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Abstract: Administration of drugs by inhalation is mainly used to treat lung
diseases and is being investigated as a possible route for systemic drug delivery.
It offers several benefits, but it is also fraught with many difficulties. The lung is a
complex organ with complicated physiology and specific pharmacokinetic processes.
Therefore, the exposure and subsequently efficacy of a drug after inhalation is
affected by a number of factors. In this review, we summarize the main variables
that may affect drug fate after inhalation delivery, such as physicochemical properties
of the drug, pulmonary clearance and metabolism, pathophysiological factors and
inhalation device. Factors that have impact on pharmacokinetic processes need to
be considered during development as their correct setting can lead to new effective
inhaled drugs.
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Introduction
Inhalation route is a way how to deliver a drug for various pulmonary diseases
directly to the main place of its effect in the lungs. It has a long tradition, especially
for local delivery, but in the meantime it has been also extended for systemic
drug delivery. The first and still the most common use of inhaled drugs is the
treatment of asthma and chronic obstructive pulmonary disease with betasympathomimetics, anticholinergics and corticosteroids. The inhalation delivery
may be advantageous for macromolecule drugs that would otherwise have to be
injected because the lungs are naturally permeable not only for small molecules but
also for peptides and proteins. Inhalation has been tested for systemic exposure
of insulin since many years. It has even reached the market in the US and provides
patients an option for a needle-free treatment. However, many more drugs such
as vaccines, chemotherapy or gene therapy have been tested (Chow et al.,
2007).
Inhalation is preferred route of drug administration for local treatment of
pulmonary diseases. The drug is delivered directly to the site of action. High drug
concentration in the lung is also ensured by avoiding first-pass metabolism of the
liver and low enzymatic activity in the lungs. This allows the use of lower dose of
the drug and reduces its systemic adverse effects (Rau, 2005; Eedara et al., 2021).
Inhalation is well tolerated and usually easy to administer.
One of possible advantages of inhalation delivery is rapid onset of action.
Therefore, it is used to treat an acute exacerbation and may also be beneficial for
systemic treatment due to highly permeable and perfused epithelium (Hou et al.,
2015). This could represent a clear benefit for the treatment of pain (Macleod et al.,
2012; Mercadante et al., 2019), migraine (Aurora et al., 2011), nausea and vomiting
(Merritt et al., 2002) or epileptic seizures (French et al., 2017).
Like other routes of administration, inhalation has its own limits. One of them
is the characteristics of the drug and drug formulation (Borghardt et al., 2018).
Aerodynamic particle size has a major effect on deposition and subsequent
absorption in the respiratory tract (Heyder, 2004). Other key factors that affect
pulmonary administration are lung condition and inhalation device (Borghardt
et al., 2018). In patients with lung disease, deposition is thought to be worse due
to pathophysiological modification. This may affect the expected kinetic processes.
Change in ventilation parameters and breathing patterns may cause incorrect
inhalation from an inhaler (Wang et al., 2014). The limit may also be the patient
handling the inhalation device.
Due to complexity of pulmonary administration, there are many factors that affect
the efficacy of inhaled drugs. Their overview is limited, although administration by
inhalation is relatively often studied. Therefore, this review focuses on the main
influencing factors such as drug properties (physical and physicochemical properties),
pulmonary characteristics (clearance, metabolism and pathophysiology) and
inhalation device.
Nováková A.; Šíma M.; Slanař O.
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Literature search
The search was done till February 2022 in PubMed and Web of Science databases.
The key words used for the searches were pulmonary delivery, pharmacokinetics,
drug formulation, inhalation, absorption, mucociliary clearance and lung diseases
in various combinations. The publications found were then evaluated in terms of
relevance to the purpose of this review.
Pharmacokinetic processes after inhalation
Deposition
Drug formulations are deposited in different parts of the lungs depending on their
particle size. The particles larger than 5 µm are deposited in the mouth, throat and
upper airways. They are swallowed and subsequently absorbed in the gastrointestinal
tract instead of reaching the lungs. The best particle size for achieving the lower
airways is 1–5 µm for adults (Prime et al., 1997; Hassan and Lau, 2010). For children,
it is assumed that the particle size should be different. It is not generally known how
large it should be (Laube et al., 2011; Deng et al., 2018). The particles smaller than
0.5 µm may not deposit at all (Pilcer and Amighi, 2010) as they may be breathed out
of the body. After deposition, the particles are cleared from lungs, absorbed
or degraded.
Clearance
Multiple processes take place in the lungs due to their complex structure. There are
diverse clearance mechanisms in different parts of the lungs such as mucociliary,
macrophage and metabolic clearance. Mucocilliary clearance is the key factor for
drug particles elimination from the upper airways while macrophages degrade the
most of drug in the lower airways (Borghardt et al., 2015). These are physiological
mechanisms that remove deposits of various mostly insoluble particles. Clearance
processes nevertheless eliminate dissolved drug as well.
Mucociliary clearance is the first line defense mechanism of the mucous layer,
the airways and the cilia (Munkholm and Mortensen, 2014). Insoluble particles
are trapped and transferred to the mouth by the cilia waving cells, and then are
swallowed into the gastrointestinal tract. This mechanism is more common and
faster for larger particles, in general they are completely removed within 24 h
(Edwards et al., 1997).
Macrophages play an important role in the immune response. They removed
insoluble or slowly dissolving particles from the alveolar region and transported
them to the cilia mucus. The ability of macrophage phagocytosis is dependent of
aerodynamic particle size (optimally 1–3 µm) (Edwards et al., 1997) and surface
charge. Macrophages have negatively charged surface, so the particles with a charged
surface are thought to be more susceptible to phagocytosis. Soluble and hydrophilic
particles have the ability to avoid macrophages (Patel et al., 2015; Liu et al., 2020).
Perhaps because they dissolve faster than they are captured by macrophages. The
Factors Affecting Drug Exposure after Inhalation
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particles that macrophages do not recognize can deposit in the alveoli for years
(Edwards et al., 1997). However, macrophages may be the delivery target of some
inhaled drugs. For example, for the treatment of infectious diseases (Rojanarat et al.,
2012; Zhang et al., 2018).
Absorption
The absorption rate depends on the dissolution rate (Borghardt et al., 2015) and
on the hydrophilicity of the drug (Dugas et al., 2013). Drug absorption is more
rapid from the alveolar space than from the tracheo-bronchial region due to
higher perfusion and thinner airway wall (Brown and Schanker, 1983; Mobley and
Hochhaus, 2001; Chillistone and Hardman, 2017). Absorption half-life of small
lipophilic molecules from the alveoli is about 1 to 2 minutes, and they are absorbed
by passive diffusion through epithelial cell membrane. Small hydrophilic molecules
have absorption half-life approximately 65 minutes, and they are most likely to be
transported via tight junctions or specific transporters (Patton et al., 2004, 2010;
Bacle et al., 2021). The macromolecules are usually absorbed via tight junctions
and transcytosis. Transport by endocytic vesicles is promoted by cationic charge of
the compounds. In general, the absorption time of the drug is dependent on the
molecular weight. Small peptides and proteins are usually absorbed faster compared
to subcutaneous administration and with increasing size the absorption gets slower
(Patton et al., 2004, 2010; Bacle et al., 2021).
Metabolism
Metabolic processes take place in the lung as in other tissues in the organism.
Drug metabolism enzymes are the same as in the intestine or the liver but their
expression is generally less in the lungs. Therefore, considerably lower doses may
be administered compared to the oral route to achieve similar systemic exposure
(Taylor, 1990; Upton and Doolette, 1999).
The most relevant metabolizing enzymes in the lungs are CYP1A1, CYP1B1,
CYP2E1 and CYP2B6 (Borghardt et al., 2018; Pasqua et al., 2022). CYP1A1 and
1B1 are mostly elevated in smokers (Kim et al., 2004). Their substrates are e.g.
theophylline or zolmitriptan that have been studied for inhaled delivery. CYP2E1
metabolizes anesthetics such as isoflurane, enflurane and halothane, one of the most
common used for the administration of inhaled drugs (Guengerich, 2020). Lungs
further contain several other drug metabolizing enzymes as aldehyde oxidases,
glucuronosyltransferases, hydrolases, esterases, and peptidases (Pasqua et al., 2022).
Carboxylesterases have been shown to rapidly hydrolyse mycophenolate mofetil to
the active molecule after pulmonary administration (Dugas et al., 2013). Small natural
peptides (< 3,000 D) can be very strongly enzymatically hydrolyzed by peptidase.
Therapeutic peptides should be chemical modified to be resistant to peptidases
(Patton et al., 2004). As the expression of drug metabolizing enzymes is relatively
low, drug metabolism is expected to be minor after inhalation.
Nováková A.; Šíma M.; Slanař O.
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Although the impact of active drug transporters on drug distribution after
pulmonary delivery could be envisaged (Endter et al., 2007; Patton et al., 2010),
the real impact seems to be limited as several studies demonstrated high
bioavailability of substrates of MDR1 from rat and mice lungs (Tronde et al., 2003a;
Manford et al., 2008). It suggests a minor role of P-glycoprotein in absorption from
the lungs.
Physicochemical properties
The Lipinski’s Rule of Five is a widely accepted method to predict ADME
(absorption, distribution, metabolism, and excretion) properties of oral drug
candidates. There are only a few studies that compared bioavailability of inhaled
drugs on the market with the Lipinski’s rule. Inhaled drugs on the market correlate
with the Rule probably as they were first administered orally (Choy and Prausnitz,
2011). However, optimal physicochemical property for delivery of inhaled
compounds have not been defined, yet (Ritchie et al., 2009; Strong et al., 2018).
The physicochemical properties of the drug do not appear to be as a significant
factor for lung delivery as after oral administration. Systemic absorption has been
described for drugs that did not comply with the Lipinski’s Rule and cannot be
delivered by conventional route (Uchenna Agu et al., 2001; Ritchie et al., 2009;
Siekmeier and Scheuch, 2009). This group includes macromolecules or proteins such
as insulin, as well as heparin or interleukin-2 (Siekmeier and Scheuch, 2009; Shute et
al., 2018; Dixon et al., 2021).
Pulmonary epithelium is permeable to molecules with high molecular polar surface
area unlike the intestinal epithelium and blood-brain barrier (Tronde et al., 2003b).
The degree of ionization can affect absorption and transport to the systemic
circulation. It is assumed that charged molecules may interact with protein and
lipid structures at the delivery site and this may slow down or diminish the rate of
absorption. Mucins that are negatively charged can capture the drugs with a positive
charge, while negatively charged particles easily penetrate (Sigurdsson et al., 2013;
Bacle et al., 2021). The ability to penetrate also depends on the lipophilicity of the
particle. Hydrophilic particles diffuse faster through lipophilic mucus compared to
hydrophobic molecules. Lipophilicity is even thought to have a greater influence on
mucus diffusion compared to charge (Leal et al., 2017; Liu et al., 2020). The mucus
layer can form certain specific binding interaction with the trapped particles due
to cationic or other selectivity of epithelial channels and thus form a barrier to the
passage of the particles (Sigurdsson et al., 2013; Tamai, 2013).
The dissolution rate has main impact on the effectiveness of pulmonary
clearance. Inhaled drugs should avoid these clearance mechanisms to ensure their
effect (Edwards et al., 1997). Drugs are therefore formulated as liquid or aerosol
particles that dissolve much faster than they are mechanically removed by mucus
or recognized by macrophages. Thus, these mechanisms appear to be negligible for
inhaled drugs (Patton and Byron, 2007; Borghardt et al., 2018).
Factors Affecting Drug Exposure after Inhalation
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Inhalation devices and drug formulation
Inhalation devices, excipients, a drug composition and handling with the device
by patient may affect the efficiency of the drug. The most often used devices for
inhalation delivery are dry powder inhalation system (DPI), metered-dose inhalation
system (MDI) and nebulizer systems.
The deposition of the particles is influenced mainly by the physical properties of
the aerosol (size, density, shape, hygroscopicity) and by respiratory physiology such
as anatomy and breathing pattern (Yeh et al., 1976; Prime et al., 1997; Braakhuis et
al., 2014). Humidity of the environment or even due to exhalation into the device
may disrupt the formulation of the hygroscopic drugs and can reduce their efficiency.
Hygroscopic aerosol is absorbing the water after inhalation which can cause a
particle size growing and different deposition patterns (Ferron et al., 1989).
Each inhaler device class has specific drug load capacity, advantages and
disadvantages that can affect administration of the drug or compliance with the
therapy. An issue of DPI device is inhalation flow. Each DPI has its own minimum and
optimal inhalation flow, most often around 30–60 l/min. Thus, the powder disperses
into fine particles suitable for inhalation (Hassan and Lau, 2010). The disadvantage of
nebulizers is a long time of inhalation connected with a cleaning time after inhalation
and low proportion of drug delivery (Pilcer and Amighi, 2010). MDI devices have
the most difficult handling technique. The coordination between breath (deep and
hard) and manual coordination may be for many patients challenging. Moreover, even
within each class of inhalation devices the individual device properties are unique,
subsequently the performance in drug delivery differs and therefore different inhalers
are not automatically interchangeable (Edsbäcker et al., 2008; Cazzola et al., 2016).
However, detailed review of inhalation device characteristics and performance have
not been included in this review.
Lung diseases
Lung diseases may have an impact on the fate of inhaled drugs for each process
(deposition, absorption and clearance) through a number of interacting mechanisms.
Obstructive lung disease (e.g. COPD [chronic obstructive pulmonary disease],
asthma, cystic fibrosis) affects the airways. Restrictive lung disease (e.g. pulmonary
edema, lung cancers, pulmonary embolus) causes the restriction in lung expansion,
which may be caused by involvement the alveoli, blood vessels and/or interstitium.
However, lung diseases can affect several different parts at the same time.
Lung diseases usually alters the deposition and subsequently absorption of
inhaled particles. Obstructive lung diseases increase the deposition of particles on
diseased lung lesions due to changes in airway diameter and ventilation conditions
(Darquenne, 2012). Systemic absorption is reduced due to less deposition in the
alveoli. Overall, this may be beneficial for local treatment (Borghardt et al., 2016),
however disadvantageous for systemic drug delivery. Pulmonary vascular disease
(emphysema, pulmonary fibrosis, pulmonary embolus) decreases systemic drug
Nováková A.; Šíma M.; Slanař O.
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absorption due to dysfunction of air-blood transfer. Loss or damage of functional
surface area and blood vessel damage lead to impaired lung perfusion and thus
reduced drug absorption. However, chronic airway inflammation and pulmonary
edema may increase systemic absorption due to loss of integrity and increased
permeability of barriers, which facilitates drug penetration (Patton et al., 2010;
Wang et al., 2014).
The mechanism of clearance may also be affected by lung disease. Phagocytosis
of alveolar macrophage is decreased in patients with COPD and cystic fibrosis,
probably due to inflammatory agents. Mucociliary clearance is impaired in almost all
pulmonary disease due to mucus changes (Houtmeyers et al., 1999; Munkholm and
Mortensen, 2014), the effect of inflammation mediators and cilia changes. Changes
in clearance mechanisms may not have a major impact on the drug efficacy, their
dysfunction consequently can alter the deposition patterns of the drug (ApiouSbirlea et al., 2010) and even impede the drug from reaching its target.
Interspecies comparison
Since various animal models are used to study the development of inhaled medicinal
products, anatomical and physiological differences should be considered. Overall,
they can affect all pharmacokinetics processes. Data from the U.S. Food and Drug
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Figure 1 – Allometric plots for alveolar surface area with body weight. On log/log scale, the size
of alveolar surface area within a species increases in proportion to body weight. Data obtained
from Wirkes et al. (2010).
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Administration (2005) are used to convert doses between species. They are based
on dose normalization to body surface area, which correlates with biological
parameters such as basal metabolism, and thus cover especially elimination phase
of pharmacokinetic processes. This is accurate for conversion after administration
by the conventional routes (e.g. intraperitoneal), however, more specific routes of
administration such as inhalation may be affected by much more factors (e.g. breath
rate, alveolar surface area). No dose conversion after inhalation between human and
other species has been suggested yet. We compared alveolar surface area and body
weight of different mammals (Wirkes et al., 2010) to find a correlation between
them that could predict drug absorption. Figure 1 shows on a logarithmic scale
allometric relationship of the alveolar surface area within a species to body weight.
Based on this observation, we suggest that usually used body weight-normalized
dose conversion between species sufficient and no other adjustments are required.
However, dose estimation requires careful consideration of all available information
and there is currently no uniform and universal approach. Inhalation in particular is
complex (different morphological structures, breathing patterns, etc.) and needs to
be further investigated.
Conclusion
Inhalation is route of choice for administration of drugs in the treatment of lung
diseases such as asthma and chronic obstructive pulmonary disease. Determining the
physicochemical and physical properties of the drug, drug formulation and inhalation
device can help to optimize the kinetic processes of the drug. The pulmonary
kinetic and absorption processes are highly complex. Lung diseases may change the
structure of the lungs, their clearance mechanism, perfusion and affect breathing
patterns. We observed strong correlation between alveolar surface area and body
weight. Based on this observation, traditionally used allometric scaling for conversion
of doses between animals and humans can be used without needs of further
adjustments.
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Abstract: Before coronavirus disease 2019 (COVID-19) emerged, proning had
been demonstrated to improve oxygenation in those with acute hypoxic respiratory
failure and be performed in non-intensive care settings. This benefit was further
exemplified by the COVID-19 pandemic, leading to awake prone positioning (APP).
We assessed the efficacy of routine APP versus standard care in preventing death
and invasive mechanical ventilation (IMV) in non-intubated hypoxic COVID-19
patients. PubMed, Cochrane Library, Scopus, and medRxiv databases were used
from January 1st, 2020, to January 15th, 2022, to identify randomized controlled
trials (RCTs). Routine APP group were encouraged to be self-prone, whereas the
standard care group received care according to local clinical practice and allowed
APP crossover as rescue therapy. We included eight COVID-19 RCTs assessing
809 APP vs. 822 standard care patients. APP group had less IMV requirement
(26.5% vs. 30.9%; OR – odds ratio 0.77; P=0.03) than the standard care group, with
subgroup analysis showing greater benefit (32.5% vs. 39.1%; OR 0.75; P=0.02) for
those mainly requiring oxygen support of non-invasive mechanical ventilation (NIMV)
and high-flow nasal cannula (HFNC). The time to IMV initiation was similar (mean
8.3 vs. 10.0 days; P=0.66) for patients requiring NIMV and HFNC. Patients mainly
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receiving supplemental oxygen and non-rebreather masks had improved oxygenation
parameters, although not statistically significant. Other outcomes involving all-cause
hospital mortality, hospital and ICU (intensive care unit) length of stay, and adverse
events were comparable. APP appeared to be an important modality for reducing
IMV requirements, especially in those requiring NIMV and HFNC.
Introduction
Before coronavirus disease 2019 (COVID-19), prone positioning was widely
adopted as a standard practice due to improvements in oxygenation and reduction
in mortality among invasive mechanical ventilation (IMV) patients with moderate
to severe acute respiratory distress syndrome (ARDS). These benefits continued
to be exemplified when combined with neuromuscular blockade and low-tidal
volume ventilation (Guérin et al., 2013; Munshi et al., 2017). Similarly, among
awake (non-ventilated) ARDS patients, prone positioning was shown to avert IMV
requirements and was particularly useful in settings where intensive care resources
were scarce (Ding et al., 2020). During the COVID-19 pandemic, many critically
ill COVID-19 patients would develop hypoxic respiratory failure, resulting in IMV
(Grasselli et al., 2020; COVID-ICU Group on behalf of the REVA Network and the
COVID-ICU Investigators, 2021). The significant morbidity and mortality observed
among critically ill COVID-19 patients requiring non-invasive mechanical ventilation
(NIMV), high-flow nasal cannula (HFNC), and IMV lead to the implementation of
prone positioning protocols across various medical institutions (Bentley et al., 2020;
Ng et al., 2020; Venus et al., 2020; Touchon et al., 2021). Prone positioning has
been demonstrated to improve oxygenation parameters involving partial pressure
of arterial oxygen (PaO2), partial pressure of arterial oxygen to fraction of inspired
oxygen (PaO2/FiO2) ratio, and peripheral blood oxygen saturation to FiO2
(SpO2/FiO2) ratio in critically ill COVID-19 patients requiring IMV (Sud et al.,
2010; Beitler et al., 2014; Lee et al., 2014; Bloomfield et al., 2015; Park et al., 2015;
Munshi et al., 2017; Shelhamer et al., 2021). The mechanisms by which prone
positioning improves oxygenation in non-ventilated COVID-19 patients were
thought to be similar to those requiring IMV. Our meta-analysis aimed to assess the
clinical outcomes of routine awake prone positioning (APP) versus standard care in
COVID-19 patients by analysing the current evidence from randomized controlled
trials (RCTs).
Methods
This systematic review was conducted and presented in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Ethical approval and informed consent were not required for this study as it was
a systematic review of previously published studies. The protocol for this review
was registered and published in the International Prospective Register of Systematic
Reviews (PROSPERO) under reference number CRD42022304024.
Meta-analysis of Routine Awake Prone Positioning Outcomes in COVID-19 Patients

142)

Prague Medical Report / Vol. 123 (2022) No. 3, p. 140–165

Search criteria and selection
A literature search was performed through PubMed, Cochrane Library, Scopus,
and medRxiv databases for articles published from January 1st, 2020, to January 15th,
2022, using the keywords, title/abstracts, and Medical Subjects Headings (MeSH)
terms: (“coronavirus disease 2019” OR “coronavirus 2019” OR “COVID-19”) AND
(“prone position” OR “awake prone positioning” OR “awake prone”). Moreover,
to detect additional studies, any cited references were reviewed to identify relevant
literature that met our inclusion criteria.
Inclusion criteria
We included studies: 1) containing non-intubated hospitalized COVID-19 adults (age
> 18 years) patients with acute hypoxic respiratory failure requiring oxygen therapy;
2) RCTs containing comparative data describing the clinical outcomes of patients
receiving routine APP versus standard care; 3) suspected or proven COVID-19
pneumonia (infiltrate on chest imaging) in which the diagnosis of COVID-19 was
made by reverse transcriptase-polymerase chain reaction (RT-PCR) in all cases from
respiratory tract that included nasopharyngeal swabs or lower respiratory tract
specimens (sputum, endotracheal aspirate – ETA, and bronchoalveolar lavage –
BAL); and 4) published in peer-reviewed and non-peer-reviewed journals. Patients
randomized in the routine APP group were encouraged to be self-prone for as long
as possible at the beginning of the trial before returning to the supine position as
necessary. In contrast, patients in the standard care group received care according
to clinical practice at respective hospitals and were allowed to crossover to prone
positioning (neither encouraged nor disallowed) as a form of rescue therapy for
acute hypoxic respiratory failure at the treating clinician’s discretion.
Exclusion criteria
We excluded: 1) systematic reviews, literature reviews, editorials, conference
abstracts, opinion articles, meta-analyses, observational studies, case reports, or
series; 2) non-adult (< 18 years of age), non-consentable, and pregnant patients;
3) patients with contraindications for awake proning or require the immediate need
for IMV before randomization; and 4) studies published in languages other than
English if no translated version of the manuscript was available. Contraindications
for awake proning were recent abdominal or thoracic surgery/trauma, facial/pelvic/
spinal fractures, pneumothorax, brain injury without intracranial pressure monitoring,
Glasgow Coma Scale (GCS) less than 15, and life-threatening cardiac arrhythmias.
Data collection and synthesis
Two researchers (W.H.C. and B.K.S.) independently screened the titles and
abstracts, and reviewed the full texts of articles to identify RCTs that compare the
clinical outcomes of COVID-19 patients receiving routine APP versus standard care.
Any disagreements were resolved by discussion with a third researcher (C.K.T.).
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The extracted data from full texts of included studies was added into a standardized
Excel (Microsoft Corporation) form. The following information was summarized in
Tables 1 and 2 for each group of patients receiving routine APP and standard care
and reported as means and standard deviations (SDs) for continuous variables.
When continuous variables were described by the median and interquartile range
(IQR) instead of mean and SD, the following formula was used for approximations:
mean = (median + IQR)/3 and SD = IQR/1.35 (Wan et al., 2014). For studies
that reported PaO2/FiO2 ratio without a corresponding SpO2/FiO2, we derived a
conversion based on SpO2/FiO2 = 64 + 0.84 × (PaO2/FiO2) (Rice et al., 2007).
Mortality was defined as all-cause in-hospital mortality. If in-hospital mortality was
not described among the included studies, but ICU (intensive care unit) mortality
was, we accepted the ICU mortality rate as the most suitable replacement. We used
the lengthiest interval of mortality to determine the in-hospital mortality rate for
studies that comprehensively described mortality at different intervals of 28-day,
30-day, 60-day, 90-day, or 180-day.
Outcomes
The primary outcomes assessed were all-cause in-hospital mortality and IMV
requirement in COVID-19 patients receiving routine awake prone positioning versus
standard care. The secondary outcomes were changes in SpO2/FiO2 ratio, time to
IMV initiation, hospital and ICU LOS (length of stay), and adverse events. Adverse
events were defined as skin breakdown or pressure sore/ulcer, vomiting, and
invasive line dislodgement involving an arterial or central venous catheter.
Quality assessment
Two researchers (W.H.C. and B.K.S.) performed quality assessments and the risk of
bias for each RCTs using the Cochrane Collaboration’s Risk of Bias Tool in Table 3
(Higgins et al., 2021). The Cochrane Collaboration’s Risk of Bias Tool determines
the quality of RCTs based on the assessment for random sequence generation,
allocation concealment, blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and other bias. We
considered a study’s overall risk of bias to be high if any domain was judged to be
at high risk of bias, except blinding of the participants and personnel, and blinding of
outcome assessment. By the design and intervention of all RCTs, it was not possible
for blinding between the APP (intervention) and standard care (control) groups to
occur. Therefore, we accepted standardization of care according to clinical practice
at respective hospitals to mitigate performance and detection bias.
Statistical analysis
A meta-analysis was performed for the primary and secondary outcomes using the
Review Manager (RevMan) software, Version 5.4, The Cochrane Collaboration,
2020. Using DerSimonian and Laird’s random-effects model, pooled odds ratios
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Single-center,
RCT

June 2020 –
September
2020

1) Adults
proven or
suspected
COVID-19
pneumonia
2) Supplemental oxygen
5–10 LPM and
SpO2 < 90%,
RR > 24 bpm

Multi-center,
RCT

Canada,
USA

May 2020 –
May 2021

1) Adults
proven or
suspected
COVID-19
pneumonia
2) Supplemental oxygen
up to 50% FiO2
3) Within
48 hours of
hospitalization

IMV, awake
proning contraindication,
dementia,
delirium

Multi-center,
RCT

Canada,
France, Ireland,
Mexico, USA,
Spain

April 2, 2020
– January 26,
2021

1) Adults
proven or
suspected
COVID-19
pneumonia
2) HFNC and
SpO2:FiO2
< 315 or
PaO2:FiO2
< 300 mm Hg

Pregnant,
BMI > 40 kg/
m2, hemodynamically
unstable, IMV,
or awake
proning contraindication

Study design

Country

Recruitment
date

Inclusion
criteria
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Exclusion
criteria

IMV, RR >
40 bpm, SBP
< 100 mm
Hg, awake
proning and
NIMV contraindication

Egypt

Gad (2021)

Fralick et
al. (2022)

Ehrmann
et al. (2021)

Author

Pregnant, GCS
< 15, IMV,
awake proning
contraindication

1) Adults proven
or suspected
COVID-19
pneumonia
2) Supplemental
oxygen > 4 LPM
and SpO2
> 92% or PaO2/
FiO2
100–300 mm Hg
and PaCO2
< 45 mm Hg
3) < 0.1 mcg/
kg/min of
norepinephrine
Pregnant, IMV,
unable to
change position
without
assistance
or provide
consent,
incarcerated

1) Adults
proven or
suspected
COVID-19
pneumonia

N/A

USA

Single-center,
RCT

Johnson et
al. (2021)

April 29,
2020 –
August 6, 2020

India

Multi-center,
RCT

Jayakumar
et al. (2021)

Pregnant,
unable to
prone,
terminally ill,
recovered
ARDS

1) Adults
proven or
suspected
COVID-19
pneumonia
2) Supplemental oxygen
1–6 LPM and
SpO2 90–92%

April 6, 2020 –
April 25, 2020

Switzerland

Multi-center,
RCT

Kharat et
al. (2021)

Pregnant,
IMV or
previous IMV,
Awake proning
hemodynamic
contrainstability, non- indication
consentable,
do-not-intubate

1) Adults
proven or
suspected
COVID-19
pneumonia
2) HFNC and
NIMV

June 1, 2020
– August 31,
2020

October
7, 2020 –
February 7,
2021

1) Adults
proven or
suspected
COVID-19
pneumonia
2) SpO2 < 93%
in room air or
supplemental
oxygen > 3
LPM
3) Within 7
days of illness
onset

USA

Single-center,
RCT

Taylor et
al. (2021)

Sweden

Multi-center,
RCT

Rosén et
al. (2021)

Table 1 – Clinical characteristics of eight RCTs comparing routine APP versus standard care
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Awake
proning (N)
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557

Standard care,
(N)

Proning
duration/daily, 0.3 ± 1.2
mean ± SD (H)

0 (0)

564 (100)

NIMV, N (%)

HFNC, N (%)

Supplemental
oxygen or
NRM, N (%)

300.0 ± 55.6

0.7 ± 1.5

122

5 (3.9)

0 (0)

147.9 ± 43.9

SpO2:FiO2
admission,
mean ± SD

N/A

118 (93.7)

29.7 ± 6.6

BMI, mean
± SD (kg/m2)

82 (65.1)

57.5 ± 17.0

6.8 ± 8.4

126

Fralick et
al. (2022)

0 (0)

380 (67.3)

Male gender,
N (%)

Initial O2 support

61.5 ± 13.3

Age, mean
± SD (Y)

Clinical characteristics

Proning
duration/daily, 5.6 ± 4.4
mean ± SD (H)

Ehrmann
et al. (2021)

Author

N/A

15

0 (0)

0 (0)

15 (100)

170.8 ± 111.3

N/A

9 (60.0)

49.6 ± 17.8

N/A

15

Gad (2021)

1.0 ± 1.5

30

1 (3.3)

2 (6.7)

26 (86.6)

233.3 ± 163.8

28.2 ± 5.7

25 (83.3)

54.8 ± 11.1

2.0 ± 0.7

30

Jayakumar
et al. (2021)

0

15

0 (0)

0 (0)

5 (33.3)

N/A

33.3 ± 8.8

8 (53.3)

52.3 ± 18.5

1.6 ± 2.2

15

Johnson et
al. (2021)

0.1 ± 0.5

17

0 (0)

0 (0)

17 (100)

314.3 ± 42.2

29.7 ± 5.3

6 (60.0)

54.0 ± 14.0

4.9 ± 3.6

10

Kharat et
al. (2021)

4.5 ± 4.9

39

31 (86.1)

5 (13.9)

0 (0)

152.0 ± 31.9

27.6 ± 3.7

23 (63.8)

64.3 ± 15.6

8.0 ± 4.6

36

Rosén et
al. (2021)

N/A

27

0 (0)

0 (0)

13 (100)

N/A

33.0 ± 11.1

7 (53.8)

50.6 ± 8.9

N/A

13

Taylor et
al. (2021)
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366 (65.7)

29.7 ± 6.6

148.6 ± 43.1

Male gender,
N (%)

BMI, mean ±
SD (kg/m2)

SpO2:FiO2
admission,
mean ± SD

0 (0)

557 (100)

NIMV, N (%)

HFNC, N (%)

2 (1.6)

0 (0)

119 (97.5)

303.7 ± 53.3

N/A

78 (63.9)

53.3 ± 13.3

Fralick et
al. (2022)

0 (0)

15 (100)

0 (0)

127.7 ± 112.5

N/A

8 (5.3)

43.3 ± 13.3

Gad (2021)

0 (0)

0 (0)

30 (100)

219.9 ± 125.9

25.8 ± 2.6

25 (83.3)

57.3 ± 12.1

Jayakumar
et al. (2021)

0 (0)

0 (0)

6 (40.0)

N/A

28.9 ± 6.3

8 (53.3)

62.0 ± 19.3

Johnson et
al. (2021)

0 (0)

0 (0)

10 (100)

342.3 ± 62.9

27.3 ± 4.2

11 (64.7)

60.0 ± 11.0

Kharat et
al. (2021)

29 (74.4)

10 (25.6)

0 (0)

156.0 ± 74.3

29.6 ± 4.4

32 (82.1)

63.3 ± 11.1

Rosén et
al. (2021)

0 (0)

1 (3.7)

25 (92.6)

N/A

31.6 ± 7.4

20 (74.1)

60.6 ± 8.1

Taylor et
al. (2021)

APP – awake prone positioning; ARDS – acute respiratory distress syndrome; BMI – body mass index; bpm – breaths per minute; COVID-19 – coronavirus disease 2019; D – days;
FiO2 – fraction of inspired oxygen; GCS – Glasgow Coma Scale; H – hours; HFNC – high-flow nasal cannula; ICU – intensive care unit; IMV – invasive mechanical ventilation; LPM –
litters per minute; N – numbers; N/A – non-available; NIMV – non-invasive mechanical ventilation; NRM – non-rebreather mask; O2 – oxygen; PaCO2 – partial pressure of carbon
dioxide; PaO2 – partial pressure of arterial oxygen; RCT – randomized controlled trial; RR – respiratory rate; SBP – systolic blood pressure; SD – standard deviation; SpO2 – ratio of
peripheral arterial oxygen saturation; Y – years

0 (0)

Supplemental
oxygen or
NRM, N (%)

Initial O2 support

60.7 ± 14.0

Age, mean ±
SD (Y)

Clinical characteristics

Author
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N/A

Line
dislodgement,
N (%)

26 (4.6)

2 (1.6)

N/A

Vomiting, N (%) 15 (2.7)

Pressure sore,
N (%)

8 (1.4)

53.3 ± 108.1

N/A

Change in
SpO2/FiO2
ratio, mean
± SD

Adverse events

N/A

2.3 ± 2.7

5.7 ± 4.4

Time to IMV,
mean ± SD (D)

16.4 ± 10.5

Hospital LOS,
mean ± SD (D)

6 (4.8)

N/A

185 (32.8)

IMV, N (%)

ICU LOS, mean 12.4 ± 9.0
± SD (D)

117 (20.7)

In-hospital
mortality, N
(%)

1 (0.8)

126

564

Awake
proning (N)

Outcomes

Fralick et al.
(2022)

Ehrmann et
al. (2021)

Author

N/A

N/A

N/A

N/A

20.0 ± 5.0

8.0 ± 3.0

28.0 ± 5.0

3 (20.0)

3 (20.0)

15

Gad
(2021)

N/A

N/A

N/A

–3.3 ± 26.2

N/A

11.5 ± 6.9

N/A

4 (13.3)

3 (10.0)

30

Jayakumar
et al. (2021)

N/A

N/A

N/A

131.3 ± 72.3

N/A

4.7 ± 4.0

N/A

2 (13.3)

2 (13.3)

15

N/A

N/A

N/A

60.7 ± 53.4

N/A

N/A

N/A

N/A

N/A

10

Johnson et al. Kharat et al.
(2021)
(2021)

0 (0)

1 (2.8)

2 (5.6)

N/A

2.7 ± 2.9

7.3 ± 6.7

16.3 ± 8.1

12 (33.3)

6 (16.7)

36

Rosén et al.
(2021)

Table 2 – Clinical outcomes of eight RCTs comparing routine APP versus standard care

1 (7.7)

0 (0)

0 (0)

N/A

N/A

0 (0)

5.3 ± 3.7

0 (0)

0 (0)

13

Taylor et al.
(2021)
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557

Standard care
(N)

5 (4.1)

223 (40.0)

16.5 ± 9.7

IMV, N (%)

Hospital LOS,
mean ± SD (D)
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1 (0.8)

N/A

N/A

N/A

N/A

N/A

25.0 ± 8.0

7.0 ± 2.0

26.0 ± 5.0

3 (20.0)

3 (20.0)

15

Gad
(2021)

N/A

N/A

N/A

–11.7 ± 22.6

N/A

9.9 ± 5.7

N/A

4 (13.3)

2 (6.7)

30

Jayakumar
et al. (2021)

N/A

N/A

N/A

79.3 ± 22.7

N/A

4.6 ± 1.4

N/A

1 (6.7)

0 (0)

15

N/A

N/A

N/A

0.0 ± 31.9

N/A

N/A

N/A

N/A

N/A

17

Johnson et al. Kharat et al.
(2021)
(2021)

0 (0)

0 (0)

9 (23.1)

N/A

3.0 ± 3.7

12.0 ± 14.1

19.6 ± 14.1

13 (33.3)

3 (7.7)

39

Rosén et al.
(2021)

0 (0)

0 (0)

0 (0)

N/A

N/A

0 (0)

8.3 ± 7.4

0 (0)

0 (0)

27

Taylor et al.
(2021)

APP – awake prone positioning; D – days; FiO2 – fraction of inspired oxygen; ICU – intensive care unit; IMV – invasive mechanical ventilation; LOS – length of stay; N – numbers;
N/A – non-available; RCT – randomized controlled trial; SD – standard deviation; SpO2 – ratio of peripheral arterial oxygen saturation

17 (3.1)

Vomiting, N (%) 18 (3.2)

Line
dislodgement,
N (%)

Pressure sore,
N (%)

N/A

61.0 ± 99.3

N/A

Change in
SpO2/FiO2
ratio, mean
± SD

10 (1.8)

N/A

2.0 ± 2.1

Time to IMV,
mean ± SD (D)

Adverse events

N/A

ICU LOS, mean 12.4 ± 8.4
± SD (D)

5.0 ± 3.7

1 (0.8)

122

Fralick et al.
(2022)

132 (23.6)

In-hospital
mortality, N
(%)

Outcomes

Ehrmann et
al. (2021)

Author
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(ORs), mean difference (MDs), and 95% confidence intervals (CIs) were calculated,
and extracted outcomes were pooled by weighted averages (DerSimonian and
Laird, 1986). The random-effects model was preferred over the fixed-effects model
as we suspected that clinical heterogeneity might be present due to the variability
across the included studies regarding differences in criteria for escalation of oxygen
therapy and IMV initiation, patient population characteristics, and clinical practices.
Furthermore, we aimed to assess the mean distribution of results across the eight
RCTs with various sample sizes without disregarding the results of small studies
and giving extra weightage to results from larger studies. Dichotomous outcomes
were assessed using Mantel-Haenszel statistical method as part of the randomeffects model and measured in ORs and their 95% CIs. Continuous outcomes
were evaluated by the inverse variance statistical method as part of the randomeffects model and measured in MDs. The inverse variance method accounts for
differing sample sizes of individual studies by weighting studies by the variance of
their estimates, such that small studies with large variance have less weighting, and
large studies with small variance have more weighting. Statistical heterogeneity
among studies was assessed by the I2 statistic. High heterogeneity was classified
as I2 statistics of 50% and greater, and low was with I2 statistics of less than 50%
(Higgins et al., 2003). A P-value of < 0.05 was considered statistically significant.
Subgroup analysis was performed by comparing RCTs involving COVID-19 patients
predominantly using NIMV and HFNC versus those using supplemental oxygen
and NRM (non-rebreather mask) to determine the impact of NIMV and HFNC on
primary outcomes of mortality and IMV.
Results
Study selection and characteristics
Two thousand five hundred thirty-four articles were identified through searched
databases. Eight eligible RCTs were included in this meta-analysis after removing
duplicates and those not meeting the inclusion criteria (Figure 1). A total of 1,631
COVID-19 patients were included, of which 809 patients received APP, and the
remainder received standard of care. The study and clinical characteristics were
summarized in Tables 1 and 2. The risk of bias for our primary outcome was low
across most studies except for two RCTs as summarized in Table 3 (Gad, 2021;
Johnson et al., 2021). Five RCTs assessed patients mainly receiving supplemental
oxygen and non-rebreather mask as initial oxygen support ( Jayakumar et al., 2021;
Johnson et al., 2021; Kharat et al., 2021; Taylor et al., 2021; Fralick et al., 2022),
whereas three RCTs by Ehrmann et al. (2021), Gad (2021), and Rosén et al. (2021),
assessed patients mainly receiving NIMV and HFNC.
All-cause in-hospital mortality and IMV
The overall all-cause in-hospital mortality was similar (16.5% vs. 17.5%; OR 0.90;
P=0.45) between COVID-19 patients in the routine APP group versus the standard
Meta-analysis of Routine Awake Prone Positioning Outcomes in COVID-19 Patients
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Figure 1 – Flow diagram of study selection.

care group (Figure 2). The mortality rate remained unchanged (3.2% vs. 1.5%; OR
1.79; P=0.41) in the four RCTs, mainly receiving supplemental oxygen and NRM
as initial oxygen support ( Jayakumar et al., 2021; Johnson et al., 2021; Taylor et al.,
2021; Fralick et al., 2022). For the three RCTs assessing patients mainly receiving
NIMV and HFNC as initial oxygen support, the mortality rate was equal (20.5% vs.
22.6%; OR 0.88; P=0.35) (Ehrmann et al., 2021; Gad, 2021; Rosén et al., 2021).
The overall IMV requirement was lower (26.5% vs. 30.9%; OR 0.77; P=0.03) in
the routine APP group than in the standard care group (Figure 3). Although patients
mainly receiving NIMV and HFNC in the routine APP group benefited from lower
(32.5% vs. 39.1%; OR 0.75; P=0.02) IMV requirements than the standard care
group, a similar outcome was not seen for those mainly receiving supplemental
oxygen and NRM. The time to IMV initiation for patients mainly receiving NIMV
and HFNC was comparable between the routine APP and standard care groups
(Figure 4). Indications for IMV were described in two RCTs with COVID-19 patient
deterioration involving respiratory rate > 40 breaths per minute, respiratory muscle
fatigue, respiratory acidosis with pH < 7.25, copious tracheal secretions, respiratory
distress with PaO2/FiO2 ratio < 100 mm Hg or SpO2 < 90% at 100% FiO2 for at
Chong W. H.; Saha B. K.; Tan C. K.
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Table 3 – Results of the Cochrane Collaboration’s Risk of Bias Tool for the eight randomized controlled trials
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Figure 2 – Forrest plot of COVID-19 patients divided into routine APP versus standard care. Outcomes of overall all-cause in-hospital mortality was assessed. Sensitivity
analysis was also performed for overall mortality dividing RCTs into patients mainly requiring supplemental oxygen and NRM, and patients mainly requiring NIMV and
HFNC. The odds ratio was calculated by the Mantel-Haenszel method with a random-effects model (APP – awake prone positioning; CI – confidence interval; HFNC –
high-flow nasal cannula; M-H – Mantel-Haenszel; NIMV – non-invasive mechanical ventilation; NRM – non-rebreather mask; RCTs – randomized controlled trials).
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Figure 3 – Forrest plot of COVID-19 patients divided into routine APP versus standard care. Outcomes of IMV requirement was assessed. Sensitivity analysis was
also performed for overall IMV requirement dividing RCTs into patients mainly requiring supplemental oxygen and NRM, and patients mainly requiring NIMV and HFNC
(APP – awake prone positioning; CI – confidence interval; HFNC – high-flow nasal cannula; IMV – invasive mechanical ventilation; M-H – Mantel-Haenszel; NIMV –
non-invasive mechanical ventilation; NRM – non-rebreather mask; RCTs – randomized controlled trials).
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Figure 4 – Forrest plot of COVID-19 patients divided into routine APP versus standard care. Outcomes of proning duration daily, hospital and ICU LOS, and time to IMV
were assessed. Mean differences were calculated by the inverse variance statistical method with a random-effects model (APP – awake prone positioning; CI – confidence
interval; D – days; ICU – intensive care unit; IMV – invasive mechanical ventilation; IV – inverse variance; LOS – length of stay; SD – standard deviation).
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Figure 5 – Forrest plot of COVID-19 patients divided into routine APP versus standard care. Outcome of SpO2/FiO2 change on supplemental oxygen and NRM
was assessed (APP – awake prone positioning; CI – confidence interval; NRM – non-rebreather mask; SD – standard deviation).
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Figure 6 – Forrest plot of COVID-19 patients divided into routine APP versus standard care. Adverse events involving pressure sore, vomiting, and invasive
line dislodgement were assessed (APP – awake prone positioning; CI – confidence interval; M-H – Mantel-Haenszel).
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least 5 minutes, altered mental status, and hypotension or shock (Ehrmann et al.,
2021; Gad, 2021).
Hospital and ICU LOS, change in SpO2/FiO2 ratio
In the six RCTs, the total duration of proning daily was significantly longer (mean
4.8 vs. 1.1 hours; MD 4.11; P=0.001) in the routine APP group than in the standard
care group (Figure 4) (Ehrmann et al., 2021; Jayakumar et al., 2021; Johnson et
al., 2021; Kharat et al., 2021; Rosén et al., 2021; Fralick et al., 2022). Five RCTs
demonstrated that the routine APP and standard care groups had comparable
hospital LOS (Figure 4) (Ehrmann et al., 2021; Gad, 2021; Rosén et al., 2021; Taylor
et al., 2021; Fralick et al., 2022). Similarly, the ICU LOS differed between the two
groups according to five RCTs (Figure 4) (Gad, 2021; Jayakumar et al., 2021; Johnson
et al., 2021; Rosén et al., 2021; Fralick et al., 2022). Among the four RCTs assessing
patients mainly receiving supplemental oxygen and NRM, the change in SpO2/FiO2
ratio was higher (mean 80.6 vs. 42.8; MD 24.30; P=0.09) in the routine APP group
than the standard care group, but statistical difference was not achieved (Figure 5)
( Jayakumar et al., 2021; Johnson et al., 2021; Kharat et al., 2021; Fralick et al., 2022).
Adverse events
Four RCTs assessing patients receiving routine APP versus standard care found no
difference in the incidence of vomiting (Figure 6) (Ehrmann et al., 2021; Rosén et al.,
2021; Taylor et al., 2021; Fralick et al., 2022). The incidence of other adverse events
involving pressure sores and invasive line dislodgements were similar in both groups
(Figure 6) as described in three RCTs (Ehrmann et al., 2021; Rosén et al., 2021;
Taylor et al., 2021).
Discussion
APP has emerged as an important and effective adjunct therapy in managing
COVID-19 patients with acute hypoxic respiratory failure due to the known
physiological benefits in gaseous exchange, prevention in respiratory support
escalation, good safety profile, and ease of implementation, even in non-intensive
care and resource-limited setting. While prone positioning benefited critically ill
patients with IMV requirements, our meta-analysis of RCTs demonstrated that
routine APP in non-intubated COVID-19 patients would reduce overall IMV
requirement, especially in those requiring HFNC and NIMV oxygen support. The
lack of blinding and IMV indications might influence the decision-making of treating
clinicians by having a lower threshold for initiating IMV in the standard care group,
mainly requiring HFNC and NIMV. Though, the time to IMV initiation for patients
requiring HFNC and NIMV was similar between the routine APP and standard care
groups. Despite the lack of statistical difference, the improvement in SpO2/FiO2
ratio in patients, mainly requiring supplemental oxygen and NRM, might create a false
perception of clinical improvement and lead to the potential harm caused by delayed
Meta-analysis of Routine Awake Prone Positioning Outcomes in COVID-19 Patients
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IMV initiation. However, no difference in all-cause in-hospital mortality, hospital and
ICU LOS, and incidence of adverse events (pressure sores, vomiting, invasive line
dislodgements) were observed in both groups. These findings suggested that the
clinicians treated COVID-19 patients correctly and appropriately identified those that
did not require IMV. Our pragmatic results supported the notion that routine APP
was a valuable tool for managing acute hypoxic respiratory failure considering recent
findings of comparable mortality rate and IMV duration in critically ill COVID-19
patients receiving early versus late intubation (Papoutsi et al., 2021).
Several meta-analyses published to date comparing the outcomes of APP
versus standard of care in COVID-19 patients suffer from the same limitations
as the majority of studies included were observational studies, lack a control
group, unmeasured confounding variables, variable sample sizes, and susceptible
to selection and publication bias (Ponnapa Reddy et al., 2021; Fazzini et al., 2022;
Pavlov et al., 2022; Schmid et al., 2022). Furthermore, many of these studies
were performed during the first and second pandemic wave, where rapid data
collection and dissemination was prioritized. Hence, the reported outcomes
might not be accurate and reflective of current clinical outcomes, considering the
rapid advancement of COVID-19 therapies. The effectiveness of APP remains
to be established in RCTs, likely due to multiple implementation barriers such as
adoption, feasibility, and tolerability. Although APP is a more cost-effective therapy
than IMV and extracorporeal membrane oxygenation (ECMO) for managing ARDS,
APP is perceived as a labor-intensive intervention and often deferred due to the
desire to minimize staff exposure and use of personal protective equipment (Poor
et al., 2020; Weatherald et al., 2021). Our meta-analysis was restricted to eight
RCTs, and the huge weightage of the RCT by Ehrmann et al. (2021) might have
influenced the outcomes of our meta-analysis. However, the outcomes would
likely not be different as Ehrmann et al. (2021) conducted a meta-trial of six RCTs
to achieve a large sample size to overcome known barriers to performing a RCT.
These barriers would have been further exacerbated during the ongoing pandemic
in which clinicians and research staffs were relocated to meet the increasing
demands of the overwhelmed healthcare setting. Other important clinical outcomes
such as mortality, IMV requirement, ICU and hospital LOS, and adverse events
were assessed because APP might provide a false sense of reassurance leading to
potentially delayed escalation of respiratory support and IMV initiation. We also
included RCTs from the grey literature of medRxiv to reduce publication bias and
used mortality from the longest follow-up period to avoid missing important data
contributed by the delayed clinical decompensation from the atypical COVID-19
phenotype (Chong et al., 2021, 2022). The prolonged duration of patient
enrolment as the RCTs were conducted between April 2020 and May 2021 would
increase the generalizability due to the rapid advancement in COVID-19 therapies
and the increase in APP experience gained among healthcare providers from
previous waves of the ongoing pandemic.
Chong W. H.; Saha B. K.; Tan C. K.
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There are several possible reasons for the similarity in outcomes of all-cause
in-hospital mortality, hospital and ICU LOS observed in COVID-19 patients receiving
APP versus standard care. 1) Crossover with the use of APP as part of rescue
therapy at the discretion of the treating clinician due to the known physiological
benefit in the standard care group; and 2) the mean daily duration of APP was 4.8
hours compared to 1.1 hours in the standard care group might not be significant
enough to demonstrate any difference in outcomes (Ehrmann et al., 2021; Jayakumar
et al., 2021; Rosén et al., 2021; Fralick et al., 2022). Prone positioning when
applied for a longer period (12 hours or more) has been demonstrated to improve
oxygenation and mortality in non-COVID-19 patients on IMV (Beitler et al., 2014;
Lee et al., 2014; Bloomfield et al., 2015; Park et al., 2015; Munshi et al., 2017).
Possibly because of the physiological benefit of prone positioning to facilitate lung
recruitment, improve compliance and promote ventilation-perfusion homogeneity
is a time-dependent event. However, similar to multiple studies and meta-analyses
assessing the benefits of prone positioning in non-COVID-19 patients with ARDS,
the exact threshold of minimum daily duration and cumulative hours in which prone
positioning will confer benefit remains unknown (Sud et al., 2010; Abroug et al.,
2011; Park et al., 2015; Munshi et al., 2017). Although the mean daily duration of
proning was recorded in our meta-analysis, the number of APP sessions and patients
adhering to APP remain uncertain. Furthermore, the mean daily duration of proning
was highly variable across different RCTs (Table 1), which might be explained by the
crossover from standard care to the APP group and poor patient compliance to APP
due to discomfort ranging from musculoskeletal discomfort, vomiting, coughing, and
anxiety, despite repeated encouragements (Touchon et al., 2021). Considering that
IMV patients are often heavily sedated and paralyzed to tolerate prone positioning,
these explain the difficulty of achieving a similar prone positioning duration in nonIMV patients. Nevertheless, poor tolerance and adherence to APP likely reflect realworld challenges for critically ill COVID-19 patients with underlying acute hypoxic
respiratory failure, multi-organ dysfunction, and a lack of high nursing-to-patient ratio
to reinforce APP.
Despite the known benefit of prone positioning, there remains a lack of evidence
guiding the timing of APP initiation for COVID-19 patients to achieve optimal
outcomes. Early initiation (within two days of ICU admission) of prone positioning
was associated with lower mortality among mechanically ventilated COVID-19
patients with moderate to severe ARDS (Mathews et al., 2021). A prospective
study observed that APP COVID-19 responders (more remarkable improvement in
oxygenation parameters) were those who had shorter time from hospital admission
to receiving APP (mean 2.7 vs. 4.6 days) when the duration and number of APP
sessions were similar (Coppo et al., 2020). A RCT that compared outcomes among
125 COVID-19 patients receiving early APP (less than 24 hours) compared to
delayed APP with HFNC showed improved oxygenation parameters and 28-day
mortality (Kaur et al., 2021). However, patients in the early APP had a longer daily
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duration of APP (mean 5.1 vs. 3 hours) than the delayed group.
In our meta-analysis, COVID-19 patients predominantly receiving NIMV and
HFNC during APP had reduced need for IMV requirements, although the time to
IMV initiation, mortality, and hospital/ICU LOS were similar. The rate of escalation
and the number of days free from HFNC and NIMV were not assessed in RCTs
requiring supplemental oxygen and NRM. Only one RCT demonstrated no difference
in mortality and IMV requirement among COVID-19 patients receiving APP
combined with NRM versus those solely receiving NIMV in the standard care group
(Gad, 2021). There remains a lack of studies comparing the outcomes of COVID-19
patients receiving either HFNC or NIMV during APP. Multiple prospective
observational COVID-19 studies assessing APP as an adjunctive to HFNC compared
to HFNC alone showed conflicting results in mortality rate and IMV requirement
despite increasing oxygenation parameters in the APP group (Ferrando et al., 2020;
Esperatti et al., 2022). Other small retrospective studies revealed a reduction in
respiratory rate and increased oxygenation parameters among COVID-19 patients
receiving NIMV with APP than those receiving NIMV alone (Winearls et al., 2020;
Chiumello et al., 2021). A small retrospective observational study involving 48
COVID-19 patients receiving APP revealed that patients managed by NIMV alone
had a lower mortality rate than those who transitioned from NIMV to HFNC
(Hallifax et al., 2020). However, it was possible that COVID-19 patients who were
transitioned from NIMV to HFNC had poor tolerance and demonstrated clinical
decompensation with failure to respond to existing oxygen support. Historically,
HFNC was favoured over NIMV in critically ill non-COVID-19 patients with ARDS
as HFNC provided a lower level of positive pressure compared to high levels of
positive pressure delivered by NIMV that may lead to patient self-induced lung
injury (P-SILI) in a spontaneous breathing patient, regardless of prone positioning
status (Walkey and Wiener, 2013; Spinelli et al., 2020). Therefore, current evidence
supporting the use of HFNC over NIMV is limited to observational non-COVID-19
ARDS studies in which HFNC was not demonstrated to be superior over NIMV in
improving gaseous exchange during APP, although clinical outcomes such as mortality
were not examined (Ding et al., 2020; Pérez-Nieto et al., 2020).
Prone positioning for patients requiring IMV is associated with an increased risk
of dislodgement of invasive lines that arise when turning, and pressure sores from
prolonged static positioning frequently in those receiving IMV, sedation, and NMB
(Venus et al., 2020). Multiple meta-analyses of non-COVID-19 patients requiring
IMV showed a similar incidence of line dislodgements but increased in pressures
sores during prone positioning compared to supine (Sud et al., 2010; Abroug et
al., 2011; Lee et al., 2014; Bloomfield et al., 2015; Park et al., 2015; Munshi et al.,
2017). However, the risks of pressure sores may be mitigated in an awake patient
who can change position independently for comfort. In our meta-analysis, adverse
events involving pressure sores, vomiting, and invasive line dislodgements were low
(less than 5%), and there was no difference between the routine APP and standard
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care groups. The lack of difference in pressure sore incidence is vital as pressure
sore has been associated with higher morbidity and mortality among critically ill nonCOVID-19 patients and constitutes a significant burden to the healthcare system
(Labeau et al., 2021).
There were several limitations to our meta-analysis. 1) The included RCTs were
diverse based on the inclusion criteria employed, unclear ARDS severity, time to
APP initiation from hospital admission, missing IMV indication (only discussed in
two RCTs) (Ehrmann et al., 2021; Gad, 2021), and associated-COVID-19 therapy
provided. The use of a random-effect model might have resulted in wider CIs and a
more conservative treatment effect; 2) As more than three-quarters of the studies
were conducted in Europe and the USA, there was a lack of generalizability toward
other populations of different demographics; 3) The exclusion of non-English studies
might preclude the extrapolation of our results towards low- and middle-income
countries that were equally burdened by COVID-19; 4) Because of the nature of
APP intervention, blinding of the patients and treating clinicians will not be feasible
leading to increased risk of bias; 5) Other essential clinical data that might affect
the efficacy of the intervention, management, and outcomes such as the number of
cycles of APP, severity and duration of illness before randomization, and existing donot-intubate status were not well-described. Clinical outcomes that have important
implications for patient care, such as changes in respiratory rate and oxygenation
parameters after proning, and time to the escalation of oxygen requirement, were
inconsistently assessed that might be used as a marker for P-SILI development
(Venus et al., 2020); and 6) Publication bias was not assessed due to the low number
of RCTs included, although RCT from grey literature of medRxiv was included
(Fralick et al., 2022). Future trials should ideally minimize crossover from supine to
APP, improve compliance to longer APP duration, compare the utility of different
forms of respiratory support during APP, and assess the clinical benefit of specific
interventions and devices for APP comfort and adherence are required.
Conclusion
When applied in an optimal manner and to the targeted COVID-19 population, APP
is associated with a reduction in IMV requirement, especially in patients requiring
NIMV and HFNC, and improvement in SpO2/FiO2 ratio in patients requiring
supplemental oxygen and NRM. Current evidence cannot determine the optimal
timing of initiation, duration, and frequency of APP sessions for COVID-19 patients.
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Abstract: To investigate the disturbance in serum levels of interleukin-17 (IL-17)
and transforming growth factor-beta1 (TGF-β1) and gene expression of retinoic
acid-related orphan receptor-gamma t (ROR-γt) and forkhead box-P3 (FOX-P3)
in patients with systemic lupus erythematosus (SLE) and to study their association
with disease pathogenicity and activity. Newly diagnosed active patients with SLE
(n=88) and healthy volunteers (n=70) were included. Serum IL-17 and TGF-β1 were
measured using enzyme-linked immunosorbent assay. Gene-expression profiles of
ROR-γt and FOX-P3 were screened using real-time polymerase chain reaction. The
IL-17/TGF-β1 and ROR-γt/FOX-P3 levels were also calculated. The mean age of the
patients was 30.96±8.25 years; they were 82 women and 6 men. Of the patients,
11.4% manifested mild disease while 88.6% had severe disease. The serum level of
TGF-β1 was significantly lower (70.2±34.9 vs. 200.23±124.77 pg/ml), while both
IL-17 (614.7±317.5 vs. 279.76±110.65 pg/ml) and IL-17/TGF-β1 (18.5±30.1 vs.
1.66±0.9) levels were significantly higher, in patients than in controls (p<0.0001).
The gene-expression level of FOX-P3 (0.6±0.8 vs. 13.68±39.35) was reported to be
lower, while ROR-γt (3.9±3.5 vs. 1.99±2.09) and ROR-γt/FOX-P3 (18.6±21.1 vs.
7.63±17.19) levels were significantly higher, in patients than in controls (p<0.0001).
Disturbance in serum levels of IL-17 and TGF-β1 in T helper-17 and T-regulatory
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cells proliferation was highlighted through an imbalance in the gene expression of
FOX-P3 and ROR-γt, as both are signature genes for the two cell types, respectively.
These findings underscore the critical role of IL-17 and TGF-β1 in SLE development,
rendering them potential targets for developing novel immunotherapeutic strategies.
Introduction
Systemic lupus erythematosus (SLE) is a chronic, debilitating, systemic autoimmune
disease. Excessive innate immune response contributes to SLE pathogenicity through
tissue damage due to extensive production of proinflammatory cytokines, as well
as by activation of autoreactive T- and B-cells, which in turn leads to autoantibody
production, immune complex deposition, and organ failure (Schinocca et al.,
2021). Several key factors are associated with SLE pathogenesis, including cytokine
imbalance, oxidative stress, and apoptosis. Interleukin (IL-)17, IL-23, IL-21, and
transforming growth factor beta 1 (TGF-β1) have only recently been distinguished
for their pathogenic roles in SLE (Metawie et al., 2015; Schinocca et al., 2021).
Cytokines play a complex role in SLE pathogenesis. In patients with active SLE
marked by extensive organ damage, IL-17 levels are high. The T helper (Th-)17
cell subset is the main producer of IL-17, wherein the retinoic acid-related orphan
receptor gamma t (ROR-γt) is the signature transcriptional factor that primarily
controls cell differentiation (Capone and Volpe, 2020). IL-17A and IL-17F both
contribute to systemic inflammation associated with bone-cartilage destruction and
generalized tissue damage, and the expanded population of Th-17 cells was defined
in the peripheral blood of patients with SLE (Robert and Miossec, 2020).
The TGF-β1 isoform is the most potent immunosuppressant mediator that
controls cell proliferation and fate via apoptosis. TGF-β1 is a substantial negative
regulator of B-cell proliferation and differentiation, thereby dampening the
production of immunoglobulins, with a distinctive role in T-cell proliferation,
differentiation, and homeostasis (Oh and Li, 2013; Metawei et al., 2015). TGF-β1
production is reduced in patients with SLE, which could predispose them to
autoreactive T-cell development and pathogenic autoantibody production (Metawei
et al., 2015). A specific subset of TGF-β1-deficient mice showed early mortality,
pointing to their crucial role in maintaining tolerance (Oh and Li, 2013). Both TGF-β
and the transcription factor forkhead box-P3 (FOX-P3) act synergistically to promote
T-reg cell differentiation. Conversely, the presence of TGF-β and IL-6 dampens T-reg
cells and enhances Th-17 differentiation by inhibiting FOX-P3 and promoting RORc
(Robert and Miossec, 2020).
T-reg cells produce IL-10, IL-35, and TGF-β; additionally, they stimulate IL-2 and
TGF-β, which play a protective role in autoimmune diseases by inhibiting effector
T-cell activity. However, in SLE, when IL-6 levels increase, T-reg cells are converted
into Th-17 cells (Yuliasih et al., 2019). Immunotherapy agents have recorded more
successful outcomes in inflammatory joint disorders than in SLE. This may be due to
the complexity of the immunological profile of SLE (Becker-Merok et al., 2010).
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To understand the abnormalities that lead to SLE development at the cytokine
and cellular levels pertaining to the IL-17 and TGF-β1 axes, the aim of the present
study was to reveal the immune balance between IL-17 and TGF-β1 and the geneexpression balance between ROR-γt and FOX-P3 in patients with SLE, and their
relationship with disease pathogenicity and activity.
Material and Methods
This case-control study was conducted between December 2020 and March 2021.
Eighty-eight patients visiting the Rheumatology Unit, Baghdad Teaching Hospital,
Iraq, fulfilling the European League Against Rheumatism/American College of
Rheumatology (EULAR/ACR) classification criteria for SLE (Petri et al., 2012)
and 70 healthy age- and sex-matched controls were included. Participants aged
<18 years, those with cancer, and those with other autoimmune and/or infectious
diseases were excluded.
Data were collected through direct interviews and blood samples were collected.
The SLE Disease Activity Index (SLEDAI) (Bombardier et al., 1992) was also
evaluated. Disease activity was scored as follows: ≤ 3, no flare; score 3–12 indicating
moderate disease activity; and > 12, severe flare (Gladman et al., 2000).
The study protocol was approved by the institutional review board of the College
of Medicine/Al-Nahrain University (Approval No. 202011115). All the participants
provided written informed consent.
Quantification of cytokines
Absolute serum levels of IL-17A and TGF-β were determined using the sandwich
enzyme-linked immunosorbent assay (ELISA) technique (Human IL-17A and TGF-β
kits, Abnova, Korea), according to the manufacturer’s instructions. The results were
expressed as optical density (OD), read at 450 nm, and calculated according to the
OD of standards. As TGF-β is mostly present in an inactive form, activating reagents
were used. The minimally detectable rate was 16.5 pg/ml for both IL-17A and
TGF-β.
Quantitative mRNA expression
Quantitative mRNA expression of ROR-γt and FOX-P3 in peripheral mononuclear
cells (PMNCs) was analysed using reverse-transcription polymerase chain reaction
(RT-PCR). Blood samples were collected in ethylenediaminetetraacetic acid (EDTA)
vacutainer tubes. Total RNA was extracted (Wizbio Solution, Korea) within 3 h of
sample collection. The concentration and purity of the extracted RNA were further
verified by measuring the absorption at 260 nm and 260/280 ratio, respectively
(Nanodrop spectrophotometer/Thermo scientific). The eluted RNA was subjected
to complementary DNA (cDNA) synthesis (Wizbio solutions/Korea) on the same
day as the RNA extraction. Cycling conditions were as follows: 25 °C for 10 min,
42 °C for 30 min, and 4 °C for hold. Synthesized cDNA samples were stored
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at –20 °C until use. For RT-PCR, glyceraldehyde 3-phosphate dehydrogenase
(GADPH) was used as a housekeeping gene. Primers (Applied Biological Materials/
Canada) were as follows:
FOX-P3: forward (TACAGCACGGTATGCAAGCC);
reverse (GCAACCGATCTAGCTCACAGAG).
ROR-γt: forward (AGATTACTACAACCGATCCACCT);
reverse (GGGGACAGAGTTCATGTGGTA).
GADPH: forward (CATGTTCGTCATGGGTGTGAACCA);
reverse (AGTGATGGCATGGACTGTGCTCAT).
Two microliters cDNA, 10 µl mastermix-SYBR Green (KAPA SYBR Fast qPCR
[2X]/USA), 2 µl primers were added to the reaction tube and completed to 20 µl
RNase free water in an automated thermocycler (Sacace Biotechnologies/Italy)
programmed as follows: enzyme activation 95 °C/5 min, denaturation 95 °C/20 s,
annealing 60 °C/20 s (40 cycles), and extension at 72 °C for 20 s.
Statistical analysis
It was conducted using the Statistical Package for the Social Sciences (SPSS) software,
version 23. Data are presented as mean ± SD (standard deviation), median and
interquartile range (IQR), or n (%). The Mann-Whitney test was applied to compare
the two groups. The receiver operating characteristic (ROC) curve was used to
identify sensitivity and specificity. The area under the curve (AUC) was measured
and discrimination considered premium > 0.9, excellent 0.7–0.8, agreeable 0.6–0.7.
Statistical significance was set at p≤0.05.
Results
Clinical and laboratory characteristics of the participants
The age of the patients and controls ranged from to 18 to 50 years. The mean
age of the patients was 30.96 ± 8.25 years, F:M 13.6:1, and matched with the
control parameters (age 29.97 ± 8.06 years and F:M 10.6:1; p=0.45 and p=0.77,
respectively). The body mass index (BMI) was also comparable (26.8 ± 4.38
vs. 26.04 ± 4.01; p=0.26). The controls had normal values of haemoglobin
(11.79 ± 1.12 g/dl), platelets (235.7 ± 49.54×103/mm3), erythrocyte sedimentation
rate (ESR) (13.62 ± 5.3 mm/h), C-reactive protein (CRP) (1.45 ± 1.03 mg/dl),
urea (18.24 ± 5.64 mg/dl), creatinine (0.51 ± 0.19 mg/dl), complement
C3: 125.81 ± 19.45 mg/dl, complement C4: 35.71 ± 8.05 mg/dl, negative
antinuclear antibodies (ANA) (125.81 ± 19.45 IU/ml), and anti-double-stranded
deoxyribonucleic acid (anti-dsDNA) (2.29 ± 2.31 IU/ml). None of the participants
were smokers. Ten (11.4%) patients and 2 (2.9%) controls had a family history of
SLE (p=0.07). Regarding the SLEDAI, 10/88 (11.4%) patients had mild disease, while
78/88 (88.6%) had severe disease. Patient characteristics are presented in Table 1.
The laboratory results are presented in Table 2.
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Table 1 – Characteristics of the patients with systemic lupus
erythematosus (SLE) and healthy controls
Variable

Patients (n=88)

Control (n=70)

p-value

Age (year), mean ± SD

30.96 ± 8.25

29.97 ± 8.06

0.453

2

26.80 ± 4.38

26.04 ± 4.01

0.261

BMI (kg/m ), mean ± SD
Sex, n (%)

female
male

82 (93.2%)
6 (6.8%)

64 (91.4%)
6 (8.6%)

0.767

Smoking, n (%)

negative
positive

88 (100%)
0 (0.0%)

70 (100%)
0 (0.0%)

1.000

Family history, n (%)

absent
present

78 (88.6%)
10 (11.4%)

68 (97.1%)
2 (2.9%)

0.067

Disease activity
score, n (%)

no flare
mild
severe

0 (0.0%)
10 (11.4%)
78 (88.6%)

Mucocutaneous

negative
positive

20 (22.7%)
68 (77.3%)

Musculoskeletal

negative
positive

18 (20.5%)
70 (79.5%)

Renal

negative
positive

88 (100%)
0 (0.0%)

Cardiovascular

negative
positive

82 (93.2%)
6 (6.8%)

Serositis

negative
positive

88 (100%)
0 (0.0%)

Neuropsychiatric

negative
positive

52 (59.1%)
36 (40.9%)

Hematological

negative
positive

0 (0.0%)
88 (100%)

Fever

negative
positive

16 (18.2%)
72 (81.8%)

Hair loss

negative
positive

0 (0.0%)
88 (100%)

Organ involvement

BMI – body mass index; SD – standard deviation

Comparison of IL-17 and TGF-β levels between patients with SLE and healthy controls
The medians of IL-17 and TGF-β levels in patients with SLE (n=88) were compared
to those of controls (n=70) using the Mann-Whitney test. Sandwich ELISA showed
a significantly elevated level of circulating IL-17 in patients with SLE than in healthy
controls, with a median of 594.61 pg/ml vs. 319.83 pg/ml (p<0.001). TGF-β1 levels
Ali H. N.; Alubaidi G. T.; Gorial F. I.; Jasim I. A.
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0.62

27.00

144.00
0.62 ± 0.24

28.12 ± 13.16

160.56 ± 87.77

10.99 ± 1.72

2.92 ± 2.47

45.01 ± 38.15

0.0

19.0

106.0

2.0

2.0

40.3

8.0

36.0

37.0

77.0

IQR

0.50

17.50

230.00

11.85

1.17

12.50

36.00

122.45

0.32

1.89

median

0.51 ± 0.19

18.24 ± 5.64

235.7 ± 49.54

11.79 ± 1.12

1.45 ± 1.03

13.62 ± 5.3

35.71 ± 8.05

125.81 ± 19.45

0.36 ± 0.25

2.29 ± 2.31

mean ± SD

Control (n=70)

0.0

7.0

76.0

1.0

2.0

7.0

14.0

28.0

0.0

3.0

IQR

0.005

<0.001

<0.001

0.008

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

p-value

Hb – hemoglobin; CRP – C-reactive protein; C3 – complement 3; C4 – complement 4; ANA – antinuclear antibody; dsDNA – double-stranded deoxyribonucleic acid;
ESR – erythrocyte sedimentation rate; IQR – interquartile range; SD – standard deviation

Creatinine (mg/dl)

Urea (mg/dl)

Platelet (×10 /mm )

11.15

2.70

3

45.00

ESR (mm/h)

CRP (mg/dl)

3

54.32 ± 33.10

11.20

C4 (mg/dl)

Hb (g/dl)

11.52 ± 7.58

36.40

C3 (mg/dl)

29.93 ± 38.40

19.85

ANA (IU/ml)

80.36 ± 55.48

mean ± SD

80.07

median

Patients (n=88)

dsDNA (IU/ml)

Variable

Table 2 – Comparison of laboratory markers between patients with systemic lupus erythematosus (SLE)
and healthy controls
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Table 3 – Comparison between patients with systemic lupus
erythematosus (SLE) and healthy controls regarding interleukin-17
(IL-17), transforming growth factor beta 1 (TGF-β1), forkhead box-P3
(FOX-P3), and retinoic acid-related orphan receptor gamma t
(ROR-γt)
Patients (n=88)
Variable

Control (n=70)
p-value

median
(IQR)

mean ± SD

median
(IQR)

mean ± SD

TGF-β1
(pg/ml)

76.4 (59.7)

70.2 ± 34.9

168.1 (69.6)

200.23 ± 124.77

<0.001

IL-17A
(pg/ml)

594.6 (271.5)

614.7 ± 317.5

319.8 (191.9)

279.76 ± 110.65

<0.001

IL-17A/
TGF-β1

8.70 (14.5)

18.5 ± 30.1

1.60 (1.4)

1.66 ± 0.90

<0.001

FOX-P3*

0.28 (0.57)

0.6 ± 0.8

0.80 (5.1)

13.68 ± 39.35

ROR-γt*

3.01 (3.14)

3.9 ± 3.5

1.01 (2.8)

1.99 ± 2.09

<0.001

ROR/
FOX-P3

8.82 (18.2)

18.6 ± 21.1

0.90 (6.7)

7.63 ± 17.19

<0.001

0.001

IL-17 – interleukin-17; TGF-β1 – transforming growth factor beta 1; FOX-P3 – forkhead box-P3; ROR-γt – retinoic
acid-related orphan receptor gamma t; IQR – interquartile range; SD – standard deviation; *the marker was determined
by relative gene expression

were lower in patients with SLE than in controls (76.38 pg/ml vs. 168.13 pg/ml)
(p<0.001). The IL-17/TGF-β ratio was significantly higher among patients with SLE
(8.69), in comparison to that seen in controls (1.61%) (p<0.001). Comparisons of
IL-17 and TGF-β levels and mRNA expression of FOX-P3 and ROR-γt between
patients and controls are presented in Table 3.
Differential mRNA expression of FOX-P3 and ROR-γt in patients with SLE
and healthy controls
The medians of FOX-P3 and ROR-γt of patients with SLE (n=88) were compared
with those of controls (n=70) using the Mann-Whitney test. Quantitative
measurement of mRNA expression of FOX-P3 using RT-PCR revealed that its
relative gene expression in patients with SLE was 0.28 compared to 0.76 in healthy
controls, which was significantly lower (p=0.001). However, the gene expression
of ROR-γt in patients with SLE was 3.0, which was significantly higher than that
in healthy controls (1.0) (p<0.001). Furthermore, the ROR-γt/FOX-P3 ratio
was higher in patients with SLE (8.8) than in healthy controls (0.91) (p<0.001).
Comparison of IL-17 and TGF-β levels and mRNA expression of FOX-P3 and
ROR-γt in patients according to disease activity grade is shown in Table 4.
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Table 4 – Comparison between patients with systemic lupus
erythematosus (SLE) according to disease activity regarding
interleukin-17 (IL-17), transforming growth factor beta 1 (TGF-β1),
forkhead box-P3 (FOX-P3) and retinoic acid-related orphan receptor
gamma t (ROR-γt)
Mild activity (n=10)
Variable

Severe activity (n=78)
p-value

median
(IQR)

mean ± SD

median
(IQR)

mean ± SD

TGF-β1
(pg/ml)

86.4 (56.3)

81.4 ± 28.8

72.8 (69)

68.8 ± 35.6

0.360

IL-17A
(pg/ml)

555.7 (251.7)

582.6 ± 146.8

601.3 (256.7)

618.8 ± 333.5

0.730

IL-17A/
TGF-β1

8.90 (4.5)

7.9 ± 2.9

8.50 (15.4)

19.8 ± 31.7

0.490

FOX-P3*

0.41 (0.9)

0.7 ± 0.8

0.25 (0.5)

0.5 ± 0.8

0.510

ROR-γt*

6.23 (6.5)

7.4 ± 5.7

2.91 (2.6)

3.5 ± 2.9

0.003

ROR/
FOX-P3

17.60 (41.5)

29.7 ± 29.8

8.80 (17)

17.2 ± 19.5

0.150

IL-17 – interleukin-17; TGF-β1 – transforming growth factor beta 1; FOX-P3 – forkhead box-P3; ROR-γt – retinoic
acid-related orphan receptor gamma t; IQR – interquartile range; SD – standard deviation; *the marker was determined
by relative gene expression

The ROC analysis of IL-17, TGF-β1 and IL-17/TGF-β1 ratio
For differential diagnosis, ROC analysis showed that the AUC for TGF-β1 was 0.988,
with 91.4% sensitivity and 97.9% specificity under a 116.7 cut-off value. For IL-17,
the AUC was 0.918, with 81.8% sensitivity and 88.6% specificity under a 392.8
cut-off value. For IL-17/TGF-β, the AUC was 0.99, with 90.9% sensitivity and 97.1%
specificity under a 3.38 cut-off value (Figure 1).
The ROC analysis of FOX-P3, ROR-γt, and ROR-γt/FOX-P3 ratio
For differential diagnosis, ROC analysis showed that FOX-P3 had an AUC of 0.661,
with 54.3% sensitivity and 59.1% specificity, and 0.44 cut-off value. ROR-γt had an
AUC of 0.710, with 68.2% sensitivity and 68.6% specificity, under a cut-off value
of 2.23. Regarding ROR-γt/FOX-P3, it had an AUC of 0.797, with 72.7% sensitivity
and 74.3% specificity, with 5.42 cut-off value (Figure 2).
Discussion
Systemic lupus erythematosus results from global self-tolerance collapse and is
characterized by an aberrant innate immune response that contributes to tissue
injury via the release of inflammatory mediators (Lee et al., 2016).
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Figure 1 – Receiver operating characteristic
(ROC) analysis of transforming growth factor
beta 1 (TGF-β1), interleukin-17 (IL-17),
and IL-17/TGF-β1 to distinguish patients
with systemic lupus erythematosus (SLE)
from healthy controls.
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Figure 2 – Receiver operating characteristic
(ROC) analysis of forkhead box-P3 (FOX-P3),
retinoic acid-related orphan receptor gamma t
(ROR-γt), and ROR-γt/FOX-P3 ratio to distinguish
patients with systemic lupus erythematosus
(SLE) from healthy controls.
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The present study pointed to a significant female predominance (1:13.6
male:female ratio), which concurs with previous Iraqi and international studies
(Al-Hattab and Al-Waiz, 2004). Notably, none of the patients were smokers,
probably because most of them are women, and, by inference, non-smokers, due
to pervasive cultural factors in Iraq. The most prevalent clinical manifestations
were mucocutaneous (77.3%), musculoskeletal (79.5%), neuropsychiatric (40.9%),
cardiovascular (6.8%), and fever (81.8%). None of the patients had renal or
serositis involvement, which may be because the cases were newly diagnosed.
It is likely that renal manifestations are observed on follow-up. Additionally, the
cases were collected from a tertiary rheumatology center, and, possibly, cases
with musculoskeletal manifestations were referred to, while those with renal
manifestations were referred to the nephrology centers. Regarding the high
percentage of neuropsychiatric manifestations, the occurrence of a particular
neurological or psychiatric syndrome does not necessarily imply that SLE is
the underlying cause, particularly with relatively common syndromes. Certain
neurological symptoms may be coincidental, while others may arise from treatment
complications or comorbidity. The present study recorded a disturbance in the
serum levels of IL-17 and TGF-β1 in patients with SLE in comparison to control
levels, and the IL-17/TGF-β ratio was significantly higher. IL-17, TGF-β, and their
ratios were not significantly related to disease activity grade. In another study, IL-17
was found to be associated with disease activity (Chen et al., 2010). Concordantly,
IL-17 family members are involved in several chronic inflammatory disorders, such
as SLE, with an elevated serum concentration of IL-17 (Chen et al., 2010) and the
number of Th-17 cells (Xing et al., 2012). Other studies have reported increased
circulating levels of IL-17 in patients with SLE, with no association with disease
activity (Zhao et al., 2010; Vincent et al., 2013). Conversely, comparable serum
levels of IL-17 in patients with SLE and controls without a clear link to disease
activity have been reported (Schinocca et al., 2021).
The pathogenic action of IL-17 is an essential attribute of acute inflammation; it is
involved in neutrophil infiltration via a pathway distinct from that of IL-1 and TNF-α
(Liu et al., 2016). Elevated circulating IL-17 levels have also been recorded in other
autoimmune disorders, psoriasis, and ankylosing spondylitis, and its antagonists have
been potentially successful (Schinocca et al., 2021). IL-17 is also capable of inducing
inflammation through mediators, such as matrix metalloproteinases and nitric
oxide, which is being implemented in patients with SLE, it is associated with disease
activity and renal injury (Adamidis et al., 2019). The pathologic role of IL-17 in the
development of rheumatic diseases such as SLE has led to the emergence of novel
anti-IL-17 drugs, such as secukinumab (Rafael-Vidal et al., 2020).
TGF-β1 levels are significantly lower in patients with SLE than in healthy controls
and are not associated with disease activity (El Menyawi et al., 2018). Another
Egyptian study reported a significantly reduced level of TGF-β1 in patients with SLE
in comparison to the control level; in contrast, they emphasized that low plasma
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TGF-β1 levels are associated with high disease activity and severe renal damage
(Metawie et al., 2015). Abnormal levels of TGF-β have been reported in patients
with SLE, associated with both disease activity and renal damage (Becker-Merok
et al., 2010). It is speculated that the reduction in serum TGF-β1 is associated
with SLE through its role in abrogating T-reg cell function and differentiation
( Joshi et al., 2014). Another proposed mechanism for TGF-β implementation in
immunoregulation is through the induction of naive CD4+ T cell differentiation
into Th-3 cells, which are found to play a remarkable role in inducing peripheral
tolerance through elevated TGF-β secretion, with low amounts of IL-10 and IL-4
(Carrier et al., 2007). Patients with SLE who reported reduced plasma TGF-β levels
showed autoreactive T-cell activation and differentiation, in addition to pathogenic
autoantibody production. Simultaneously, TGF-β1 upregulation may worsen
outcomes. Although TGF-β plays a pivotal role in maintaining immune tolerance,
direct signalling blockade may result in critical adverse effects, owing to its pleiotropic
effect. This represents an obstacle in the development of direct TGF-β1 therapy or
neutralizing antibodies (Komai et al., 2018).
Notably, disturbances in IL-17 and TGF-β levels may be driven by polymorphisms
in the genes encoding these two cytokines or their receptors, which may culminate
in the development of SLE (Hristova et al., 2021).
In a prior in vivo study, the IL-17/TGF-β1 ratio was increased in comparison to
that seen in the control (Poeranto, 2019). A previous study conducted in India
highlighted the association between cytokine imbalance and autoimmune diseases;
they recorded an increase in INF-γ/IL-10 in patients with vitiligo in comparison to
the ratio in healthy individuals (Ala et al., 2015).
In the present study, the gene-expression level of FOX-P3 was lower in patients
than in controls, and the ROR-γt and ROR-γt/FOX-P3 levels were higher. However,
ROR-γt levels were significantly higher in patients with mild activity than in those
with severe activity. An increase in peripheral ROR-γt gene expression indicates
an increase in activation and proliferation of Th-17 cells. As ROR-γt is the master
regulator gene in Th-17 cells, it controls differentiation and induces IL-17A and IL-17F
expression. Furthermore, naive CD4+ helper cells require ROR-γt to respond to
IL-6 and TGF-β, which are required for Th-17 differentiation (Lamb et al., 2021).
Concordant with the findings of the current study, an increase in the number of
Th-17 cells in patients with SLE in comparison to that seen in controls has been
reported, which is significantly correlated with disease activity and renal injury
(Narani, 2019).
Th-17 cells are implicated in the pathogenesis of autoimmune diseases not only
for their critical role in producing IL-17; these cells also produce IL-21, which has
been implicated in autoimmune diseases, including SLE, and its mRNA expression
is associated with disease severity (Liu and King, 2013). Th-17 cells produce a wide
range of inflammatory mediators, including IL-22, IL-26, IL6, TNF-α, GM-CSF, and
chemokines (Schinocca et al., 2021). Th-17 cells profoundly express IL-23 receptors,
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thereby conditioning them for IL-23 stimulation, considering that IL-23-induced Th-17
cells are more pathogenic compared with IL-12-induced Th-17 cells (Ouyang et al.,
2008).
Reduced FOX-P3 gene expression in patients is also concordant with the results
of other studies (Miyara et al., 2005; Álvarez-Rodríguez et al., 2019; Yuliasih et
al., 2019). In contrast, other researchers have reported an association between
FOX-P3 and disease manifestations (Miyara et al., 2005). FOX-P3 is a master
controller of T-reg cell gene expression. The suppressive effect of T-reg cells
is mediated by CTLA-4, which is a highly expressed molecule on the surface of
T-regs. It is involved in the suppression of T-reg cells through two mechanisms:
their interaction with CD80/86 co-stimulatory molecules on antigen-presenting
cells (APCs) inhibits their expression. Additionally, CTLA-4 interaction with
CD80/86 induces “indoleamine 2,3 dioxygenase”, which controls the synthesis
of pro-apoptotic metabolites, thereby inhibiting the activation of effector T-cells
(Rowshanravan et al., 2018).
Both TGF-β and T-reg cells may be involved in autoimmunity via a B celldependent pathway. When autoantigens are expressed at low levels, they are
presented by B cells, which produce autoantibodies in addition to various cytokines,
primarily TGF-β, which modulates the conversion of CD4+ T cells to T-reg
(Rowshanravan et al., 2018). It has been found that IL-2 plays a crucial role in
limiting CD8+ T cell activation; however, simultaneously, it shows a potential role in
improving T-reg suppression function through STAT5, highlighting the importance of
IL-2 agonists as therapeutic agents for SLE, mainly because T-regs extensively express
IL-2 receptors (Chinen et al., 2016).
The present study shows molecular evidence for a peripheral Th-17/T-reg
(ROR-γt/FOX-P3) imbalance with no association with disease activity. The role of
effector/regulatory cell imbalance in SLE pathogenicity was first recorded in vivo
and further confirmed by others, from T-reg cells isolated from patients with active
SLE (Lee et al., 2008). In agreement, it was reported that Th-17/T-reg was higher
among patients with SLE with no link to disease activity (Kleczynska et al., 2011).
Another study reported a significantly higher Th-17/T-reg ratio in SLE and in patients
with primary antiphospholipid syndrome (Álvarez-Rodríguez et al., 2019). Other
studies have reported an increase in Th-17/T-reg among patients with SLE; however,
the number of Th-17 cells is still within the normal range, which indicates that the
imbalance is the primary independent driving factor of SLE, and not Th-17 solely
(Kleczynska et al., 2011). A similar study also reported an increase in Th-17/T-regs
in patients with SLE and a significant association with disease activity (Yuliasih et
al., 2019). It has been speculated that these two cell subsets consort and frustrate
each other’s activities to maintain immune homeostasis (Yang et al., 2008). The
ROR-γt/FOX-P3 ratio could be applied as an indicator of the immune balance of
Th-17/T-regs and is anticipated to be an excellent disease target in patients with
SLE. In contrast, TGF-β promotes the generation of T-regs by activating FOX-P3
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expression. An imbalance in these cytokines is reflected in the Th-17/T-regs
(Mitra et al., 2015).
Circulating cytokines (IL-17, TGF-β1, and IL-17/TGF-β1) showed higher sensitivity
and specificity than the peripheral molecular markers (ROR-γt, FOX-P3, and
ROR-γt/FOX-P3), making them more suitable for SLE diagnosis and monitoring.
Patients with SLE demonstrated disturbance in the Th-17 and T-reg axes compared
with controls, with no significant contribution to disease activity. Circulatory cytokine
levels are more valuable than the molecular signatures of immune cell subsets for
SLE diagnosis.
A limitation of the present study is that a larger number of participants should be
analysed, including those receiving various treatment regimens. In addition, more
extensive cytokine, chemokine, and immune cell profiles, such as B-cell profiles,
should be verified to fully recognize the immune mechanisms underlying disease
pathogenesis. Assessment of the cytokine profile at the early onset stage and
follow-up is warranted.
Conclusion
IL-17/Th-17 and TGF-β1/T-regs axes and their balance are skewed during SLE
manifestation; therefore, immune disturbance is substantially implicated in SLE
pathogenicity. Identifying the axes that are abnormal in each patient may pave the
way for a precise therapeutic target, especially among those who do not respond to
conventional therapy.
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Abstract: Stroke is a neurological deficit of cerebrovascular origin that promotes
physical impairments of adult individuals. The present study is aimed to demonstrate
whether hemorrhagic stroke affects the maximum molar bite force. The prospective
study carried in Centro Universitario Claretiano de Batatais, Brazil, determined
the distribution of the sample into two groups: hemorrhagic stroke group (n=18,
median age, 62.5 years) and disease-free group (n=18, median age, 62.0 years), with
10 men and 8 women in each group. Subjects were paired one-to-one (age and body
mass index). The dynamometer was used to measure the maximum molar bite force
(right and left). All analyses were performed with a significance level of 5% (Student’s
t-test). Differences were found on the right (p=0.048) and left (p=0.042) molar bite
force, with lower bite force (both sides) in hemorrhagic stroke group. The study
suggests that hemorrhagic stroke negatively affects the maximum molar bite force
and necessitates changes in food intake to nutritious and softer consistency foods.

This study was supported by the Fundação de Amparo a Pesquisa do Estado de São
Paulo (FAPESP, Brazil), and National Institute and Technology – Translational Medicine
(INCT.TM), São Paulo.
Mailing Address: Prof. Marcelo Palinkas, PhD., School of Dentistry of Ribeirão
Preto, University of São Paulo, Avenida do Café s/n, Bairro Monte Alegre CEP
14040-904, Ribeirão Preto, São Paulo, Brazil; e-mail: palinkas@usp.br
https://doi.org/10.14712/23362936.2022.16
Stroke and Bite Force
© 2022 The Authors. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0).

182)

Prague Medical Report / Vol. 123 (2022) No. 3, p. 181–187

Introduction
Stroke is a pathology of the central nervous system, with important implications on
global health, characterized by sudden neurological changes resulting from vascular
injuries (Markus and Brainin, 2020). It is classified into two subtypes: ischemic, due
to a clot that blocks the flow of blood to the brain, and hemorrhagic, due to the
rupture of a blood vessel leading to hemorrhage (Tsai et al., 2018).
When there is an injury to the central nervous system, contraction and relaxation
of the skeletal striated muscles may be compromised (Ludwig et al., 2020). This
pathology can trigger complications in affected individuals, such as motor deficit,
reduced balance, and changes in muscle strength, also affecting the stomatognathic
system (Umay et al., 2019).
Muscle hypotonia, associated with weakness of all or some reflexes of the human
body, is a characteristic stroke sequel. This hypotonia leads to a progressive and
slow decrease in muscle tone, causing a reduction in strength (Al-Hassnan et al.,
2008). With functional changes in the musculature, the stomatognathic system,
which is an extremely complex system consisting of interdependent static and
dynamic structures, can be affected, impacting the quality of life of individuals with
stroke (Yılmaz et al., 2020).
The masticatory performance of individuals with stroke is compromised due to the
reduced strength of orofacial structures such as tongue, lips and muscles, in addition
to molar bite force even though there is no significant difference between the ipsiand contralesional sides (Schimmel et al., 2017).
This study aimed to determine the maximum molar bite force in individuals
with hemorrhagic stroke in order to understand the functional dynamics of the
stomatognathic system. The null hypothesis of this study was that the hemorrhagic
stroke group would not present changes in relation to the maximum molar bite force
when compared to the disease-free group.
Material and Methods
Study design
All procedures followed this prospective and observational study were in accordance
with the ethical standards of the responsible committee on human experimentation
(School of Dentistry of Ribeirão Preto, University of São Paulo, process
# 92222318.8.0000.5419). The informed consent form was signed by the individuals
selected to participate in the sample.
Post hoc test (α=0.05) was applied to confirm the sample size of the groups.
Sample size calculation indicated that the required number of individuals was 18 for
each group (power of 84% and effect size of 0.68). We used the G* Power program
(Franz Faul, Kiel, Germany) to validate the sample data.
Following the inclusion and exclusion criteria, eighteen individuals (mean age
[SD – standard deviation], 62.5 [3.2] years), out of a total of 40 individuals
evaluated, with hemorrhagic stroke that provided problems in the right side of body,
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Table 1 – Depicting inter group comparison of anthropometric
measurements
Variables

Group

Mean ± std. error

P-value

Body mass index

hemorrhagic stroke
disease-free

27.69 ± 0.91
26.91 ± 0.57

0.477

Age

hemorrhagic stroke
disease-free

62.5 ± 3.2
62.0 ± 3.2

0.923

diagnosed over a period of more than five years by neurologists at the
Centro Universitário Claretiano de Batatais were selected in the case group. The
case and disease-free groups (mean age [SD], 62.0 [3.2] years), with 10 men and 8
women in each group, were paired one-to-one by sex, age, and body mass index
(Table 1).
The inclusion criteria were individuals with all teeth except the third molars,
normal occlusion, and absence of temporomandibular dysfunction according to
the Research Diagnostic Criteria for Temporomandibular Disorders. The exclusion
criteria were completely and partially edentulous patients, those with a complete and
partial prosthesis; diagnosis period of hemorrhagic stroke less than five years; not
undergoing clinical treatment; having ulcerations, wounds, or skin hypersensitivity;
having cognitive problems; and the presence of chronic-degenerative diseases. Five
years of time span were considered because of the available sample, through the
survey.
Individuals with hemorrhagic stroke were staged by modified ranking (Wilson
et al., 2002), being distributed into degrees 2 and 3 of disability. In addition, all the
individuals in the sample presented sensorimotor alterations related to disorders in
the somesthetic and primary motor areas.
Bite force analysis
A digital dynamometer (IDDK, Kratos, Cotia, São Paulo, Brazil) with a force load of
up to 980.66 N determined the maximum molar bite force. The biosafety protocol
was employed for the apparatus using 70% alcohol and latex fingers in rods with
Teflon discs (Waripe, São Paulo).
The measurements were made in the region of the right and left permanent first
molars. The individual positioned his head in a relaxed and erect, way looking into
the horizon, with the Frankfort Horizontal plane kept parallel to the floor. The
individual was asked to bite the device three times, with maximum strength, with
a two-minute interval between each measurement while alternating the side. This
was supervised by a qualified professional (Palinkas et al., 2010; Righetti et al., 2020;
Gomes et al., 2022).
Stroke and Bite Force
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Table 2 – Depicting inter group comparison of maximum molar bite
force
Molar bite force

Group

Mean ± std. error (N)

P-value

Right

hemorrhagic stroke
disease-free

207.9 ± 33.5
310.7 ± 37.3

0.048

Left

hemorrhagic stroke
disease-free

192.4 ± 29.7
313.8 ± 49.2

0.042

Method error
Dahlberg’s formula was used to calculate the error in the study’s methodology
with a sample of ten individuals. The interval between two sessions in a week was
sufficient to determine the maximum molar bite force error, which was 6.68%.
Statistics
The Shapiro-Wilk test was used to determine the normal distribution of the data.
SPSS version 22.0. (SPSS Inc., Chicago, USA) was used to analyse the data obtained
(Student’s t-test, p<0.05).
Results
There was significant difference in the right (p=0.048) and left (p=0.042) maximum
molar bite force, between the hemorrhagic stroke and disease-free groups. The
hemorrhagic stroke group showed had lower maximum molar bite force (both sides)
when compared to the group without the disease (Table 2).
Discussion
The null hypothesis of this study was rejected because there were significant
differences between groups for maximum molar bite force. The human body
undergoes continuous transformations due to extrinsic and intrinsic factors. This
makes it impossible for the motor response to function properly in posture control
and body balance, which in turn causes functional impairments (Feger et al., 2019).
Global assessment has shown that the population is increasingly aging, presenting
commodities with risk factors for stroke; therefore, knowledge regarding the
dynamics of the stomatognathic system and the characteristics of the molar
bite force is important in understanding the functional changes resulting from
hemorrhagic stroke (Ramírez-Moreno et al., 2015).
In the current study, the null hypothesis was not rejected because the disease had
a negative influence on the maximum molar bite force. Individuals with hemorrhagic
stroke had a lower bite force than those in the disease-free control group, showing
the interaction between the brain and muscle strength after brain injury (Rawson
et al., 2018).
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Motor sensory disturbances in the stomatognathic system after a hemorrhagic
stroke affect the masticatory muscles and the head and neck muscles leading to a
decrease in the bite force (Schimmel et al., 2011). When the cells of the nervous
system die as a result of a stroke, the individual loses the skills controlled by the
affected brain area such as body movement (Stinear et al., 2020).
A hypothesis that could explain the reduction in bite strength in individuals
with hemorrhagic stroke would be that the damage and/or injury of the brain
resulting from the disease promotes a functional change in the control of voluntary
movement. This is because the spasticity, characterized by the interruption of
important signals between the nervous system and skeletal striated muscles,
promotes functional imbalance with increased muscle activity and muscle tone
leading to the appearance of recurrent spasms (Gupta et al., 2018).
These clinical signs favor the weakening of the muscular system, including the
muscles used in mastication, triggering a decrease in muscle strength. Literature
shows that the masseter muscle is affected by the generalized spasticity in stroke,
limiting mouth opening due to trismus (Seo et al., 2012). In this study, the sensation
of the resistance of the masticatory muscles or head and neck muscles to passive
stretching in individuals with hemorrhagic stroke was not evaluated.
Other factors that could have influenced the decrease in the bite force of
individuals with hemorrhagic stroke in this study could be the loss of muscle tone
and decreased aerobic capacity, which can increase energy expenditure in daily
activities, reducing body strength (Stinear et al., 2020).
Dorsch et al. (2016) evaluated the strength of the lower limbs in individuals with
stroke and found a reduction of 48% in strength when compared to that in the
disease-free group. The findings of this study demonstrated a reduction in the bite
force in the hemorrhagic stroke group. Further, when we transformed the results
into percentage data, we observed that the hemorrhagic stroke group experienced a
66.7% reduction in the maximum molar bite force on the right side and 62.3% on the
left side when compared to the disease-free group.
Authors report that any disharmony, such as those occurring in the muscle tone in
individuals with stroke, may have a negative impact on the dynamics, function, and
strength of the human body, resulting in the reduced performance of the skeletal
striated muscle, which is responsible for these dynamics (Bovonsunthonchai et al.,
2011).
Therefore, the factors reported also have a direct link with poor posture. Often,
positioning the head and neck forward affects the functionality of the stomatognathic
system structures, especially mandibular movement that involves combined action of
the musculature of the neck and cervical spine (Zafar et al., 2000).
Poor posture of the head and neck promotes muscle fatigue because it stimulates
the fascia muscle fibers (rapid contraction) that are used for movement, strength,
and activity instead of the static muscle fibers that maintain body position (Moccia
et al., 2016).
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Over time, poor posture causes weakening of the deeper muscles due to lack of
use, impairing the functional capacity of the cranio-cervical system. This hypothesis
should help clarify the reduction in maximum molar bite force in the group with
hemorrhagic stroke. In this study, the postural condition of individuals with
hemorrhagic stroke was not assessed.
One of the biggest problems for stroke patients is the difficulty in feeding and
swallowing (Nakamori et al., 2021), which can lead to changes in food choices,
leading patients to malnutrition. This study proves that even a few years after the
hemorrhagic stroke, the stomatognathic system, especially the maximum molar bite
force, is still functionally compromised, which is an important clinical report for the
knowledge of physicians, nutritionists and speech therapists who work with these
patients, seeking an adequate power diet, providing a better nutritional status and
quality of life for patients.
Although there are some limitations to this study, such as the inability to evaluate
the sensation of resistance of the muscles to passive stretching and the postural
position of the head showing a possible increase in muscle tone, a functional change
in the stomatognathic system was demonstrated using the maximum molar bite force
in the hemorrhagic stroke group.
Conclusion
The results suggest that individuals with hemorrhagic stroke may show a decrease
in the maximum molar bite force. Therefore, this study provides basis for future
research to improve the function of the stomatognathic system in individuals with
hemorrhagic stroke, in addition to confirming our results. Further, there is a need to
assess changes in the pattern of food intake, with selection of nutritious and softer
consistency foods in such individuals.
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Abstract: Coronavirus disease 2019 (COVID-19) has developed as a pandemic
and has caused millions of deaths worldwide. Multiple studies have implicated
anosmia and ageusia as symptoms associated with COVID-19. In this case report
we present the cases who suffer from phantosmia after COVID-19 infection. As
the prevalence of the virus increases, the symptomatology profile continues to be
updated. More studies are needed to better understand this disease.
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Introduction
The 2019 coronavirus disease outbreak (COVID-19) originated in Wuhan, China,
and quickly became a global pandemic. COVID-19, also known as coronavirus
2 of acute respiratory syndrome (SARS-CoV-2), infected 116,874,912 people
worldwide by March 2021 and caused 2,597,381 deaths. The disease is mainly
transmitted through the upper respiratory tract by inhalation of droplets. Patients
with COVID-19 may experience cough, shortness of breath, fever, chills, myalgia,
headache, new loss of taste or smell, nasal congestion and runny nose, vomiting
and diarrhoea. These symptoms can range from mild to severe (Neto et al.,
2021).
In May 2020, the Ear, Nose, and Throat Societies warned physicians about olfactory
and gustatory disorders that occur before common symptoms develop. Odour and
taste disturbances are not uncommon in viral upper respiratory tract infections. They
are observed in more than 30% of patients (Dalton, 2004). Some studies have shown
that COVID-19 may have an interest or tropism for certain olfactory sensors (BeltránCorbellini et al., 2020; Hopkins et al., 2020). The frequency of olfactory and gustatory
disturbances ranged from 11 to 86% in COVID-19 positive patients (Lechien et al.,
2020; Mao et al., 2020). It usually lasts for a period of 7 to 14 days, in most cases after
two weeks (Klopfenstein et al., 2020; Yan et al., 2020). Parosmia is a disorder of the
sense of smell. Phantosmia is a term for olfactory hallucinations or ghostly odours
that occur in the absence of any odour. We presented two cases of phantosmia after
recovery from COVID-19 infection.
Case 1
A 30-year-old female patient presented with one week of phantosmia and
described a persistent cigarette tobacco odour. She did not smoke and there
were no smokers in her family. She had an COVID-19 infection two months ago.
She had no nasal obstruction or rhinitis, and no abnormalities were noted in her
nasal or nasopharyngeal mucosa on medical examination. Complete blood count
and biochemistry tests were normal. The patient underwent magnetic resonance
imaging (MRI) of the brain, with and without contrast, to measure the volume
of the olfactory bulb (OBV). Images were acquired with 1.5T MRI with a cranial
coil (Philips Ingenia 1.5T, Eindhoven, The Netherlands). T2-weighted images in
the coronal plane were obtained as a 1 mm notch at 5 mm slice thickness. The
repetition time/time echo was 4833/100 (milliseconds/milliseconds), field of
view was 220×183 mm and matrix was 356×209 mm. 22 coronal sections were
acquired. Standard OBV measurements were obtained from coronal T2-weighted
images. The volumes of the olfactory bulb were 64 mm3 (left) and 65 mm3
(right). These values were accepted as normal based on the limits in the study by
Buschhüter et al. (2008). There is no abnormal signal intensity on T2 and FLAIR
(fluid-attenuated inversion recovery) images at the primary olfactory cortex and
visualized olfactory pathways.
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Case 2
A 26-year-old female patient presented with one week of phantosmia and described
a persistent odour of burnt plastic. She had an COVID-19 infection two months ago.
Her otolaryngologic examination was normal except for septal deviation. She has a
history of allergic rhinitis and urticaria. Routine laboratory tests were normal limits.
SARS-CoV-2 IgM was 1.25 (reference range: 0–0.99) and SARS-CoV-2 IgG was 3.28
(reference range: 0–1.4). This patient underwent MRI like the other patient and was
examined by the same radiologist. The volumes of the olfactory bulb were 70 mm3
(left) and 68 mm3 (right).
Oxymetazoline hydrochloride nasal spray for 5 days and daily saline nasal irrigation
were recommended for both patients. The complaint of the first patient disappeared
4 weeks after admission to the hospital, but the resolution of the second patient’s
complaint took 12 weeks.
Discussion
Many studies have shown that acute anosmia and ageusia seem to be among the
important symptoms and signs for the diagnosis of COVID-19 infection, especially
in the early stage of the disease (Lee et al., 2020). Initially, mechanical obstruction
due to overproduction of mucus during active infection was thought to be the cause
of anosmia. But patients suffering from persistent anosmia with normal acoustic
rhinometry after infection suggest a different pathophysiology leading to more
permanent damage (Netland et al., 2008).
Viral damage to the olfactory epithelium causes acute onset anosmia or ageusia.
Viruses such as influenza A, parainfluenza, herpes viruses, adenoviruses, polioviruses,
rabies viruses, and Japanese encephalitis reach the central nervous system via the
olfactory nerve (Netland et al., 2008). Studies from the 1960s have shown us that
coronaviruses are neuroinvasive and neurotropic. In mouse models, SARS-CoV showed
transneuronal access through the olfactory bulb in mice after intranasal inoculation
(Netland et al., 2008). Recent studies demonstrated that ACE2 and TMPRSS2 are critical
for SARS-CoV and SARS-CoV-2 entry into host cells (Dong et al., 2020). In addition, a
recent study has shown that ACE2 and TMPRSS2 are found in nasal respiratory tissue,
olfactory neuroepithelium, central nervous system and lymphoid tissues (Fodoulian et
al., 2020). This information supports the occurrence of neurologic symptoms such as
headache, nausea, and vomiting in some patients with COVID-19.
Phantom odour perception is an olfactory disorder in which people perceive an odour
in the absence of a stimulus. While perceived odours vary from person to person, they
are usually described as burnt bread, metallic or chemical odours.
Phantosmia has been documented in various conditions such as chronic rhinosinusitis,
viral upper respiratory tract infections, intracranial hemorrhage, tumours, epilepsy,
psychiatric disorders, Parkinson’s disease, radiation therapy, and head trauma. In most
cases, however, phantosmia has no identifiable origin and is diagnosed as idiopathic
phantosmia (Morosanu et al., 2020). The cause of phantosmia is not fully understood.
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The phantom sense of smell may be caused by a neuronal signal imbalance that causes
non-sensory olfactory signals to achieve the central nervous system. The sense of smell
may arise from the peripheral nervous system at the level of olfactory sensory neurons
or may arise from the central brain. Also it may be due to damage to the olfactory nerve
(Patel and Pinto, 2014). Many viruses can cause parosmia and phantosmia, either as part
of the first deficit or when the nerves make abnormal connections as they try to heal.
Based on this information, we can say that COVID-19 virus causes olfactory phantosmia
with a mechanism similar to other viruses.
Diagnostic work-up should start a standard head and neck examination. Nasal
endoscopy is indicated to examine the olfactory pathways in the nose. A dental
examination should be included for the oral diseases that may produce a foul odour. At
the same time, magnetic resonance imaging should be the modality of choice to rule out
neoplasm, cerebrovascular or sinus disease and malignancies.
MRI is of great importance in demonstrating olfactory bulb abnormalities in patients
with olfactory dysfunction after trauma and upper respiratory tract infection. Findings
may indicate that olfactory deficiency both after trauma and after upper respiratory
tract infection causes decreased sensory input in olfactory bulbs, leading to structural
changes at the bulbus level and formation of parosmia. As correlational analyses show,
olfactory bulb volumes decrease in parallel with olfactory function. Therefore, damage to
peripheral olfactory structures was associated with the presence of olfactory dysfunction
and reduced olfactory bulb volumes (Cummings et al., 1997). Therefore, we looked at
the changes in olfactory bulb volume in our patients with MRI, but we could not find a
significant change.
The treatment of phantosmia can be divided into medical treatment and surgical
methods, and treatment is determined by the underlying cause, which is usually
determined by the diagnostic workup.
Our article has several limitations. First, only two cases were presented in this study.
Second, a formal quantitative chemosensory test was lacking. The olfactory problem is not
precisely diagnosed neither by objective (olfactometry, rhinomanometry) nor by subjective
examination (sniffing test). We performed only MRI examination for rolling out the other
pathologies. We diagnosed phantosmia based on the patients’ medical history. Phantosmia
related with COVID-19 is an interesting topic that could be explored in further studies.
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Abstract: Dermoid cyst of the parotid gland is a lesion composed of benign tissues
of ectodermal and mesodermal origin. Although a dermoid cyst can be encountered
across nearly all sites of the body, its location in the head and neck area is quite
uncommon and even more unusual inside the parotid gland. We present a case of
a patient with gradually enlarging tumour in her right parotid gland who underwent
surgical removal of the tumour histologically corresponding to a dermoid cyst.
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Introduction
Dermoid cyst inside the parotid gland is a rare finding with only a few cases reported
(Moody et al., 1998; Naujoks et al., 2007; Islam and Hoffman, 2009; Tas et al., 2010;
Gonzalez-Perez and Crespo-Torres, 2013; Damar et al., 2015; Glaas et al., 2017;
Dwivedi et al., 2019; Yang, et al., 2020). This benign lesion comprises of epidermal
and dermal elements entrapped ectopically in deeper tissues. It typically manifests as
a painless tumour that generally poses a problem only due to its enlarging volume. In
the management of patients with dermoid cysts, multiple diagnostic approaches are
available, such as ultrasonography, computed tomography and magnetic resonance
imaging (USG, CT, MRI) (Morón et al., 2004; Sabhalok et al., 2016). The curative
method is surgical removal of the cyst. We present a case of a woman who was
treated by right extracapsular dissection of the parotid gland with a brief discussion
on the management of patients with this condition.
Material and Methods
A 40-year-old female noticed a gradually enlarging tumour in the area of her right
parotid gland in the course of 2 months. She has never had trauma, nor underwent
any surgical procedure in the area of head or neck, had no fever, other swellings,
salivatory or neurological disorders. The patient had a medical history of subclinical
hypothyroidism in Hashimoto thyreoiditis and chronic venous disease of lower
extremities, without any prescribed medication.
On palpation, there was a soft, painless, sharply demarcated tumour of 4×2 cm
in the caudal part of the right parotideomasseteric region, without pathological
changes on the overlying skin. On USG examination, a slightly lobed, hypoechogenic,
homogenous, intraparotid formation with dimensions up to 5×2.5 cm was detected,

Figure 1 – Coronal magnetic resonance
imaging view of the lesion in T1.
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Figure 2 – Axial magnetic resonance
imaging view of the lesion in T2.

without obvious signs of vascularization. Additionally, there was a single enlarged
lymph node underneath the right parotid gland. Other visualized lymph nodes
were of normal size. The thyroid gland was of normal size, without conspicuous
pathological findings. The patient had an MRI scan which showed an oval, slightly
irregular, T1 hypointense and T2 hyperintense structure of a relatively homogenous
signal in the central part of the right parotid gland (Figures 1 and 2), with size of
26×25×40 mm, sharply demarcated from the surrounding tissues. In the caudal
part ventrally, there was a small zone of hyperintensity. Other salivary glands were
without significant findings.
Results
The patient underwent surgery under general anesthesia – right extracapsular
dissection of the parotid gland, level II. The tumour was of semi-soft consistency,
on cut section with a thin capsule and pale yellow, soft, dough-like content
(Figures 3 and 4). On histology, the cyst was embedded in fat tissue of the parotid
gland, its capsule was composed of connective tissue with sparse to moderate
lymphocytic infiltrate and scarce capillaries. The lumen was lined by regular, focally
atrophic squamous epithelium with keratinization on the luminal side and with
numerous sebaceous glands inside the epithelial layer (Figure 5), with keratin-like
material inside the lumen of the cyst, which is consistent with the diagnosis of a
dermoid cyst.
After the surgery, the patient had mild transient signs of weakness of muscles
innervated by ramus marginalis mandibulae of the facial nerve. Otherwise, the
postoperative period was uneventful.
A Dermoid Cyst in the Parotid Gland
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Figure 3 – The intact dermoid cyst postoperatively.

Figure 4 – The dermoid cyst cut in the longitudinal
axis.

Figure 5 – Histological findings of a cyst in glandula parotis (*) lined with regular squamous epithelium, focally
atrophic (insertion), elsewhere with sebaceous differentiation (arrow) and subepithelial lymphocytic infiltration
(star). Sebaceous gland differentiation shows positivity of epithelial membrane antigen (EMA), androgen receptor
(AR) and partially p63; cytokeratin 7 (CK7) is not expressed. Hematoxylin and eosin (HE); immunoperoxidase,
diaminobenzidine, 100×.

Discussion
Dermoid cyst is a benign lesion that can occur in virtually any part of the body
with adjacency to the skin. These cysts are composed of cells of ectodermal and
mesodermal origin that are entrapped in deeper tissues either during the embryonic
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or fetal development (congenital cysts), or in postnatal life (acquired cysts). In the
parotid gland, they are believed to form due to either entrapment of cells during
closure of embryonic branchial arches, or as a result of impacted epidermal and
dermal cells into deeper layers of tissues. When fully developed, they contain
squamous cells, often with keratin, and dermal structures such as hair follicles,
sebaceous or sweat glands. The distribution of occurrence across the body is diverse
with only approximately 7% of them being reported in the head and neck region
(Sabhalok et al., 2016). The frequency of incidence in the head and neck area is
49.5% in the orbit, 23% in submental and submaxillar region, 12.6% in the nose and
14.6% in other locations (Yigit et al., 2015). However, the presence of a dermoid
cyst in the parotid gland is uncommon, with only several cases published in the
literature (Shakeel et al., 2014; Yigit et al., 2015; Glaas et al., 2017; Dwivedi et al.,
2019; Yang et al., 2020).
In the process of diagnostics, there are several modalities that can be used in
order to ensure the correct management of the patient. Ultrasonography is the
most accessible, cheap and non-invasive method and is mainly used in distinguishing
between solid and cystic lesions and evaluation of the presence of blood vessels.
Both CT and MRI can visualize the content of the cyst and are used to give a
complex detailed overview of the terrain of the lesion. The CT attenuation
varies depending on the composition of the content of the cyst, typically showing
fat attenuation in the dermoid cysts. On MRI, the dermoid cyst content shows
hypointensity on T1-weighted images and hyperintensity on T2-weighted images, and
hence these cysts can be misdiagnosed as a lipoma (Morón et al., 2004; Dwivedi et
al., 2019). Another approach is the use of fine-needle aspiration cytology (FNAC),
although its results can be deceptive and opinions on its use are controversial. In
context with all other diagnostic methods, it can provide helpful information leading
towards the correct diagnosis (Baschinsky et al., 1999). Commonly the aspirated
material contains keratin, squamous cells and occasionally hair (presence of which
discerns it from epidermoid cyst on FNAC).
Despite their crucial importance in the process of diagnostics, none of the
mentioned methods can identify a dermoid cyst with absolute certainty, as all
mentioned structures and appearances can be seen in other types of teratomas
and even in malignant tumours, such as well differentiated squamous cell carcinoma
and carcinomas with squamous metaplasia (Yigit et al., 2015). Thus, the definitive
diagnosis should always be made by histopathological examination of the resected
specimen.
For the surgery, the recommended approach is partial or total parotidectomy with
complete resection of the cyst, with sparing of nerves where possible. In the case
of an incomplete resection, there is a high chance of recurrence of the cyst. From
all the reported cases of dermoid cysts inside a parotid gland, only a few (Damar et
al., 2015; Dwivedi et al., 2019; Yang et al., 2020) were treated by isolated excision of
the cyst, in the rest of the cases either partial or total parotidectomy was performed
A Dermoid Cyst in the Parotid Gland
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(Yigit et al., 2015; Glaas et al., 2017; Yang et al., 2020). In this case, the patient was
treated by right extracapsular dissection of the parotid gland, level II.
Conclusion
Despite the paucity of reported cases, the diagnostics of dermoid cyst of the parotid
gland has been well established, with all modalities bringing valuable information
for the surgical plan. All authors of the articles regarding the dermoid cysts of the
parotid gland agree on the importance of the final histopathological examination of
the resected specimen in order to provide the correct diagnosis.
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Abstract: Angiomyolipomas (AMLs) are mesenchymal tumours derived from
perivascular epithelioid cells. Although AMLs are generally known as benign and
extremely rare epithelioid variants of AML, they may be potentially aggressive. Here
we present an adrenal epithelioid AML and the literature review. A 64-year-old
female patient was diagnosed with a left adrenal mass detected incidentally on
ultrasonography. Preoperative abdominal CT (computed tomography) showed a
95×68 mm heterogeneous contrast enhancement mass lesion in the left adrenal
gland. The lesion was hormone inactive in the endocrinological evaluation, and left
laparoscopic adrenalectomy was performed. The patient was discharged on the
2nd postoperative day. Pathology was reported as epithelioid subtype AML. The
patient has no local recurrence or metastasis in the 18-month follow-up period and
imaging. Adrenal epithelioid AML is an extremely rare and potentially aggressive
variant. According to the literature, open or laparoscopic adrenalectomy seems to
be suitable option for disease management.
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Introduction
Angiomyolipomas (AMLs) are benign mesenchymal tumours which originate from
perivascular epithelioid cells with the substance of mature fat cells, blood vessels,
and smooth muscle cells. General prevalence is 4–5/1000 and female to male ratio
is approximately 1.5. AMLs are most commonly found in the kidney (Aydin et al.,
2009; Li et al., 2015). Extrarenally located AMLs are rare in the literature. To our
knowledge, 28 cases of adrenal AML have been reported in the literature up to
date. With the present report, 5 were reported as epithelioid angiomyolipoma
(eAML). While they are usually diagnosed on incidental imaging, larger AMLs may
cause bleeding and pain. The growth rate of AMLs is slow, and the probability of
morbidity is very low.
Epithelioid subtype AMLs are distinguished from other AMLs by their
potential to display malignant character. In this extremely rare variant of AML,
immunoreactivity for myelocytic markers such as human melanoma black 45
(HMB-45), predominance of epithelioid cells, and absence of mature adipocytes
are characteristic diagnostic features (Konosu-Fukaya et al., 2014). The renal eAML
has limited clinical data in the literature. Likewise adrenal localized eAML is very
rare. In this manuscript, we report a case with adrenal eAML who was successfully
treated with surgical resection and English-language literature reviewed by scanning
the publications up to date. This report has been prepared in accordance with the
current CARE checklist.
Case report
A 64-year-old female patient was admitted to our clinic due to microscopic
hematuria. Patient had no family history of malignancy, no smoking or alcohol
addiction. She had a history of hysterectomy due to premalignant cervical lesion
and previous subtotal thyroidectomy. The patient was on regular medical therapy
due to the diagnosis of hypertension and hypothyroidism and had no other
chronic diseases. An incidental left adrenal mass was detected on urinary system
ultrasonography. Preoperative contrast-enhanced abdominal CT (computed
tomography) showed a 95×68 mm heterogeneous, spherical-shaped mass lesion
in the left adrenal gland with smooth borders. The Hounsfield unit (HU) of the
lesion was measured as 66 ± 12 to 79 ± 9 on non-contrast and contrast sections
respectively (Figure 1). Furthermore, there was a second lesion with a diameter
of 14 mm compatible with AML in the right kidney posterior middle zone. During
physical examination, there was no finding other than the scar of the hysterectomy
in the pelvis. The lesion was hormone inactive in the endocrinological evaluation,
and left laparoscopic adrenalectomy was performed. There were no postoperative
complications. The patient was discharged on the 2nd postoperative day. Gross
examination revealed a grey-orange 8.5 cm diameter solid lesion with hemorrhagic
foci reaching 1 cm in some areas and including adipose adrenal tissue with the largest
diameter of 2 cm (Figure 2). In the microscopic examination, vimentin, calretinin,
Cicek M.; Kazan H. O.; Atis R. G.; Yildirim A.
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Figure 1 – Axial and sagittal computed tomography section of 95×68 mm heterogeneous,
spherical-shaped mass lesion in the left adrenal gland with smooth borders.

Figure 2 – Macroscopic aspect
of the adrenalectomy specimen.
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and Melan A were positive, and the findings were evaluated in favour of epithelioid
angiomyolipoma. No histomorphological risk factor was observed in favour of an
aggressive clinical course, except for the large diameter of the lesion. There was
no local recurrence or metastasis in the 18-month follow-up period and imaging.
Preoperatively diagnosed 14 mm AML in the right kidney persisted.
Discussion
We reported a rare case of epithelioid AML of adrenal gland. The PubMed,
Medline, Web of Science databases were searched for case reports and case series
of adrenal angiomyolipoma published in English language between January 1, 1980,
and December 31, 2021. The following key words were used: (Adrenal Glands
or Adrenal Gland or Gland Adrenal or Glands Adrenal) and (Angiomyolipoma or
Angiomyolipomas or epithelioid angiomyolipoma).
The most common extrarenal site for angiomyolipomas is the liver. AML also
may be encountered in retroperitoneum, adrenal, breast, genital tract, pancreas,
colon, and several other locations (Lam and Lo, 2001; Godara et al., 2007).
According to our literature search, 28 cases have been reported for adrenal
localized AML with the presented case. Only 5 of these cases are eAML (Table 1).
AML is more common in the 5th decade and approximately two times more
often diagnosed in women. In this present report the mean age of diagnosis of
adrenal AML is 47 and female to male ratio is 4:3. It is known that the frequency
of AML increases in hereditary diseases such as tuberous sclerosis (TSC) and
lymphangiomyomatosis. Tuberous sclerosis has been reported in approximately 20%
of patients in recent AML case series (Aydin et al., 2009). Three of the patients
with adrenal AML reported in this review had a history of TSC (11%). Sporadic
lymphangioleiomyomatosis was reported in 1 patient. Two of 5 patients with eAML
have a history of TSC. Although the limited case number restricts for consequences,
history of TSC may be related with increased risk of epithelioid subtype likelihood
on adrenal AMLs.
Urgent surgical procedures may be required due to bleeding, which can result in
organ loss or mortality (D’Antonio et al., 2009). D’Antonio et al. (2009) reported
a case of adrenal eAML with kidney loss resulting in hemorrhagic shock due to
spontaneous retroperitoneal hemorrhage. The most important risk factor associated
with bleeding is the size of the lesion. Patients who have large AMLs with increased
bleeding risk and are not suitable for surgical intervention or unwilling to undergo
surgical intervention, selective arterial embolization is an eligible option. Antar et
al. (2017) reported an unsuccessful attempt for selective arterial embolization in
a case of adrenal AML, with the thought that the lesion might originate from the
kidney. Then, they reported that the adrenalectomy procedure was performed.
Our literature search revealed that the data related to the successful use of
selective arterial embolization in adrenal localized AML does not exist. The use
of mTOR (mammalian target of rapamycin) inhibitors in large or symptomatic
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AMLs is spreading in recent years especially in patients who have TSC. There is no
information in the literature regarding its use in adrenal localized AMLs.
Classical fat-predominant AMLs may be detected by the typical diagnostic features
of the fat density on imaging. Negative HU measurement in non-contrast CT
imaging gives an important clue for diagnosis. In eAML located in the kidney, the
decision to surgery is usually taken with the preliminary diagnosis of RCC (renal
cell carcinoma). It seems difficult to diagnose with the typical imaging finding for
eAML in preoperative imaging. For the adrenal eAMLs reported in this review, the
mean diameter on preoperative imaging was calculated as 11.8 cm (6–20 cm). Only
D’Antonio et al. (2009) defined a lesion with significant fat density on preoperative
CT. In other eAML cases, the presence of an area of fat density was not reported
on imaging. Surgery indications are usually made by the suspicion of adrenocortical
carcinoma (D’Antonio et al., 2009; Komarowska et al., 2015; Valeshabad et al., 2019;
Torres Luna et al., 2020).
In pathological classification, AMLs are evaluated within the group of perivascular
epithelioid cell (PEComa) tumours. Angiomyolipomas, clear cell “sugar” tumour
(CCST), pulmonary lymphangioleiomyomatosis, clear cell myomelanocytic tumour
of the falciform ligament, and rare clear cell tumours of other anatomical regions
are included in this group. In the WHO (World Health Organization) 2002
classification, PEComa was defined as “a mesenchymal tumour composed of
histologically and immuno-histochemically distinctive perivascular epithelioid cells”.
In epithelioid AML, the lesion is microscopically composed of pure or dominant
large epithelioid cells. These cells are characterized by large hyperchromatic nuclei
with a clear or eosinophilic cytoplasm. Varying degrees of nuclear atypia may
be observed. The size of the lesion, growth pattern, nuclear grade determined
by microscopic examination, mitotic activity, necrosis and vascular invasion are
poor prognostic indicators. In our case, only increased size of lesion existed as a
poor prognostic factor. Myelocytic marker positivity in epithelioid cells is one of
the characteristic features for diagnosis. Desmin and smooth muscle actin (SMA)
positivity were other immunohistochemical markers indicating the presence of
smooth muscle components in the tissue.
The data on prognosis and malignancy potential in eAML are controversial in the
literature due to limited number of the cases. In general, an aggressive course has
been reported in approximately one third of the cases. However, Aydin et al. (2009)
reported no recurrence or metastasis in a large case series of 15 patients with renal
eAML and an overall follow-up time of 5.1 years. Since the literature data usually
consists of case reports of a single or several patients, the authors’ tendency to
report tumours with an aggressive course may overestimate the potential for an
aggressive course (Aydin et al., 2009). Aggressive course and local recurrence were
reported in 1 of 5 eAML cases reviewed in this report. However, except for our
case, the postoperative follow-up period was not longer than 1 year in any of the
4 cases presented.
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In conclusion, adrenal epithelioid AML is an extremely rare and potentially
aggressive variant. According to the literature, open or laparoscopic adrenalectomy
seems to be suitable options for disease management. There is insufficient data on
arterial embolization and the use of mTOR inhibitors in case of adrenal AML.
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