallowing disorders (dysphagia) may occur in the paediatric population, 
affecting the oral phase, the triggering of the swallowing reflex, the pharyngeal phase and the oesophageal phase 
of swallowing. Paediatric dysphagia may present with various symptoms relevant to the phases of swallowing, and 
it is associated with several conditions, including medical, nutritional, psychosocial disturbances and impaired feed-
ing skills. Speech and language pathologists (SlPs) play a key role in the assessment and management of paediatric 
dysphagia. the fact that paediatric dysphagia is multifactorial, makes the contribution of a multidisciplinary team to 
the assessment and management of feeding and swallowing dysfunction imperative. a comprehensive assessment 
of the paediatric population with dysphagia includes clinical and instrumental evaluation, while paediatric dyspha-
gia management involves a range of strategies, which have been developed to ensure the efficiency and safety of 
feeding and swallowing process and improve children’s quality of life (Qol).

Key words: Paediatric dysphagia; assessment; management; speech and language pathologist

acute choking. Severe complications relevant to feeding 
and swallowing disorders may lead to aspiration-based 
infections of the nasal sinuses, middle ears and lungs, 
which may threaten children’s life [4-7]. On the strength 
of medical and technological development, neonatal 
and infant mortality has significantly decreased leading 
to a rise in the number of children with feeding and swal-
lowing disorders, and proper care focuses not only on 
survival but also on quality of life (Qol) improvement. 
for this reason, the range and complexity of feeding 
and swallowing disorders challenges healthcare, edu-
cational and rehabilitation systems [8]. the complete 
understanding of both normal and impaired feeding and 
swallowing process is integral for speech and language 
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pathologists (SlPs) to carry out a comprehensive feed-
ing and swallowing assessment and to make optimal 
management decisions for every child, dealing with 
medical, nutritional, psychosocial issues and feeding 
dysfunction. although SlPs play a central role in the 
assessment and management of dysphagia, children 
and their parents/ caregivers are better served by a 
multidisciplinary team [9]. 

the primary objective of the current review is to 
summarize most recent evidence-based data related 
to paediatric feeding and swallowing disorders. the 
secondary aim is to bring up to date the paediatric 
specialists about different topics related to paediatric 
dysphagia, to familiarize them with signs of dysphagia 
and inform them under what circumstances they should 
refer these children to an SlP. awareness of all topics 
related to paediatric dysphagia is crucial for SlPs and 
paediatric specialists to conduct appropriate evaluations 
and therapeutic procedures for every child.

THE PrOCESS Of NOrMAL SWALLOWING
Swallowing is a multidimensional complex proce-

dure, which requires intact innervation of the muscles 
related to swallowing, structural integrity of the mus-
culoskeletal systems of the head, neck, thorax and 
abdomen, adequate airway protection and intact gas-
trointestinal system. the process of swallowing involves 
four phases, including the (i) oral phase, (ii) triggering 
of the swallowing reflex, (iii) pharyngeal phase and (iv) 
oesophageal phase [10]. 

Several studies describe the physiology of normal 

eating and swallowing procedure, suggesting that this 
process involves volitional and reflexive activities [10, 
11]. the oral phase of swallowing combines the oral 
preparation of the food/ fluid bolus (oral preparatory 
phase) and the oral propulsion of the food/ fluid bolus 
(oral propulsive phase). in neonates and young infants, 
the oral phase is reflexive and involuntary. however, 
later in infancy, the oral phase comes under voluntary 
control with nasal breathing and an open airway, al-
lowing children to handle various food textures. the 
triggering of the swallowing reflex is a basic reflex, 
which provides safe and efficient swallowing, prevent-
ing aspiration and retention of food in the pharyngeal 
stage. the swallow reflex is an involuntary activity, even 
if it can be controlled voluntarily. the pharyngeal phase 
of swallowing begins with the initiation of the pharyn-
geal swallow response as the food/ fluid bolus passes 
through the pharynx and is under reflexive neurological 
control. the oesophageal phase of swallowing begins 
with the opening of the upper oesophageal sphincter 
(ueS) and ends as the food/ fluid bolus passes through 
the lower oesophageal sphincter into the stomach and 
constitutes an involuntary activity.  table 1 demonstrates 
the typical swallow sequence of children during the oral, 
pharyngeal and oesophageal phases [10]. 

additionally to the complexity of the swallowing 
process, children’s feeding and swallowing skills are 
affected by maturational changes. the pharyngeal 
swallow becomes obvious between 10- and 11-weeks’ 
gestation and sucking between 18- and 24-weeks’ ges-
tation. however, it is evident that sucking and swallow-

Table 1. Typical swallow sequence of children during the swallowing phases.

Phases of Swallowing typical swallow sequence

Oral phase •	 Preparing the bolus for swallow 

•	 chewing (if necessary)

•	 transferring the bolus from the oral cavity into the pharynx

Pharyngeal phase •	 Velopharyngeal closure occurs to close off the nasopharynx

•	 Posterior movement of the base of tongue

•	 Pharyngeal closure through contraction of the superior, middle, and inferior pharyngeal constrictors

•	 adduction of the vocal folds with brief cessation of respiration 

•	 hyolaryngeal excursion and closure of the larynx through epiglottic tilt

•	 Opening of the upper oesophageal sphincter through relaxation of the cricopharyngeus muscle and 
biomechanical forces contributed through hyolaryngeal excursion

Oesophageal phase •	 Peristaltic action of the oesophagus 

•	 Moving the bolus into the stomach.
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ing coordination matures between 33- and 36-weeks’ 
gestation [12]. the neurologically intact full-term infant 
is born with a number of oropharyngeal reflexes, which 
support the feeding and swallowing procedure. these 
include the rooting reflex, the gag reflex, the phasic 
bite, the transverse tongue reflex, the tongue protru-
sion, suckling and swallow reflex [13]. at the age of 4-6 
months, infants come to a period of transitional feeding 
until approximately 3 years of age. during this period, 
neurodevelopmental processes and anatomical and 
structural changes lead to the inhibition of basic feeding 
reflexes and support the development of more refined 
oral sensorimotor and swallowing skills. this progress in 
feeding and swallowing procedure enables the ingestion 
of various complex food and fluid textures, from various 
feeding utensils, and continues until approximately 3 
years of age [14]. in a neurologically intact infant with a 
normal airway, cough may be an indicator of aspiration. 
While cough can be elicited at birth, it is a reflex that 
develops over time, providing airway protection [15].

PAEDIATrIC fEEDING AND SWALLOWING 
DISOrDErS

the term dysphagia is defined as a feeding and swal-
lowing disorder, which includes dysfunction of the motor 
or sensory aspects of swallowing [16], and  originates 
from impairment in the mouth (including mandible, 
lips, teeth, tongue, cheeks, hard and soft palates), the 
pharynx, the larynx, and the upper oesophagus [12]. 
Paediatric dysphagia may include impairment to the 
cranial nerves: trigeminal (V), facial (Vii), glossopharyn-
geal (iX), vagus (X), accessory (Xi), and hypoglossal (Xii) 
[17]. functionally, paediatric dysphagia may include 
difficulties with sucking, drinking, chewing, swallow-
ing, eating, progressing from breast or bottle to pureed 
or solid foods, control of saliva, ingesting medication, 
airway protection, while children may demonstrate 
gagging, choking, or vomiting incidents with the in-
troduction of pureed or solid foods [18]. dysphagia is 
a symptom [19] that involves the oral, pharyngeal or 
oesophageal phase of swallowing and can negatively 
impact health and quality of life (Qol) [20]. Paediatric 
dysphagia may have subsequent effects on everyday 
activity and participation [21]. 

for some children, the presence of a dysphagic 
symptom may signal the occurrence of a disease [22]. 
children with dysphagia can present with various feed-
ing and swallowing disorders affecting any or all of 
the swallowing phases. the most common paediatric 
dysphagia symptoms relevant to the oral phase are 

absent oral reflexes or primitive/neurological oral re-
flexes, inadequate lip closure, weak or uncoordinated 
suck, immature or disordered biting and/or chewing, 
poor bolus propulsion and poor bolus containment, 
impaired clearance of the bolus from the mouth fol-
lowing the swallow, oral sensorimotor impairments [1, 
10, 23, 24]. the triggering of the swallow reflex may be 
affected when an infant or a child demonstrates absent 
swallow reflex, delayed triggering of the swallow and 
suck/swallow/breath incoordination [10]. dysphagic 
symptoms related to the pharyngeal phase include 
delayed pharyngeal swallow response/ initiation, laryn-
geal penetration, oropharyngeal aspiration and silent 
aspiration, choking, pharyngeal residue, nasopharyn-
geal reflux [1, 10, 23]. Symptoms of dysphagia related 
to the oesophageal phase are residue above the upper 
oesophageal sphincter and residue or pooling in the 
oesophagus because of motility problems or gastroe-
sophageal reflux [1].

CONDITIONS ASSOCIATED WITH PAEDIATrIC 
fEEDING AND SWALLOWING DISOrDErS

it is increasingly recognised that feeding and swal-
lowing disorders in the paediatric population are mul-
tifactorial. the domains that underlie paediatric feed-
ing and swallowing disorders are medical, nutritional, 
feeding skills, and psychosocial [25]. 

the most common medical issues that a child with 
feeding and swallowing disorders may deal with are 
gastroesophageal reflux, neurological and cardiopul-
monary conditions [24, 18, 25, 26], craniofacial anoma-
lies [18, 24, 26], renal disease [24, 26], food allergies/ 
intolerance [18, 24], neurodevelopmental disorders 
(autism Spectrum disorders) [25], genetic, oncologic 
and metabolic causes [26]. table 2 depicts common 
medical diagnoses associated with paediatric feeding 
and swallowing disorders [5, 27, 28].

children with feeding and swallowing disorders may 
consume a limited quality, quantity, and/or variety of 
foods. as a result, they may deal with nutritional issues 
which include malnutrition, overnutrition, micronutrient 
deficiency or toxicity, and dehydration [25].

feeding skill factors include impairment in oral sen-
sory functioning, oral motor functioning, pharyngeal 
sensation functioning and pharyngeal motor function-
ing [25]. disorders in gross-motor development, such as 
reduced postural stability or head control, and sensory 
processing issues, such as regulation disorders, sensory 
discrimination, and sensory-based motor delays are 
factors that lead to feeding and swallowing disorders 
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in the paediatric population [18]. 
children with oral sensory functioning issues may 

demonstrate hyposensitivity, as they do not feel the 
food in their mouth and as a result they illustrate lim-
ited bolus formation, loss of food from the mouth, and 
gagging or refusal of liquids and food textures that 
provide inadequate sensory input [25]. children with 
hypersensitivity may demonstrate gagging with specific 
food type/ texture/ size/ flavour/ temperature/ viscos-
ity/ appearance [29, 30], excessive chewing, and limited 
variety of intake [25]. Sensory regulation problems can 
cause feeding and swallowing difficulties, such as food 
refusal and self-limited diets [31]. children with oral 
motor functioning issues may reveal inefficient intake, 
messy eating, restricted control of liquids and food, 
slow or ineffective bolus formation and propulsion, 
gagging during bolus formation, and post swallowing 
residues [32]. 

Goday et al. cite the complications which are related 
to impairment in pharyngeal sensation and motor 
functioning [25]. impairment in pharyngeal sensation 
functioning includes poor awareness of bolus location, 
delayed pharyngeal swallow response, nasopharyngeal 
reflux, post-swallow residue, laryngeal penetration and 
oropharyngeal aspiration. impairment in pharyngeal 
motor functioning inhibits pharyngeal movements, 
as reduction in the strength and coordination of phar-
yngeal constrictors, velar and laryngeal elevation, and 
vocal fold closure may be noticed. When a child’s feeding 
skills are not safe, age appropriate and efficient, feeding 
and swallowing disorder is hard to avoid. 

Psychosocial factors in the child and/or caregiver 
can contribute to feeding and swallowing disorder [33], 

given that feeding occurs in the context of the caregiver-
child dyad. Psychosocial factors are characterized as 
developmental factors, mental and behavioral health 
problems, social factors, or environmental factors [34, 
35]. Paediatric feeding and swallowing disorders may 
become obvious with various behaviors. these behav-
iors include child’s learned aversions to food, disruptive 
behavior, food overselectivity, failure to advance to age-
appropriate diet despite adequate skills, grazing, child’s 
and/or caregiver’s stress  or inappropriate caregiver’s 
strategies to improve child’s nutritional status [34].

THE rOLE Of THE SLP AND THE 
MULTIDISCIPLINAry TEAM IN PAEDIATrIC fEEDING 
AND SWALLOWING DISOrDErS

Given that paediatric feeding and swallowing dis-
orders occur in conjunction with multiple factors, a 
multidisciplinary approach is critical for the evaluation 
and appropriate treatment of these difficulties [26, 27]. 
depending on the age and severity of feeding and swal-
lowing disorders, children may receive intervention in 
various settings [36]. a multidisciplinary team consists 
of SlPs, occupational therapists (Ot), physiotherapists 
(Pt), nurses, dieticians, physicians, paediatricians, gastro-
enterologists and radiologists when radiological studies 
are necessary [28, 37]. definitely, all professionals are 
not necessary for all children, as they may have different 
issues, which change over time [1]. SlPs are recognised 
by the american Speech-language-hearing associa-
tion (aSha) as the primary experts involved, and they 
are responsible for the evaluation and management 
of dysphagia [23]. Specifically, the professional roles 
and responsibilities of SlPs involve the conduction of 

Table 2. Common medical conditions associated with Paediatric Feeding and Swallowing Disorders.

Neurological/ Neurodevelopmental Prematurity, cerebral Palsy, Perinatal asphyxia, acquired Brain injury, traumatic Brain 
injury, hypoxic Brain injury, cranial nerve injury, Myopathy, congenital Myopathy, 
Myasthenia Gravis, Myotonic dystrophy, Muscular dystrophy, Seizures/ Seizure 
disorders, laryngeal Paralysis, Vocal cord Paralysis, autism Spectrum disorder (aSd)

Structural cleft lip/Palate, craniofacial anomalies, Macroglossia, laryngomalacia, 
laryngotracheal cleft, laryngeal Stenosis/ cleft, Oesophageal atresia, tracheomalacia, 
tracheosophageal fistula, iatrogenic (tracheostomy)

Cardiopulmonary aspiration lung disease, Bronchopulmonary dysplasia, congenital heart disease, 
respiratory Syncytial Virus

Gastrointestinal food allergy/ intolerance, Gastroesophageal reflux disease, necrotizing enterocolitis, 
Oesophageal dysmotility 

Genetic down Syndrome, Pierre-robin Sequence, Prader-Willi, charGe Syndrome, treacher-
collins Syndrome, cornelia de lange Syndrome
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a comprehensive assessment, including clinical and 
instrumental evaluations, the participation in decision-
making regarding the appropriateness of instrumental 
evaluation procedures and follow-up, the diagnosing 
of feeding and swallowing disorders and the recogni-
tion of behavioural feeding problems, the education of 
parents/ caregivers to prevent complications related to 
feeding and swallowing disorders and the collaboration 
with other professionals, family members, caregivers in 
order to facilitate the treatment plan.

fEEDING AND SWALLOWING EVALUATION PrOCESS
commonly, physicians refer children to an SlP as 

seemingly deal with behavioural issues. a child may 
reveal refusal to eat, a limited diet based upon texture, 
taste and visual appearance, or difficult transition from 
breast or bottle to pureed or solid foods, accompanied 
by gagging, choking, or vomiting incidents with the in-
troduction of food [18]. Αn in-depth SlP evaluation may 
reveal that all these difficulties are related with medical 
and developmental issues. consequently, behavioural 
issues may develop secondary to feeding and swallow-
ing difficulties in the oral phase.

Clinical Assessment Based on the World Health 
Organisation Concepts

according to the aSha, the assessment of feeding 
and swallowing disorders should follow the international 
classification of functioning, disability and health (icf) 
framework [38]. the World health Organization’s icf, 
provides a standard language for international and 
multidisciplinary use, and incorporates (i) body function 
and structures, (ii) activities and participation, (iii) envi-
ronmental factors and (iv) personal factors [39]. Studies 
provide a description of  the different components of 
the icf in relation to feeding and swallowing disorders 
[1, 40]. Specifically, the body functions components 
involve the swallowing procedure including specific 
movements (i.e. sucking, biting, chewing). the body 
structures components relate to the neurological system 
and the structures needed to carry out the physical act 
of the feeding procedure (i.e. teeth, tongue, jaw, larynx). 
impairment of body function and structures, is relevant 
to deficits, including motor and sensory skills, neuro-
muscular and orthopaedic conditions or respiratory 
status. activities involve the child’s activity restrictions 
during mealtime, including self-feeding skills or adap-
tive equipment needs. Participation is linked to the 
social and physical mealtime settings where the child 

participates, including home and school. environmental 
factors include facilitators or barriers, such as the avail-
ability of appropriate food texture or the support of 
family members. Personal factors include demographic 
characteristics (i.e. age, race), personality traits and pref-
erences. for a comprehensive and in-depth assessment, 
information related to icf components is necessary, 
while participation is the primary consideration in a 
feeding and swallowing assessment [1].

Screening Questions for Primary Care Physicians
SlPs are the most suitable professionals who can 

carry out an effective feeding and swallowing assess-
ment. however, because of the fact that physicians are 
often the first professionals who meet children and their 
family, they should be able to elicit information regard-
ing child’s feeding and swallowing skills from parents/ 
caregivers, so as to refer them to an SlP, if indicated.  
arvedson et al, proposes a list of questions which phy-
sicians may find  helpful to determine if a child faces 
feeding and swallowing difficulties [1]:
•	“how long does it take to feed the child?”
•	“is the child totally dependent on others for feeding? 

does the child do some assisted feeding or some 
independent feeding?”

•	“does the child refuse food?”
•	“are mealtimes stressful?”
•	“has the child slowed or stopped gaining weight in 

the previous 2-3 months?”
•	“are there any signs of respiratory distress?”
•	“does the child vomit regularly? When? under what 

circumstances does the vomiting occur? can parents 
estimate the volume per event?”

•	“does the child get irritable or become lethargic 
during mealtimes?”
there are two methods for diagnosing paediatric 

dysphagia: the clinical feeding and swallowing evalu-
ation and the instrumental evaluation of swallowing. 
it is essential for children to have a clinical feeding and 
swallowing evaluation prior to the instrumental evalu-
ation of swallowing to enable diagnostic planning and 
priorities of the procedure.

Clinical feeding and Swallowing Evaluation
the clinical feeding and swallowing evaluation in-

cludes a review of child’s medical status, gross, fine 
and oral-motor development, sensory processing and 
nutritional status [8]. according to arvedson et al, the 
clinical feeding and swallowing evaluation includes 
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history taking, pre-feeding evaluation, oral structure 
and function assessment and examination of cranial 
nerves function [1], as is described below:

review of family, medical, development and feed-
ing history, obtained from medical charts, clinicians 
and teachers, parents/ caregivers. the history should 
provide information on feeding environment, parent/ 
caregiver-child interaction and parental worries [1, 4, 
41, 42]. 

the pre-feeding evaluation includes observation of 
saliva control, general posture, positioning and move-
ment patterns, respiratory patterns, the child’s response 
to stimulation (tactile, visual, auditory, olfactory), the 
level of responsiveness and mental state, the level of 
interaction and communication, self-regulation and 
self-calming [1, 43]. 

the oral structure and function assessment are 
carried out, evaluating structure, symmetry, tone and 
movement of the facial features including the jaw, lips, 
cheeks, tongue, hard and soft palate and uvula. 

feeding and swallowing evaluation includes the 
examination of cranial nerves function by evaluating 
oral reflexes, laryngeal function and movement during 
feeding related tasks [1].

a complete assessment process should include eval-
uation of feeding readiness, breast and bottle feeding 
(where age appropriate), drinking from various utensils, 
spoon feeding and eating solids. initial interventions 
(trialing various food and fluid textures, taste, tempera-
ture) may be trialled to assess their effects, providing 
essential information on treatment planning [1].

the high incidence of children with feeding and 
swallowing disorders because of various reasons, results 
in a great need of validated non-instrumental swallow-
ing and feeding assessment in paediatric population. 
the Schedule for Oral-Motor assessment (SOMa) [44-
46] and the dysphagia disorder Survey (ddS) [47] are 
two of the more commonly used standardized clinical 
measures of oral motor and feeding assessment for 
identification of feeding and swallowing disorders in 
paediatric populations [47, 48].

Instrumental Evaluation of Swallowing
instrumental evaluation of swallowing is conducted 

to understand the nature and pathophysiology of the 
swallowing dysfunction and to obtain the information 
needed to develop the most appropriate treatment plan. 

the two most used instrumental evaluations of 
swallowing for the paediatric population are the Vide-
ofluoroscopic Swallowing Study (VfSS) and the flex-

ible endoscopic evaluation of Swallowing (feeS). the 
decision regarding which instrumental evaluation of 
swallowing is necessary depends on the functional and 
anatomical process to be evaluated [49].

Videofluoroscopic Swallowing Study (VFSS)
the VfSS constitutes an instrumental evaluation 

which is performed by an SlP and a radiologist [50] 
and provides dynamic imaging of the phases of swal-
lowing: the oral phase, the pharyngeal phase and the 
upper oesophageal phase of swallowing. depending on 
which structures is essential to be evaluated, the VfSS 
can be carried out in the anterior-posterior or lateral 
view (more common) [1]. during the VfSS, the position 
of the child is similar to their usual feeding position 
(upright in a suitable paediatric chair, semi-reclined in 
an infant seat, or side-lying for some infants) [50]. the 
SlP is responsible for the preparation and presentation 
of various amounts and consistencies of barium sulfate, 
with or without food [51]. food and fluids may be given 
to the children in various textures (such as purees, lumpy, 
mashed (semisolid) textures, chewable solid, thickened 
fluids (mild, moderate, thick) and thin fluid [23, 50] and 
are given  with their regular utensils (bottles, teats, cups, 
spoons, etc) [50]. during this radiographic examination, 
variations, such as postural variations, altering head and 
neck position, changing food/ fluid bolus size and/ or 
texture, effect of additional dry swallows, food/ fluid 
bolus placement in the mouth, changing utensils and 
therapeutic manoeuvres, may be assessed to determine 
their effect [23] and also to facilitate the treatment plan. 
the VfSS can identify delays in the pharyngeal transit 
time, dysfunction in the velopharyngeal closure and 
laryngeal penetration and aspiration, before or during 
the swallow [41].

Flexible Endoscopic Examination of Swallowing (FEES/ 
FEES-ST)

the feeS is an instrumental evaluation which is 
completed by an SlP and a paediatric Otolaryngolo-
gist (ent) [1, 52] and provides visualisation of events, 
which occur before and after the pharyngeal swallow 
[1]. a flexible endoscope is inserted through the child’s 
nose, which allows for the visualisation of nasal, phar-
yngeal, and laryngeal structures. feeS is possible to be 
performed at the bedside and the child should swallow 
a bolus of food and/ or fluid that includes an amount 
of methylene blue. food and fluids can be given to the 
children in various textures and with multiple utensils, 
and compensatory and therapeutic swallowing tech-
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niques can be implemented [53]. during this examina-
tion, the examiner(s) may wish to perform a sensory test 
(feeSSt), which uses air pressure to evaluate laryngeal 
reflexes [1]. the swallowing function parameters which 
are assessed during feeS/ feeSSt involve pharyngeal 
pooling of secretions, premature spillage into pharynx, 
laryngeal penetration, aspiration, vocal fold paresis, gag 
reflex and laryngeal adductor reflex (lar) [49].

Other Diagnostic Evaluations
While VfSS and feeS exams are the most commonly 

instrumental feeding and swallowing assessments 
in paediatric practice, other methods have received 
attention for their diagnostic usefulness in paediatric 
populations. ultrasonography (uS) is carried out in order 
to visualize temporal relationships between move-
ment patterns during the oral and pharyngeal phase in 
infants and young children [1]. Specialized diagnostic 
evaluations may be essential for children who deal with 
respiratory issues. these evaluations may include chest 
radiographs, pulmonary function tests, high-resolution 
ct, and bronchoscopy. endoscopy may be crucial for 
children who deal with gastrointestinal issues [27].

MANAGEMENT Of PAEDIATrIC fEEDING AND 
SWALLOWING DISOrDErS

the multidisciplinary approach plays a leading role 
in the diagnosis and management of dysphagia in the 
paediatric population [27]. in order the most appropri-
ate dysphagia intervention to be achieved, SlPs should 
focus on improved individual functioning across all icf 
components.

common feeding and swallowing treatment strate-
gies that address the pathophysiology of swallowing 
dysfunction in infants and children include medical 
or surgical intervention, Oral-Motor exercises (OMe), 
adapted feeding equipment, diet modifications, com-
pensatory strategies, neuromuscular electrical Stimu-
lation (nMeS), supplemental feeding, behaviourally 
based intervention, environmental changes, and also 
oral hygiene. 

for children with physical or anatomic issues (laryn-
geal cleft or tracheoesophageal fistula), inflammatory 
issues (eg, esophagitis), gastroesophageal reflux disease 
(Gerd) [27] and congenital abnormalities preventing 
optimal swallow function (stricture, severe reflux, cleft 
palate, etc), medical or surgical interventions can be 
used to treat dysphagia [43]. in very severe cases of 
chronic aspiration, laryngotracheal separation may be 

considered by the medical team [54]. for children with 
tracheotomies, a cap or a speaking valve can be used 
to increase pressure, aiding in the development and 
function of a more normal oropharynx [43].

SlPs working with children who deal with feeding 
and swallowing disorders frequently incorporate OMe 
into their treatment plan. OMe constitute (i) active 
exercises, (ii) passive exercises, and (iii) sensory ap-
plications [55]. active exercises include active range of 
motion, stretching, and strength training and are used 
to increase strength, endurance, and power of the face, 
tongue, lips, and palate muscles [56]. Passive exercises 
include massage, tapping, stimulation, stroking, vibra-
tion, and passive range of motion exercises, provided 
by the SlP with little action from the child [36]. Passive 
exercises aim to provide sensory input, improve circu-
lation, enhance joint flexibility, reduce abnormal oral 
reflexes, facilitate normal muscle tone, and desensitize 
the oral cavity [57]. Sensory applications constitute the 
use of heat, cold, electrical stimulation, high-frequency 
vibration, or other agents to muscle tissues. Sensory 
applications may be applied to enhance sensory aware-
ness to initiate a swallow response or to strengthen the 
swallowing musculature [36]. although OMe are widely 
applied by SlPs, the use of them outside of a functional 
setting remains controversial. Both Beckman et al, and 
rosenfeld-Johnson et al, support that the application 
of OMe outside of a functional setting can improve the 
swallowing process [58, 59] . however, other authors 
support that there is insufficient evidence to determine 
the effects of OMe on paediatric populations with 
feeding and swallowing disorders without the use of 
functional therapy tasks that directly impact on eating 
and drinking skills and/or safety [36, 60, 61].

When the child has improved sensory regulation and 
their oral-motor skills, a therapeutic feeding program 
can be designed, including adaptive utensils, various 
bottles, nipples, cups, spoons and therapeutic straws 
[62]. the adapted feeding equipment is used to control 
liquid flow and bolus size and shape. diet modifications 
can improve the timing, coordination and sensory input 
of food and liquid. the modification of food and liquids 
is achieved by modifying viscosity, texture, temperature 
or taste [63]. compensatory swallowing manoeuvers can 
lead to improved oropharyngeal musculature, airway 
protection and safe transition of food/ liquid bolus, by 
adjusting the child’s position during the feeding process 
[63]. these manoeuvers may be appropriate for older 
children with signs of aspiration, depending on the 
pathophysiology and the ability of children to follow 
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directions [27]. treatment recommendations, relevant 
to the most appropriate compensatory swallowing ma-
noeuver, are made based on instrumental examination 
findings. nMeS is usually used as a swallowing therapy in 
case of pharyngeal dysphagia. however, there are stud-
ies which support that the impact of nMeS on dysphagia 
management is controversial. according to a study, the 
use of nMeS of anterior neck muscles in a heterogeneous 
group of children with swallowing dysfunction did not 
impact on swallow function compared with the control 
group, which received only OMe and diet modifications 
[64]. On the other hand, nMeS constitutes an effective 
intervention for different paediatric caseloads with 
pharyngeal phase dysfunction as it is evidenced by a 
case series design [65]. 

in case of severe dysphagia, recommendation of 
alternative avenues of nutrition and hydration (including 
nasogastric tube or gastrostomy) may be made, so that 
safe swallowing and adequate nutrition/ hydration to 
be ensured [43]. despite the feeding tube placement, 
SlPs and caregivers should make efforts to offer tastes 
to children for swallowing practice [27].

for children with behavioral feeding issues, behav-
ioural approaches focus on parent/ caregiver educa-
tion, behavioral modifications and the presentation of 
shaping, prompting, modelling, stimulus fading and 
antecedent manipulation [63]. Behaviourally based 
interventions may have beneficial impact on feeding 
behaviour [66]. environmental changes, such as altera-
tion of the temperature, light and noise in the child’s 
feeding environment, may relax infants and young 
children [67], demonstrating improved feeding skills. 
Oral hygiene is an intimate component of all treatment 
techniques because poor oral hygiene is a risk factor 
for lung infections.

Overall, the specific treatment strategies, used by 
SlPs in collaboration with the multidisciplinary team, 
are individualized and depend on the nature of the 
feeding and swallowing disorder, as well as the child’s 
response to treatment interventions.

CONCLUSION
the development of feeding and swallowing skills 

begins in the fetal period and continues until early 
childhood. feeding and swallowing dysfunction in 
the paediatric population may be attributed to various 
aetiologies and may be manifested with different signs 
and symptoms. the primary expert for the evaluation 
and management of paediatric dysphagia is the SlP. 
however, the collaboration between SlPs and multidis-

ciplinary team plays a critical role in decision making, 
as dysphagia is multifactorial. feeding and swallowing 
evaluation in the paediatric population involves clinical 
and instrumental swallowing evaluation and provides 
vital information to diagnosis and treatment planning. 
the primary goal of all therapeutic approaches is the 
safeguarding of adequate nutrition, hydration, and 
airway protection.
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