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ABSTRACT

Objective: Probiotics are products that contain microorganisms capable of supporting
symbiotic relations with native microbiota of many environments. They are widely used
and studied due to their capacity to improve biological systems’ overall health. Many
hypothesis exist surrounding the mechanisms by which every microbe labelled as
probiotic is the cause by which system health is enhanced by its presence. The aim of this
review was to compile article’s data concerning the role of different combinations of
probiotics used to treat and prevent gastrointestinal conditions, such as antibiotic-
associated diarrhea, pseudomembranous colitis, Helicobacter pylori infections, oral,
pharyngeal and Salmonella infections. In general, other than presenting excellent safety
records, several probiotic combinations registered in clinical trials could prove themselves
capable of significantly preventing those infections and some proved to be capable to also
treat them once established. The main challenge among the infections studies seems to be
oral cavity infections, probably due to microbiota complexity. Nevertheless, probiotics
seem to have good prospect for playing a major preventive and protective role in
gastrointestinal infections with further investigation to gather sufficient evidence to base
treatment protocols.

Keywords: Probiotics; Gastrointestinal Diseases; Clinical Protocols, review

INTRODUCTION

The definition of probiotics was first produced in 1965 by Lilly and Stillwell (1) as
bacteria who could increase other bacteria proliferation within biological systems, since
then, they have had their definition and usage broadly expanded. Currently updated by
Hill et al. in 2014, the meaning of probiotics is now fit to describe microorganisms that
can improve the health of a system when ingested insufficient amounts (2).

Therefore, such definition is intended to include their effects on many human systems
concerning medical sciences, mainly by impacting the resident microbiota, intestinal
epithelium cells, the immune system, and cell-mediated response to infection and stress.

The most studied species include Lactobacillus, Bifidobacterium, and Saccharomyces (3),
but even prior to the first steps investigating probiotics’ potential, bacteria described as
probiotic have been empirically added to dietary supplementation and foods due to the
potential beneficial effects their action could produce for human health, and naturally
clinical trials have been extensively conducted to measure and improve probiotic
consumption and selection (4). Further than that, many studies nowadays have provided
evidence to support probiotics’ use as treatment and prophylaxis of a large array of
infections, such as those produced by Helicobacter pylori, Clostridium difficile on the
gastrointestinal tract, Streptococcus mutans on caries and periodontitis, many upper and
lower respiratory tract infections, inflammatory bowel disease and diarrhea microbes, as
well as other diseases.

Not only typical presentation cases management have shown to be improved by probiotics
use, but also multi-drug resistant bacteria infections could potentially be considered for
probiotics use, amplifying their relevance since those are universally important public
health issues.
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The major role probiotics could play, if proven to be
effective, is to decrease antibiotic use, which has the
catastrophic side-effect of microbial resistance development,
other than being a cause of many gastrointestinal conditions
themselves, such as very common cases of antibiotic-
associated diarrhea (AAB). Mitigating the burdens of diseases
and antibiotic use could improve health care morbidity,
mortality and cost worldwide (5).

Further on, the interest on probiotics is also inspired by high
safety standards extensively recorded on literature (6) (7),
even on immunocompromised HIV patients (8) and children

(9).

We present this article as an endeavor to produce an updated
compilation of current literature concerning probiotic use on
several infections and its comparison to traditional antibiotic
treatment on terms of prophylactic and treatment
effectiveness, safety, and outcomes on gastrointestinal
infections.

MATERIAL and METHODS

The present review focused research on well-oriented clinical
trials concerning probiotic use on AAD, Clostridium difficile
infection (CDI), Helicobacter pylori infection, Streptococcus
mutans oral infections, Streptococcus and Bacilli pharyngeal
infections and Salmonella infection.

Article research was conducted on PubMed, Scielo, Science
Direct and Medline bases. The following key-words were
used: "probiotics", "treatment", “prevention", “Clostridium
difficile infection”, “Helicobacter pylori”, “Salmonella”,
“oral infection”, “microbiota”, “pharynx infection”,
“antibiotic" as well as its equivalents in Portuguese. Boxes
"AND" and "OR" were selected when they were present.

Enters and records identified in the electronic data banks were
exported to the platform Rayaan, used in selection. Studies
were initially filtered by title and abstract independently and
those selected on a first filtration were evaluated regarding
eligibility and inclusion in this review by full-text analysis.

Articles of opinion and isolated case reports were the only
automatic exclusion criteria for article analysis, and no case
complications were considered as to differ among infection
presentations. Articles were also not excluded based on
language, date or place of conduction.

RESULTS

1. Probiatics use on Antibiotic-associated diarrhea (AAD)

AAD is a common and undesirable adverse effect of
antibiotic treatment and can present itself disregarding
previous patient conditions. It occurs in as many as 30% of
patients (10) and is characterized by disruption of gut
microbiota, decreased intestinal short-chain fatty acid (SCFA)
concentrations, accumulation of luminal carbohydrates and
colonic bile acids, altered water absorption, and ultimately
diarrhea (11).

Several articles evaluated probiotic treatment in children
since they are particularly at risk with the incidence of AAD
being as high as 35% (12), and all conclusive ones suggested
probiotics to be effective in preventing and treating AAD,
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despite previous theoretical conjectures which suggested that
probiotic treatment was a logical flaw on AAD (13).

Compiling thirty-three studies with more than 6300 patients
ranging from O to 18 years-old, organized in random groups
for probiotic treatment, placebo, and no treatment at all it was
recorded precise benefit for probiotics. Diarrhea incidence
after five days to 12 weeks of follow-up was shown to be 8%
in the probiotic group, in comparison to 19% in the control
group (risk ratio RR 0.45, 95% confidence interval Cl 0.36 to
0.56; 12 = 57%, 6352 participants; 95% CI 7 to 13). Low dose
studies (< 5 billion CFUs per day) showed that the incidence
of AAD in the probiotic group was 8% compared to 23% in
the control group (4038 participants; RR 0.37; 95% CI1 0.30 to
0.46; P = 0.06) and high dose studies (> 5 billion CFUs per
day) recorded incidence rates of 13% in the probiotic group
compared to 23% in control group (4425 participants; RR
0.54; 95% CI 0.42 to 0.70; P <0.00001; 12 = 68%) (14). The
results suggested the effectiveness of treatment to be dose-
dependent.

Comparing safety among 24 of those trials (4415 participants)
which reported on adverse events, serious adverse events
none reported attributable to probiotics.

Although also insensitive due to numerous subgroups
consideration, another compilation of 82 randomized trials
showed statistically significant AAD reduction results by
associating probiotics to antibiotic treatment (relative risk,
0.58; 95% CI, 0.50 to 0.68; P < .001; 1(2), 54%) (15).

On the strands used, Lactobacillus rhamnosus GG (LGG) had
the better record of effectiveness and tolerability on
prevention of AAD, and even though Clostridium difficile is
broadly known to cause around 20% of AAD as an
opportunistic  pathogen (16), it is better analyzed
independently since a 2018 article reported that Lactobacillus
casei was considered as presenting better efficacy and
moderately better tolerance for its infections (17). Another
strong recommendation strand is claimed to be
Saccharomyces boulardii, although evidence is still lacking
and current results are still behind LGG (18).

A double-blind randomized study conducted in Australia also
confirmed LGG effectiveness combined with Bifidobacterium
lactis (Bb-12) and Lactobacillus acidophilus (La-5). Children
were given 200g/day probiotic yogurt versus pasteurized
yogurt as placebo, with a narrower population consisting of
72 children of which 70 completed treatment, no severe
diarrhea (stool consistency >6, >3 stools/day for >2
consecutive days) episodes were reported in probiotic group
while six presented in placebo, and only one minor diarrhea
(stool consistency >5, >2 stools/day for >2 days) episode was
presented in probiotic group compared to 21 in placebo (19).

2. Probiotics use in Clostridium difficile infection (CDI)

The usual Clostridium difficile  infection  causes
pseudomembranous colitis, and it is also the leading
opportunistic pathogen to cause AAD. Disruption of
gastrointestinal microbiota is the most evidence-based
infection etiology, since normal conditions usually suffice for
preventing Clostridium infection (20).

A recent consensus guidelines published by the British
Society of Gastroenterology did mention probiotics as
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relatively effective treatment to CDI, although it suggested
that its use should be restricted to very uncommon scenarios
and never as first line treatment or prophylaxis, opposing
antibiotics, claiming evidence was lacking (21). Nevertheless,
several articles were then conducted, including a Cochrane
database article, indicating that guidelines should be revised,
since probiotics have the highest quality evidence among
cited prophylactic therapies (22).

In order to base this claim, the study compiled thirty-nine
studies, concluding that probiotic prophylaxis should reduce
the risk of C. difficile-associated diarrhea by 60%. The
incidence of presentations was 1.5% in the probiotic group
and 4.0% in the control (RR 0.40, 95% CI 0.30 to 0.52),
which was considered to be statistically significant, even
though it noted the heterogeneity of results when pooled.

Even prior to the guideline’s publication, many articles
suggested reasonable evidence that probiotics could indeed
prevent CDI in many cases. New mechanisms were even
discovered, suggesting probiotics health promotion worked
not only through microbiome protection but also by directly
inhibiting pathogen growth, neutralizing toxins, and
modulating inflammatory response (23) (24).

The most successful treatment seems to be a multi-strand
formula, combining L. acidophilus CL1285, L. casei
LBCS80R, L. rhamnosus CLR2, Bio-K+, which also showed
an excellent safety profile, even in preventing C. difficile
hospital infections (25).

These recent results should suffice safety evidence that
concerned previous researches who found great efficacy
outcomes (26) (27) (28) (29).

3. Probiotics use in Helicobacter pylori infection (HPI)

Helicobacter pylori infections are relatively common, affect
nearly half the world population, and its relevance relies not
only on its relation with many gastrointestinal diseases, but
also on extragastric manifestations (30). An alternative to
antibiotic treatment is usually described as urgent, mainly due
to bacterial resistance development (31). Thus, the role of
probiotics seems to fit perfectly with H. pylori eradication
treatment demands.

A recent Chinese study reviewed one hundred and forty
results for probiotic eradication therapy in a massive
population group (20,215 patients) in order to investigate
different probiotics supplementation’s effectiveness. All data
considered, eradication rates were 84.1% in probiotic group
while 70.5% in control, and adverse events rates were 14.4%
in probiotic group while 30.1% in control (32).

In general, more than ten strategies of probiotic treatment
have experimented and no statistically significant difference
was found amidst the strands. Combined therapy did not
show better results or tolerance either. Differences among
strands seems to rely on treatment length, being
Lactobacillus acidophilus a slightly better choice in in triple
therapy of 7 and 14 days, while Saccharomyces boulardii was
more applicable for 10-day triple therapy.

Some notable strands properties should also be noted for
further investigation, such as L. pentosus LPS16, which lactic
acid production has been shown to inhibit both drug-sensitive
and drug-resistant H. pylori strains in vitro (33). The same
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effect could also be obtained from seven L. bulgaricus strains
(34). The acid-resistant strain L. johnsonii N0.1088, isolated
from gastric juice of healthy volunteers could suppress H.
pylori both in vitro and in a mouse model, and the heat-killed
form of the strain also showed antibacterial effects (35) (36).
Many hypotheses suggest mechanisms for the antagonism
probiotics exert against H. pylori, although molecular studies
are still pending for their confirmation (37).

From this review on, few interesting studies were conducted
which led to new discoveries and hypothesis concerning
probiotics treatment in HPI.

A research conducted on model animals showed a significant
association of probiotic treatment with reduction on gastric
inflammation secondary to HPI, and also suggested that long-
term administration of probiotics might have favorable
outcomes in H. pylori infection especially by decreasing the
risk of development of diseases caused by increased levels of
gastric inflammation, such as gastric ulcer (38). Other than
that, the study also confirmed probiotics' colonization
reduction capability previously observed.

Clinical researchers have yet failed to report on a probiotic
treatment that could alone achieve H. pylori eradication. This
is expected to be the great breakthrough of gastric probiotic
therapy, and it is optimistically indicated to happen as further
trials are conducted (39).

4. Probiotics use on oral infections

Probiotics are thoroughly studied in oral health problems
mainly because periodontal diseases and dental caries are
usually treated with systemic use of antimicrobial drugs™,
which can trigger gastrointestinal conditions, as previously
exposed, as well as promote bacterial resistance and allergic
reactions (40).

Oral microbiota is a delicate subject in the clinics, since the
oral cavity is a complex microbiological system that needs
homeostasis (41). In order for microorganisms and toxins to
attack oral tissues, they are usually organized in a thin film
layer deposited on hard oral tissue (enamel and cementum)
called biofilm (42), which is described to be the result of
bacterial adhesion, aggregation and co-aggregation to
colonize the oral cavity (43).

Although action mechanism for probiotic therapy in oral
health is still obscure, they are widely correlated with
decreased CFU counts of pathogens (44) (45). A review
suggests the very interesting hypothesis of the
microbiological dynamic of probiotics in the oral cavity
competing for adhesion with pathogens, causing the latter’s
displacement (46).

A meta-analysis of articles concerning caries development
with probiotic therapy recorded a significant decrease in CFU
counts of S. mutans after bacteriotherapy, which does not
happen with the CFU counts of Lactobacilli. In addition, after
treatment with probiotics, the intervention group had a greater
number of patients with low levels of S. mutans CFU counts
(< 105 CFU/ml) and fewer patients with high levels (> 106
CFU/ml), which does not occur in the control group (47).

On the other hand, a double-blind clinical trial on 96 children
divided into three groups receiving probiotics (B. lactis BB -
12), xylitol or sorbitol for control, concluded that early
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administration of this probiotic strain did not represent its
permanent colonization in the oral cavity and that the CFU
counts of S. mutans were not significantly affected (48). In
addition, yet another three randomized clinical trials reviewed
by Twetman, et al. (49) using L. Rhamnosus and milk as a
vehicle for the prevention of dental caries concluded that
despite encouraging results and given evidence collected, it is
still premature to present probiotics as a preventive clinical
recommendation, and indicated the need for long-term
follow-up in order to establish needed confirmation for the
therapy.

Another meta-analysis of 50 clinical trials suggested that
probiotic therapy significantly reduces the S. mutans CFU
counts (<104 UFC/ml), and that Bifidobacteria are the most
significant contributor to this effect, but studies that brought
up data to this conclusion has a high risk of bias, therefore,
forcing researchers to conclude that current clinical evidence
is inconsistent in order to make recommendations for the use
of probiotics to treat or prevent dental caries (50).

Periodontal conditions and caries, being multifactorial
diseases (51), seem to trouble trials with more variables to
consider than it is possible to manage to organize data. That is
one review’s hypothesis to why despite the evidence, it is still
impossible to make a statement towards probiotics
recommendations in oral health (52).

Many other clinical trials (53) were conducted and are
currently ingoing investigating other strands in oral health
probiotics, such as S. oralis, S. uberis, L. salivarius and S.
rattus, other pathogens’ CFU counts are being considered as
Prevotella intemedia, Agregatibacter actinomycetemcomitans
and Porphyromana gingivalis and researchers struggle to
extend follow-up time. Nevertheless, the main conclusion
seems to remain that probiotics cannot replace daily oral
hygiene technique (54).

5. Probiotics use in pharyngeal infections

Pharyngeal infections, notably the ones caused by
Streptococcus pyogenes, also produces the previously
described structure of biofilm. And as well as in the oral
cavity, in the pharynx bacteria in biofilms are less sensitive to
host defense mechanisms and antimicrobial agents, due to
multiple strategies, that involve modulation of gene
expression, controlled  metabolic  rate, intercellular
communication, composition, and 3D architecture of the
extracellular matrix (55).

In 2012, inspired by the probiotic potential to modulate cavity
microbiota to protect it from infections, an in vitro research
was conducted to experiment and investigate the functional
and immunomodulatory  properties of the strains
Lactobacillus helveticus MIMLhS5 and  Streptococcus
salivarius ST3 (56), which were highlighted previously by
other studies (57) (58). This study concluded that strains
MIMLh5 and ST3, alone and in combination, can efficiently
adhere to pharyngeal epithelial cells, antagonize S. pyogenes,
and modulate host innate immunity by inducing potentially
protective effects. In addition, it also reported that their
combination resulted in a synergistic effect, according to
cytokine induction, that might help the host immune system
react to potential pathogens while maintaining a balance
between pro- and anti-inflammatory cytokines, thus
preventing possible exaggerated responses.
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Another in vitro article observed that S. salivarius 24SMB
and S. oralis 89a are able to inhibit the biofilm formation
capacity of selected pathogens and even to disperse their pre-
formed biofilms. Diffusible molecules secreted by the two
streptococci and lowered pH of the medium revealed to be
implied in the mechanisms of anti-biofilm activity (59).

New strands other than Streptococcus salivarius, probiotic
candidates Lactobacillus acidophilus and Lactobacillus
plantarum were tested for the same protective properties in a
in vitro pharynx cosmos, showing promising results together
with many other bacteria native to the natural environment
(60). The article purposes itself to be a preclinical towards
future probiotic trials, and no clinical trials were published
yet to this review’s making date concerning probiotics use in
pharyngeal infections that would suffice inclusion criteria,
even though given laboratory evidence it poses as a great
prospect for a safe upper respiratory infections treatment.

6. Probiotics use in Salmonella spp. Infections

Salmonella spp. Infections are one of the leading causes of
acute diarrhea worldwide (61). As a long known disease,
efforts to employ microorganisms therapy, which would
today be called probiotic therapy, started even before the first
definition of the word itself, in 1959, when Nissle published
an article with records of an E. coli strand isolated from a
soldier which appeared to be resistant to a diarrhea outbreak
and seemed to establish persistent intestine colonization,
therefore, suggesting its potential to compete with intestinal
infections (62).

Nissle hypothesis' success mechanisms were explained in
2017, when a trial in rats infected with S. enterica serovar
Typhimurium showed E. coli strain Nissle 1917 outcompeted
the pathogen for iron acquisition (63) which is established as
the most important micronutrient for its virulence (64).

Further on, many other probiotics were suggested to alleviate
salmonellosis as time progressed. A study identified two non-
Saccharomyces species - K. marxianus and Metschnikowia
gruessii - as significantly capable of protecting host’s
intestinal epithelium against disrupting activity from the same
Salmonella strain (65).

Animal trials in newly hatched broiler chicken with a multi-
species probiotic consisting of Lactobacillus crispatus,
Lactobacillus  salivarius, Lactobacillus  gallinarum,
Lactobacillus johnsonii, Enterococcus faecalis and Bacillus
amyloliquefaciens showed better and safer results than
traditional antibiotic therapy with oxytetracycline, used as
control. Results were significant to the point which probiotic
therapy were suggested as preferred choice of treatment (66).
Other studies with other strands were also published studying
probiotics in poultry and rats, many of which were absolutely
successful, through different biochemical mechanisms of
pathogen inhibition (67) (68) (69) (70).

In fact, microbiota seems to play an extraordinarily important
role in Salmonella infections, being shown that slight
variation in  endogenous  Enterobacteriaceae  could
importantly determine host’s susceptibility to infection, even
in genetically similar organisms (71). Confirming probiotics
effectiveness, several clinical trials in humans replicated in
vitro and in vivo animal trials (72). A randomized controlled
trial showed Lactobacillus plantarum 299 could accelerate
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clearance of non-typhoid Salmonella and reduce infection-
related symptoms, which was influenced by gender (73).

Recently, that first E. coli strand isolated by Nissle (62) was
subject to bioengineering and successfully inhibited
Salmonella colonization via tetrathionate-induced production
of microcin H47. The strand seems to greatly outcompete
Salmonella, using an environmental signal indicative of
intestinal inflammation as an inducing molecule, resulting in
a considerable increase in fitness advantage (74).

CONCLUSION

The quality of evidence for the use of probiatics to treat or
prevent gastrointestinal tract infections seems to be uneven.
While its usage on AAD, CDI and Salmonella infections have
shown reasonably positive clinical results and are already
incorporated to protocol therapies, it remains unclear which
exact mechanisms, microbiological interactions and method
approaches could account for many discrepant results in some
trials. The main challenge seems to present in oral infections
applications, due to the microbiota dynamics complexity.

In assessing safety, probiotics seem to exceed traditional
antibiotic treatment, given almost no record of adverse events
from all evaluated studies in comparison to the known
problematic and often iatrogenic drug therapies. Overall,
probiotics seem to have increasingly good prospects in
clinical use, even though further research is needed in order to
produce evidence for strain selection and effectiveness in
specific diseases.
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ABSTRACT

Objective: This article aims to review the current evidence in Covid-19 patients with
acute respiratory failure who required awake prone positioning as a therapeutic
intervention.

| searched the literature on MEDLINE, PubMed, Cochrane Library, Google Scholar, and
other databases. | found several studies that analyzed and shared the data regarding awake
prone positioning in the Covid-19 patients, with duration ranging from 12-16 hours.

I found that the major criteria used included PaO2/FiO2 ratio, SpO2/FiO2, respiratory
rate, heart rate. | also searched the suggested indications, contra-indications,
complications, and outcomes of those patients.

Awake proning showed improvement in lung mechanics and oxygenation, but no benefit
in outcome in the majority of studies.

Currently, the data is unclear to determine the overall benefit. Further controlled trials are
needed.

Keywords: Covid-19, prone positioning, awake, major criteria, outcome, SARS-CoV-2

INTRODUCTION

Traditionally, the prone position has been proposed as a treatment of severe ARDS
patients with hypoxemia. Its use started in the 1970s after a study done by Bryan in 1974
in the pediatric population showed benefits (1).

Several meta-analyses and systemic reviews have been published in Non-Covid patients,
but all were done in intubated patients.

In 2011, a meta-analysis of 48 studies was done, which found that a statistically
significant mortality benefit was found in patients with severe ARDS only (2).

In 2014, a systematic review of 11 trials determined that ventilated patients with lower
tidal volumes, in combination with prone positioning, reduced mortality of about one
additional patient in eleven (3).

The Large Observational Study to Understand the Global Impact of Severe Acute
Respiratory Failure (LUNG-SAFE) looked at the use of prone position during the study
period of 2014. At that time, proning was used for 7% of all ARDS patients and 14% of
the most severe cases (4).

Guidelines have been published by The ESICM and Surviving Sepsis Campaign on the
Management of Critically 11l Adults with Coronavirus Disease 2019 (COVID-19) in 2020
(5). These recommended the use of proning (6).

Covid-19 pandemic has further increased the interest of the medical community to further
study the effect of proning on the outcome of those patients as they develop severe
pneumonia with ARDS. Hospitals have been overwhelmed with patients requiring
invasive ventilation who failed non-invasive methods. This lead to a growing interest in
awake proning protocols to avoid intubation and improve outcomes.

Effects of body position on lung mechanics
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The beneficial effects of proning in ARDS have several
mechanisms (7, 8).

The most severely affected lung regions in ARDS are at the
lower and the basal zones. They have the worse V/Q
(Ventilation/Perfusion) mismatch or even shunt physiology in
the most severe cases. In supine position, most of the
oxygenated blood goes to these areas due to the gravity effect.
However, ventilation is less affected by the gravitational
force. This leads to severe oxygenation failure due to a
reduction in the gas exchange, requiring a higher FiO2 and
Peep (9, 10). Proning these patients has positive physiological
effects on respiratory system mechanics (11).

In the supine position, the intra-abdominal compartment
pressure exceeds five times the intra-thoracic cavity pressure,
leading to decrease compliance of respiratory system (CRS)
(12). 1t can further decrease with associated intra-abdominal
sepsis. In the prone position, the weight of the body on the
lungs and diaphragm is reduced, which improves the
respiratory system compliance. There is a reversal of
posterior alveolar atelectasis, over inflation of anterior
alveoli, and V/Q mismatch when the patient is changed from
supine to prone position

The risk of barotrauma is also reduced.

When patients are in the prone position, the drainage of
secretions may be improved with decreased chances of
ventilator-associated pneumonia.

Covid-19 and Proning

As the pandemic is worsening, severe ARDS in Covid-19
patients is similar to the “Classical” ARDS described in other
conditions. It is the single most crucial pathology which
determines the outcome.

Historically, proning has been done in the intubated patients.
This practice is labour-intensive and requires trained nurses
and other staff. Recent studies on Covid-19 proning have
focused more on awake proning. The first study about
proning benefits in awake non-intubated Covid-19 patients
was done in China by Sun Q, Qiu H, Huang M, et al. (13).
Several protocols have been developed since for awake
proning Covid-19 patients. Awake proning is a relatively safe
intervention, which has shown improvement in oxygenation
in conscious patients who failed to improve with non-invasive
ventilation (HFNC, BiPAP/CPAP). It can be easily used in
patients admitted to the wards and even at home by trained
family members.

The suggested indications of awake proning include
hemodynamically stable patients, oxygen saturation less than
92, when the hypoxemia becomes refractory to simple oxygen
therapy, SpO2/FiO2 ratio less than 315, PaO2/FiO2 ratio less
than 300, a respiratory rate more than 30, heart rate more than
120, conscious and able to move in bed with minimal
assistance, pregnancy 1st and 2nd trimesters while fetal status
is being monitored (14, 15).

There are several suggested contra-indications which include
hemodynamic instability with MAP less than 65, Difficult
airway, severe respiratory distress especially if hypercapnia
with the possibility of immediate intubation unless
mechanical ventilation is not available, low GCS, 3rd
trimester of pregnancy, spinal diseases, raised intracranial
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pressure, acute abdomen, difficult airway. Proning should be
avoided in patients with multi-organ failure (15).

Most studies did not report any major complications of awake
proning. However, some reported complications include
dislodgement of lines, devices, and drains. Facial edema,
increase in intra-abdominal and intracranial pressures, related
to nutritional difficulties, nausea, vomiting, anxiety, and
intolerance. A concern has been raised that awake proning
may delay intubation and mechanical ventilation in ARDS
patients. This could lead to poorer outcomes (15).

If a patient develops cardiac arrest during awake proning,
“Reverse CPR” should be performed till the patient can be
safely changed back to supine position (16).

Several studies have been done to assess the impact of awake
or self proning.

Around seven recent studies have been done which studied
awake prone positioning in Covid-19 non- intubated patients.
A study was done by Caputo. et al, showed a reduction in
intubation by 64%. However, 36% of patients were intubated
within 72 hours, and of these, 38% (n = 7) were intubated
within the first hour. However, other studies have not shown
any significant reduction in intubation rates. Most of those
studies were limited by the fact that the duration of awake
proning sessions was much shorter than compared to
intubated patients with ARDS and no major trial has been
done. Further studies and trials are required to determine a
beneficial impact.

More than the duration of a single prone positioning course,
multiple short prone positioning sessions might improve
tolerance and lead to better outcomes. Use pillows to improve
comfort, and trained staff should help to reposition if the
patient has physical difficulty moving. Published data does
not allow us to determine for which patients prone positioning
may be beneficial, or the best duration and frequency of the
prone positioning sessions (17).

Before starting the awake prone positioning, it is important to
explain the procedure to the patient, and he should be
reassured. This would improve tolerance. Secure all lines,
devices, tubes, and drains. In patients with mild hypoxemia, it
may be better to do “Assisted Proning” rather than “Self
Proning”, so the patient can conserve his energy and use it for
breathing efforts.

The patient should be kept nil by mouth in case urgent
intubation is needed and also to minimize the risk of
aspiration in the prone position.

Monitoring of these patients is the most important aspect.
Various recommendations have been suggested. One of them
is the ROX index (Respiratory rate — OXygenation). It is the
ratio of SpO2/FiO2 to RR. An improvement in the index is
suggestive of fewer chances of intubation. (18) More
experience is needed to assess this index in Covid-19 patients.

In contrast to awake proning, intubated patients have shown
improved oxygenation and a reduction in mortality with
moderate to severe ARDS.

Early vs. Late Prone Positioning
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Early proning is done during the period when oxygen is
supplied by simple methods like nasal cannula or face mask,
while late proning is the period when a patient is using
HFNC, CPAP or BIPAP.

The studies have shown variable results, but overall fail to
demonstrate any benefit regarding “Early vs Late Proning”.
(19)

CONCLUSION

Awake-prone positioning has shown improvement in
oxygenation, but any benefit after re-supination and impact
on mortality and length of stay remains unclear.

Due to its relative ease of use, and low sides-effects, prone
positioning for non-intubated patients has been widely
applied and studied in Covid-19 patients, whether in medical
wards or emergency rooms. Association with NIV or HFNC
is suggested to improve the benefits of respiratory status.

It is encouraging to see the evidence showing improved
oxygenation but more evidence is needed on clinical
outcomes, such as mortality or intubation rates.

Studies failed to determine the best duration and frequency of
prone positioning, and tolerance of prolonged sessions
remains a concern.

Abbreviations:

PaO,/FiO,: Arterial
inspired oxygen

oxygen partial pressure/fractional

SpO,: Oxygen Saturation by pulse oximeter

ARDS: Adult Respiratory Distress Syndrome
ESICM: European Society of Intensive Care Medicine
GCS: Glasgow Coma Scale

HFNC: High Flow Nasal Cannula

BIPAP: Bi-level Positive Airway pressure

CPAP: Continuous Positive Airway Pressure
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ABSTRACT

Objective: Covid-19 disease has spread rapidly across the world since its first appearance
in 2019. At the beginning of the pandemic, Covid-19 disease was thought to affect only
the respiratory system, although it has since been realized that it causes numerous
transient or permanent problems in various body systems. One of these effects involves
the reproductive system.

Several studies have investigated the effects of Covid-19 disease on the female and male
reproductive systems. Embryological life depends on the fertilization of a healthy mature
oocyte, a healthy mature sperm, and the continuation of pregnancy. The purpose of this
article is to examine the effects of Covid-19 disease on the male and female reproductive
systems and embryological life through a review of the current literature.

Keywords: Covid-19, Embryo, Reproductive Health, Pandemic

INTRODUCTION

The covid-19 disease first appeared in China in December 2019 (1). Coronavirus causes
various health problems, such as pneumonia, acute respiratory tract problems, Kidney
damage, myocardial dysfunction, and gastrointestinal diseases (2). Studies have also
reported that Covid-19 can cause changes in the hypothalamic-pituitary-gonadal axis (3).

This axis is sensitive to insufficient sleep and to psychological and physical stress.
Pulsatile release of hormones is necessary for a regular menstrual cycle, and irregularities
in hormone secretion may result in menstrual disorders (4). Studies have investigated the
effects of Covid-19 on male reproductive health, sperm parameters, and testicular tissue
(5, 6). The regular functioning of the female and male reproductive systems is very
important for a healthy embryological life (7).

Covid-19 Disease and Its Effects on the Female Reproductive System

The female menstrual cycle is regulated by the hypothalamic-pituitary-ovarian axis,
through the positive and negative feedback of hormones on these structures (8). The
changes caused by Covid-19 in the hypothalamic-pituitary-gonadal axis will directly
affect the menstrual cycle (3).

Covid-19 affects the target cell by binding to angiotensin-converting enzyme (ACE) 2 via
the surface spike protein (9). ACE2 mRNA transcripts have been detected in the ovaries
of reproductive age and postmenopausal women (10). ACE2 is a key enzyme in the axis
that plays a synergistic role in the balance between Ang Il and Ang-(1-7) levels. Ang Il
induces steroid secretion, facilitates follicle development and oocyte maturation, plays a
role in ovulation, and maintains corpus luteum progression (11-15).

In addition, ACE2 mRNA has also been detected in the human and rat uterus (16, 17).
Ang Il initiates menstruation through spiral artery vasoconstriction (18).

The balance between Ang Il and Ang-(1-7) plays a role in the regulation of myometrial
activity and endometrial regeneration (16, 19). The normal function of Ang Il in the
endometrium is also essential for regular menstrual cycles (20). For all these reasons,
Covid-19 affects the uterus, ovary, and oocyte and disrupts the functioning of the female
reproductive system.
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Covid-19 Disease and Its Effects on the Male
Reproductive System

The male reproductive system is a complicated
system consisting of the testicles, penis, duct
systems, and accessory glands. The main task of
the testicles is the production of sperm and the
release of the hormone androgen. Sperm is stored
and matured in the ducts. The production of non-
sperm ejaculate substances occurs in the accessory
glands. The principle factor in the formation of
good-quality spermatozoa is proper
spermatogenesis. Spermatogenesis is defined as the
process of maturation of diploid male germ cells by
meiosis and their differentiation into haploid male
gamete cells. Spermatogenesis starts at puberty,
once sperm maturation begins, and continues to the
end of life. Four mature sperm are formed from
each primary spermatocyte. A disruption in this
system  causes  oligospermia,  azoospermia,
asthenospermia, and cryptorchidism, events that
play a major role in male infertility (21-23).

ACE?2 is expressed in the testes and epididymis,
especially in Leydig cells, Sertoli cells, and
spermatogonia (24). Covid-19 causes high fever
and a possible cytokine storm, symptoms that affect
male fertility. An increase in testicular temperature
causes oxidative stress and sperm DNA
fragmentation by increasing levels of reactive
oxygen species (25). Postmortem macroscopic and
microscopic analyses of the testes of 12 patients
who died from Covid-19 in one study revealed
damage in 11 cases, and that the mean Leydig cell
count was significantly lower compared to that of a
control group (26). In a recent study of 119 male
patients of reproductive age, semen analysis of
male patients diagnosed with Covid-19 revealed
decreased sperm motility, sperm morphological
disorders, and loss of libido. In addition, serum
luteinizing hormone (LH) levels were significantly
higher in the Covid-19 group compared to the
control group, although no significant change was
observed in serum testosterone levels. The authors
concluded that gonadal functions were affected by
the higher serum LH level and lower serum
testosterone/LH ratio compared to the control
group (27). Studies on this subject are still ongoing,
and it is clear that the male reproductive system is
under threat by Covid-109.

Medical Science and Discovery, 2021; 8(9):509-513

Effects of Covid-19 Disease in the Embryonic
and Fetal Period

Fertilization is a complex molecular chain of events
in which oocyte and sperm nuclei and cytoplasmic
components come together to form a zygote (28,
29). Fertilization begins with sperm capacitation,
attachment of sperm to the zona pellucida,
induction of the acrosome reaction, crossing of the
perivitelline space, and fusion with the oolemma.
The subsequent process involves the completion of
the second meiotic division in the oocyte, the
expulsion of the second polar body, the activation
of the oocyte, the decondensation of the sperm
nucleus and maternal chromosomes, and finally the
cytoplasmic migration of the pronuclei. Processes
including receptor-ligand interaction, ion-channel
modulations, membrane fusion, and proteolysis
occur during fertilization (28-30).

After fertilization, the oocyte becomes a blastocyst
and adheres to the surface of the endometrium. The
blastocyst implants into the endometrium on the
seventh day. Implantation is followed by the
formation of the placenta, which will support the
embryo until the end of pregnancy (31, 32). The
embryonic period, which is particularly sensitive to
external factors (between the third and eighth
weeks) involves the formation of numerous tissues
and organ systems. The embryonic period is
followed by the fetal period, which will continue
until birth.

ACE2 is expressed in the placenta, placental villi,
syncytiotrophoblast, cytotrophoblast, endothelium,
and vascular smooth muscle of primary and
secondary villi. It is also expressed in the maternal
stroma, intravascular trophoblast, and decidual
cells. ACE2 is also found in the arterial and venous
endothelium and the smooth muscle of the
umbilical cord (33). ACE2 reaches its highest
levels during early pregnancy, and is expressed in
the primary and secondary decidual region and
luminal and glandular epithelial cells. ACE2 has
been observed in the placenta and amniotic and
yolk sac epithelium during late pregnancy (34-36).
During pregnancy, Ang2, ACE2, and Ang-(1-7) are
principally involved in regulating blood pressure
and fetal development. They also interact to
maintain normal uterine physiology (37).
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Ang-(1-7) and ACE2 are also thought to act as a
local autocrine/paracrine regulator in the early
(angiogenesis, apoptosis and growth) and late
(uteroplacental blood flow) events of pregnancy
(35). ACEZ2 controls the blood pressure balance in
the pregnant woman (34). One previous study
observed suppressed plasma Ang-(1-7) levels in
pre-eclamptic women compared with normal
pregnancies (38). Finally, low levels of ACE2 and
Ang-(1-7) in the placenta have been associated
with intrauterine growth retardation (36, 39).

RESULTS

Covid-19 disease exhibits its effect by binding to
ACE receptors. It affects numerous body systems,
such as the lungs, heart, kidneys, nervous system,
and skin. The effect mechanism of the virus and its
acute and chronic phase effects on different organs
are still the subject of investigation.

Studies of male infertility after Covid-19 have
shown that the disease exerts a deleterious effect on
the male reproductive system. Covid-19 can also
impair female reproductive functions, causing
infertility, menstrual irregularity, and fetal distress.
It has also been shown to infect the ovary, uterus,
vagina, and placenta.

CONCLUSION

We therefore recommend that couples planning
pregnancies be protected against Covid-19
infection. Close monitoring of the fetus and
pregnancy is also highly important.
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ABSTRACT

Objective: Parkinson's disease, the second most common neurodegenerative disorder
afflicting 10 million people worldwide and the fourteenth leading cause of death in the
United States, is caused by the death of dopaminergic neurons that regulate movement in
the substantia nigra pars compacta. Mechanisms contributing to the development of
Parkinson’s disease in vulnerable individuals include protein misfolding, protein
aggregation, and mitochondrial dysfunction. In order to develop guidelines for clinicians
to utilize precision medicine to develop treatment plans to address the specific needs of
individuals with Parkinson’s disease and related conditions, we have developed
algorithms for diagnosis and treatment based on their view of available knowledge. We
reviewed the key literature on the pathogenesis of Parkinson’s disease on PubMed and
google scholar in order to propose guidelines for the development of diagnostic and
therapeutic interventions for people with Parkinson’s disease and related conditions. In
about 25 percent of patients, clinicians incorrectly diagnose Parkinson’s disease. Causes
of misdiagnosis include a lack of algorithms and inadequate use of diagnostic modalities.
Four main mechanisms that may contribute to the development of Parkinson's disease
(misfolding of alpha-synuclein, mitochondrial dysfunction, dysfunctional ubiquitin
proteasomal pathways, and abnormal autophagy) and different diagnostic modalities
(structured interview and examination, laboratory assessments, neuropathology, genetic
testing, neuroimaging) will form the basis for our algorithm for the diagnosis and
treatment of Parkinson’s disease and related conditions. Clinicians, administrators, policy
planners, advocates, and other concerned individuals will benefit from the adoption of our
guidelines for the diagnosis and treatment of Parkinson’s disease and related conditions.
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Pathogenesis of the Parkinson's Disease
a) Alpha-synuclein protein misfolding

Alpha-synuclein is a cerebral protein normally found in an insoluble fibril. It is an
abundant presynaptic protein that binds to negatively charged phospholipids, which also
function as SNARE —complex chaperone which contributes to the pathogenesis of
Parkinson disease due to its misfolding (1).Experiments were carried out on rodents and
found the abnormal neurotoxic alpha-synuclein protein is found in an oligomeric form
rather than the mature insoluble fibrils (2). Protein folding and refolding of the misfolded
proteins occurs via a group of molecules known as chaperones and co-chaperones such as
Hsp70 and Hsp90 and their Co Chaperone Hsp 40 (3). Syncluein misfolding can be
detected via a molecular test called Protein Misfolding Cyclic Amplification that will be
discussed in detail (4).
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Developing drugs that enhance chaperone and co-chaperone
molecular systems may help reduce protein misfolding in
some patients with Parkinson's disease (3).

b) Dysfunctional ubiquitin-proteasome system

Proteosomes are organelles responsible for protein turnover.
Diminished activity of these organelles may result in
abnormal protein accumulation in the basal ganglia and cause
damage which may contribute to the development of
Parkinson's disease (5). Decreased expression of proteasomal
components has been identified in the SNpc of the brain in
patients with Parkinson's disease (6). Ubiquitination Assay
for Parkin gene can be tested in autosomal recessive cases of
PD (7).

¢) Mitochondrial dysfunction

Mitochondrial dysfunction has been found in many cases of
idiopathic or hereditary Parkinson's disease (8).The neuro-
toxic alpha-synuclein in its oligomeric form can interact with
a mitochondrial receptor resulting in increased oxidative
damage due to reduced mitochondrial respiration (9).Genetic
testing can help diagnose hereditary cases with mitochondrial
dysfunction as many genes involved have been detected as
SNCA gene mutation in Autosomal dominant cases while
Parkin gene mutation in Autosomal recessive cases.
Developing drugs that target Mitochondrial Complexes to
resolve the dysfunction may enhance symptoms in PD (10).

Diagnostic Modalities

a) The most recent simple diagnostic modality: Tri-axial
accelerometer (11).

McKay, James Brasic, and their colleagues at Johns Hopkins
medical school developed a low cost simple objective method
to diagnose and grade Parkinson's disease (11). This
technique involves objective quantitative assessment of
tremors in extremities of patients with Parkinson's disease.

Low-cost accelerometers are attached to the upper and lower
limbs to generate a continuous three diminutions
representation of the movements. Patients and controls were
assessed through a test-retest method. The degree of tremors
is rated clinically by trained examiners. The output of the
accelerometers can be interpreted using Fast Fourier
Transforms and Continuous Wavelet transforms by experts
for diagnosis and therapy (12). The use of this device for
clinical practice is not FDA approved yet (11).

b) Transcranial sonography

Medical Science and Discovery, 2021; 8(9):514-519

Sonography is a simple, low-cost and widely available
imaging modality and it can be used for diagnosing
Parkinson's disease with high accuracy. Pooled sensitivity and
specificity of transcranial -sonography for diagnosing
Parkinson's disease is 84% and 85%. This is calculated from
the meta-analysis of 39 studies involving 3123 patients (13).
Usually, it is not used for diagnosis unless there is an
associated condition such as epilepsy or stroke.

¢) Genetic and molecular testing
1) RT-Polymerase chain reaction (RT-PCR)

This method can detect genetic mutations in hereditary cases
of PD. It can be used for screening and diagnosis. This
method uses heat to denature DNA then annealing occurs via
Reverse Transcription DNA polymerase enzyme to amplify
the gene of interest (14).

2) Protein Misfolding Cyclic Amplification

This test uses ultrasound waves to degrade proteins such as
alpha-synucleininto small pieces so they can be amplified and
studied. This method can be used to detect misfolded alpha-
synuclein protein with high sensitivity and specificity in
patients with multiple system atrophy and Parkinson's disease
(15).

3) Ubiquitination assay for ligase enzyme

This method can be used in Autosomal recessive cases with
Parkin gene mutations. The concept relies on detecting the
activity of the Parkinubiquitin ligase enzyme which is
important for protein turnover (16).

d) Molecular imaging methods

1) In single-photon emission computed tomography
(SPECT) (33).

DaTSCAN in ET vs. PD

Parkinson's disease

Essential tremor

SPECT is a method of molecular imaging in which a gamma
ray-emitting radioactive isotope is tagged to a molecule of
interest. In patients with Parkinson's disease, labeled cocaine
derivatives such as loflupane for DAT-SPECT is most widely
used, others include 123I-B-CIT and 123I-FP-CIT (N-®-
fluoropropyl-2B-carboxymethoxy-3p-(4-iodopheny! tropane).
They label the presynaptic dopamine reuptake sites. Patients
with Parkinson's disease show reduced uptake of these
substances in the basal ganglia (17). A subtype of SPECT
called 123I-B-CIT SPECT was 100% sensitive and specific
for the diagnosis in younger patients (age <55 years). In older
patients (age >55 years), specificity was substantially lower
(68.5%) (18).
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A major disadvantage of SPECT, when compared to other
methods of nuclear imaging such as PET, include the limited
resolution of images for the visualization of basal ganglia in
PD (19).

2) Positron emission tomography (34)

a Control b Patient

Nature Reviews | Neuroscience

PET is another method of molecular imaging in which a
positron-emitting radioactive isotope is tagged to a molecule
of interest. Fluorine is injected intravenously into patients
with Parkinson's disease. Fluorine can be attached to either
DOPA or deoxyglucose. Flurodopa F18 is taken by the
presynaptic neurons in the basal ganglia particularly the
caudate and putamen. However, fluorodeoxyglucose is taken
by active cells to be trapped in the tissues during the imaging
study. Reduced uptake of Flurodopa is seen in Parkinson's
disease (20).

One study showed that the use of F-DOPA PET to discover
the pathogenesis of Parkinson's disease showed that F-DOPA
uptake correlated with increased bradykinesia and rigidity,
not with tremors which show that the pathogenesis of tremors
is different from the pathogenesis of bradykinesia and rigidity
(21).

It can be used if the diagnosis is inconclusive by DAT-
SPECT.A meta-analysis calculated the pooled sensitivity of
PET in diagnosing Parkinson's disease as 88% and specificity
as 92 % (22). A major disadvantage of PET imaging is the
short half-lives of the radioactive isotopes which do not allow
much time for imaging. Another major disadvantage is the
high cost of a PET scan.

3) Magnetic resonance imaging (35).

MRI is a method of imaging in which high magnetic field
strengths are used to excite the hydrogen atoms in water
molecules. MRI can demonstrate structural changes(atrophy)
in the basal ganglia in patients with Parkinson's disease as
illustrated in Image B.MRI is superior to CT, because of
better resolution and sensitivity to identify structural brain
pathology (23). A meta-analysis study published in 2021
calculated pooled sensitivity and specificity of using MRI in
PD. The pooled sensitivity was found as 92% and pooled
specificity as 90% (24). Usually, it is used for diagnosis only
if there is an associated condition like stroke or epilepsy.

4) Magnetic resonance spectroscopy

MRS can be used to quantify the intermediary metabolites in
small volumes of brain tissue. Patients with Parkinson's
disease show decreased concentration of Dopamine in the
basal ganglia. This method is usually used for research
purposes (25).

Our Algorithm for Diagnosis: Algorithm for Diagnosis of PD (ADPD)

Step 1 1.  History of Present llIness:
History of Bradykinesia with/without static tremors and or rigidity.
It is crucial to differentiate PD from other similar conditions such as
e  Supranuclear palsy which is characterized by gaze palsy seen early in the disease.
. Shy-Dragersyndromewhichis characterized by autonomic dysfunction and
L[]

2. History of Traumatic brain injury if present.
3. History of any chronic illness.

Cortical base degeneration which is characterized by early cortical signs as speech deficits and cognitive decline.

4. Family history of PD and or other movement disorders.

Step2  Clinical examination:
. Inspection: Static regular tremors like Bell rolling.
e  Tone:Rigidity of upper and or lower extremities.
e  Gait:Bradykinesia and characteristic shuffling gait.
Step 3 Use of mechanical accelerometer.
e  Simple and cheap method.
. It allows accurate grading of tremors.
If diagnosed: Step 4
Step4  With a family history.

e  Genetic and molecular testing (RT-PCR,Ubiquitination Assay for ligase enzyme,etc)

Without Family history
a) If no other condition is associated
. DAT SPECT.

. Reliable and widely available Imaging Modality.
b) If another condition associated (epilepsy or stroke)

. Transcranial Sonography
. CT
. MRI

Medical Science and Discovery, 2021; 8(9):514-519
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Figure: formation of Dopamine in the basal ganglia (36)

Medications used for Parkinson's disease:

Most medications used for Parkinson's disease target the
neuro-transmitter; Dopamine which is formed in the basal
ganglia in normal individuals.

To understand the mechanisms of these medications, we must
discuss how Dopamine is formed normally in the basal
ganglia.

Tyrosine is the amino acid used for the formation of
Dopamine and other neurotransmitters as adrenaline and
noradrenaline.

The picture below illustrates the steps for the formation of
Dopamine in the basal ganglia

a) L-DOPA

L-DOPA is the most potent and is the first line of treatment
for Parkinson’s disease, especially in the early stages. It
provides DOPA that is decarboxylated in the body to
Dopamine. It is highly effective but it has many adverse
effects. Combing it with Carbidopa helps prevents
decarboxylation outside the brain which reduces adverse
effects (26, 27).

b) Dopamine agonists

Drugs such as Pramipexole can be used to treat Parkinson's
disease as they stimulate the dopaminergic 2 receptors which
are located in the basal ganglia (27, 28).

¢) Catechol methyl-transferase inhibitor

Tolcapone and Entacapone are drugs that work via inhibiting
the enzyme Catechol Methyl-transferase thus increasing
dopamine availability in the basal ganglia.

Medical Science and Discovery, 2021; 8(9):514-519
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d) Monoamine oxidase inhibitors

Drugs that inhibit MAO —-B such as Selegiline help increase
the availability of Dopamine in the basal ganglia in a step
different from COMT inhibitors. Both classes have similar
efficacy (27, 28).

A meta-analysis summarized 45 clinical trials on 9000
patients to compare the efficacy of adjuvant drugs such as
dopamine agonists, catechol-methyl-transferase inhibitors to
L-DOPA. Dopamine agonists were found to be more effective
than catechol-methyl-transferase inhibitors and MAO-B
inhibitors which have similar efficacy. Drugs of the same
class were not different in efficacy except Tolcapone which
was found to be more effective than entacapone (29).

Experimental drugs
a) Carbenoxolone

Laboratory  Experiments  showed that the drug
carbenoxolonein a low dose enhances the activity of Hsp 90
in rat models which results in the reduction of misfolded
alpha-synucleinprotein in neurons and improvement in motor
functions (29)

b) Coenzyme Q10(Ubiquinol-10)

Coenzyme Q10 serves as a co-factor for complexes 1,2 and 3
for the electron transport chain in the mitochondria. It can be
of significant benefit for some patients with PD.A clinical
study showed that it might be helpful in patients taking L-
DOPA with wear-off symptoms (30).

¢) Sargramostism(GM-CSF):

GM-CSF is a cytokine produced by T- regulatory cells and it
plays a role in PD by protecting against basal ganglia
degeneration (10, 30). Drugs targeting the immune system
like Sargramostism has shown promise in animal model of
Parkinson’s disease and human clinical trials (31).
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Surgical methods
a) Deep Brain Stimulation

The concept relies on stimulating the subthalamic nucleus
which inhibits signals from the basal ganglia. It is an invasive
method but showed marked improvement in many patients.

b) Thalamotomy

The concept relies on destruction of the thalamus. Benefit for
tremors only.

c) Pallidotomy

The Concept relies on destruction of globus pallidum. Benefit
for tremors, bradykinesia,and levodopa-induced dyskinesias.
Bilateral procedures are not recommended.

d) Subthalamotomy

The concept relies on destruction of the subthalamicnucleas.

Under development; may reduce tremor, rigidity,
bradykinesia, and levodopa-induced dyskinesias. Not
recommended for bilateral use.

Other surgical methods include focused ultrasound

thalamotomies, and cell transplantation therapies (32, 33).

Our Algorithm for Treatment of PD: Algorithm for
Treatment of PD (ATPD)

Treatment of PD (ATPD)

Exercise and rehabilitation medicine.

L-DOPA or carbidopa.

If no improvement(monitor degree of static tremors by
accelerometer /monitor other signs of PD.

Increase dose of L-DOPA/carbidopa.

Maintain exercise andrehabilitationmedicine.

If no improvement or wear-off symptoms (Monitor degree of
static tremors by accelerometer /monitor other signs of PD.
Maximize dose of L-DOPA/carbidopa with or without another
class of medication such as MAO-B inhibitor or COMT
inhibitor.

Use of co-enzyme(Ubiquinol-10).

Maintain exercise and rehabilitationmedicine.

If no improvement, Monitor degree of static tremors by
accelerometer /monitor other signs of PD.

MAO-B inhibitors with or without COMT Inhibitors.
Maintain exercise and rehabilitation medicine.

If no improvement (monitor degree of static tremors by
accelerometer /monitor other signs of PD.

Step 1

Step 2

Step 3

Step 4

Step 5
Step 6

Deep brain stimulation (invasive method).

Surgical methods including radiofrequency or radiosurgery
procedures(pallidotomy,thalamotomy or subthalamotomy).
Potential new treatments including immunotherapy, gene
therapy or cell transplantation.

Step 7

CONCLUSION

Clinicians, administrators, policy planners, advocates, and
other concerned individuals will benefit from the adoption of
our algorithms for the diagnosis and treatment of Parkinson’s
disease.
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ABSTRACT

Objective: Pentraxin-3 (PTX3) is a biomarker shown to correlate with the severity of
infections. It is a good indicator of mortality and is useful in monitoring treatment
success. However, there is inadequate information about the factors affecting PTX3
levels. This study aimed to investigate the effects of different anaesthesia types on serum
PTX3 levels.

Materials/Patients and Methods: Serum PTX3 levels were obtained from patients who
were under general anaesthesia (GA) and spinal anaesthesia (SA) for a caesarean section
(C-section). Blood Samples were collected preoperatively at 6 h and 24 h postoperatively.
Biomarkers such as C-reactive protein, white blood cells, neutrophils and lymphocytes
were also assessed as biomarkers.

Results: No difference was found in the preoperative serum PTX3 levels among the
participants (p > 0.05). A significant increase was observed when the preoperative PTX3
levels (0.16 ng/mL) were compared with the postoperative levels at 6 h (0.25 ng/mL) and
24 h (0.54 ng/mL) in the GA group. No significant change was found in the PTX3 levels
at 0-6-24 h measurements in the SA group. Nevertheless, the GA group was found to be
significantly higher than the SA group at 6 h and 24 h postoperatively (p < 0.05).
Additionally, No correlation was observed between PTX3 levels and other biomarkers.

Conclusions: This study showed that when coupled with C-section, GA increased the
PTX3 levels postoperatively compared with the PTX3 levels during the preoperative
period. No significant change was observed with SA. The PTX-3 levels should be
considered to increase in association with GA in suspected infectious and inflammatory
cases. Therefore, regional anaesthesia should be preferred.

Keywords: Biomarker, Pentraxin-3, General Anesthesia, Spinal Anesthesia

INTRODUCTION

The pentraxin (PTX) family, an acute-phase reactant, has a discoid structure consisting of
cyclic pentamers that are highly stable proteins. It has subgroups of long and short PTXs.
The standard acute-phase protein, C-reactive protein (CRP), was first defined in the
1930s, with the serum amyloid component (SAP) constituting the short PTXs and
pentraxin-3 (PTX3) being the prototype of long PTXs (1). The main structural feature of
PTXa3 is the presence of an amino-terminal domain, which is 174 amino acids in length,
unlike CRP and SAP.

There are differing features not only in the structure of the CRP but also in the source of
its secretion. PTX3 is secreted by macrophages, dendritic cells, neutrophils, fibroblasts
and vascular endothelial cells within an inflammatory zone, and CRP is secreted by
hepatocytes (2). The source of production or secretion of PTX3 depends on the type of
stimulant.

PTX3 levels increase in both acute and chronic diseases (3). Recent studies have reported
that PTX3 is correlated with the severity of the disease (4, 5), is a good indicator of
mortality (6, 7) and is useful in monitoring treatment success (4).
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Moreover, it is a better biomarker that provides earlier
warning than CRP and is an indicator of organ dysfunction
(8). These advantages observed in infectious cases suggest
that PTX3 may become a more widely used marker in the
future. However, to date, there is inadequate information
about the factors affecting PTX3 levels.

The direct pharmacologic effects of agents used during
anaesthesia in terms of the type, duration and depth of
anaesthesia and their effects on stress response and the
immune system have been studied previously (9-11).
Therefore, it is possible that anaesthesia affects PTX3 levels.
In this study, we aimed to investigate the effects of two types
of anaesthesia applications, general anaesthesia (GA) and
spinal anaesthesia (SA), on PTX3 levels.

MATERIALS and METHODS

Study design. The study was approved by the Institutional
Ethics Committee of the Clinical Research of Canakkale
Onsekiz Mart University (Protocol No: 2015-04, Date:
February 18, 2015). The study was conducted in 2015-2016 at
Canakkale Onsekiz Mart University Faculty of Medicine
Hospital and Canakkale Public Hospital. All participants were
pregnant at term and older than 18 years. The patients were
excluded if they had an emergency operation, active
infectious disease, malignancy, or preeclampsia. The
exclusion criteria were age younger than 18 years, emergency
surgery, active infection, steroid therapy and malignancy.
Sixty patients were divided into two groups.

GA group (n = 30): Caesarean section (C-section) under the
GA group. Following pre-oxygenation, 0.5 mg/kg of
lidocaine, 2-3 mg/kg of propofol and 0.6 mg/kg of
rocuronium bromide were intravenously administered to the
patients during the induction of anaesthesia. After the
umbilical cord was clamped, 1-2 mg/kg—1 of fentanyl was
administered to the patient. Anaesthesia was maintained with
50% N20 and 0.5-0.7 minimal alveolar concentration (MAC)
for sevoflurane. Inhalation anaesthesia was terminated at the
end of the operation, and decurarization was performed.

SA group (n = 30): C-section under the SA group. Fluid
infusion with a balanced crystalloid solution of 15 mL kg—1
was administered to the patients before anaesthesia to prevent
maternal hypotension. A total of 10-12 mg of 0.5%
hyperbaric bupivacaine + 25 n g fentanyl (total volume of 2.5
+ 0.3 mL) mixture was administered using a 25-27 G
spinal needle for SA. Surgery was performed when the
sensory block reached T6 - T8. Intraoperatively, if the
systolic arterial pressure decreased to << 90 mmHg, an
intravenous (i.v.) bolus of 5 mg of ephedrine was
administered until the systolic blood pressure increased to
100 mmHg. If the heart rate was <X 55 beats min—1, 0.5 mg
of i.v. atropine was administered. Age, weight, gravida,
parity, gestational age, foetal gender, birth weight and 1-5
min Apgar values of all patients were recorded. Neonatal
Apgar evaluation was performed by paediatricians.

Blood samples: For basal values, serum samples were
obtained from patients who were about to deliver through C-
section during preoperative examination. A second set of
serum samples was obtained at 6 h postoperatively, and a
third set of serum samples were obtained from all patients at
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24 h following the delivery. White blood cell (WBC),
neutrophil, lymphocyte, CRP and PTX3 values were
measured from the blood samples.

Measurement of plasma PTX3: The samples for the
analysis of PTX3 levels were stored at —80°C in small
specimen containers. The samples were studied following the
completion of serum collection in the biochemistry laboratory
of the Canakkale Onsekiz Mart University Faculty of
Medicine Hospital. Serum PTX3 levels were determined
quantitatively using an enzyme-linked immunosorbent assay
(ELISA) using an ELISA microplate strip washer (ELX50;
BioTek Instruments, Vinooski, VT, USA) and an ELISA
microplate reader (ELX808; BioTek Instruments, USA).
PTX3 was analysed using a commercially available kit from
MyBioSource Diagnostics (MyBioSource, Inc., San Diego,
CA, USA). The minimum detectable dose of PTX3 was up to
0.06 ng/mL. The intra- and inter-assay coefficients of
variation for PTX3 were 8% and 12%, respectively.
Correlation between laboratory tests results. The correlation
of PTX3 with other inflammation indicators, such as WBC,
neutrophil, lymphocyte and CRP values, was evaluated for
each group.

Statistical analysis: The obtained data were compared using
IBM SPSS Statistics 19 software owned by Canakkale
Onsekiz Mart University. The variables were investigated
using visual (histogram and probability plots) and analytical
methods (Kolmogorov—Smirnov test) to determine whether
they were normally distributed. Descriptive analyses were
presented using the means and standard deviations for normal
variables. As the WBC, neutrophil, lymphocyte, CRP and
PTX3 values and the patient data were normally distributed;
Student’s t-test was used to compare these parameters
between the SA and GA groups. A t-test was used for the
intergroup statistical comparison of the PTX3 levels. The
correlation of PTX3 levels with the WBC, neutrophil,
lymphocyte and CRP values was evaluated using the
Spearman correlation test. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

Patients’ characteristics: A significant intergroup difference
was not observed in the data related to pregnancy, such as the
demographic features of patients, mother’s weight, gravida,
parity, gestational age, and information related to the baby,
such as gender, birth weight and Apgar score. The data are
summarised in Table 1. The duration of surgery was
approximately 50 min for the GA group and 45 min for the
SA group. Hypotension was observed in two patients in the
SA group and was treated with 5-10 mg of i.v. ephedrine.

Routine laboratory analyses: The mean CRP levels were
higher (normal range, 5 mg/L) than those of non-pregnant
healthy adults in all groups. Moreover, the CRP levels were
higher in consecutive measurements. In the intragroup
comparison of CRP levels between the SA and GA groups, all
differences were statistically significant (p < 0.05). In the
intergroup comparison, significant differences were found in
the CRP levels between the SA and GA groups at 6 h and 24
h postoperatively. Significant intergroup differences were not
found in the WBC, neutrophil, or lymphocyte values. The
results are summarised in Table 2.
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Table 1. Demographic characteristics of C-section patients under GA or SA, data related to pregnancy and information
related to the baby after birth.

Spinal Anesthesia (n=30)  General Anesthesia (n=30)  p value

Age (years) 27.3+6.2 282+7.1 0.84
Maternal weight (kg) 80.6 £9.1 73+87 0.35
Gravida 23%21 22+19 0.70
Parity 1.2+£20 1.0+£0.9 0.14
Delivery (weeks) 38.3£2.6 36.6 £ 3.3 0.17
Male (baby), n (%) 17 (57) 21 (70)

Birth weight (g) 3475 + 960 3664 + 745 0.08
APGAR score 1. min 69+15 6.2+1.2 0.272
APGAR score 5. min 9.0%10 85+12 0.368

Table 2. Intragroup and intergroup statistical comparison of the WBC, neutrophil, lymphocyte, CRP and PTX3 results.

Parameters Spinal Anesthesia General Anesthesia
3 TIT2T3  7.93+1.73 7.61+1.68 0.07
BUZIE Gt (Gt i) 7.43 +2.67 8.16 +2.83 0.35
8.34 +2.64 8.20 + 2.60 0.26
. 3 TIT2T3  465+1.47 451 +1.42 0.18
Neutrophil (x107/mL.) 5.17 +1.96 5.3 +1.83 0.62
3 TLT27T3 g.(z)g 2 (1)'3@1) 3'8% : (1)'5335 8'2%
. + 0. . + 0. .
Lmpivaeie b il 1.82+153 2.41+1.08 0.16
2.23+0.92 2.28 +0.84 0.35
CRP (mg/dL) TLIT2T3  65%15 59+16 0.10
95+1.7" 1314277 0.00*
4y By 0.00*
316+9.8 192455
Pentraxin-3 (ng/mL) T1T2T3 0.13 = 0.06 0.16+ 0.06 0.83
0.1210.04¥ TR Tr:
0.15+0.04 05440090 ¥

WBC, white blood cell; CRP, C-reactive protein; T1, before anesthesia; T2, 6 hour after anesthesia; T3, 24 hour after anesthesia.
*: p<0.05 in the intergroup comparison

#: p<0.05 compared to preoperative values in the intragroup comparison

¥: p<0.05 compared to 6th hour after operation values in the intragroup comparison

Groups p<0.05*
- —i
[C]Spinal Anesthesia ¥

B General Anesthesia

p<0.05*

i

4007

p>0.05

Pentraxin-3 levels (ng/mL)

T1 (Preop.) T2 (6th hour) T
(24th hour)
Time

Figure 1. The results of intragroup and intergroup statistical comparison of pentraxin- 3 levels of both groups obtained at

the preoperative and postoperative 6 and 24 hour.

*: p<0.05 in the intergroup comparison

#: p<0.05 compared to preoperative values in the intragroup comparison

¥: p<0.05 compared to 6 hour after operation values in the intragroup comparison
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Table 3. Correlation between the PTX3 levels and the WBC, neutrophil, lymphocyte and CRP values.

Parameters

Spinal Anesthesia

General Anesthesia

Pentraxin-3 - WBC T1
T2
T3
T1
T2
T3
T1
T2
T3
T1
T2
T3

Pentraxin-3 - Neutrophil

Pentraxin-3 - Lymphocyte

Pentraxin-3 - CRP

0.68 0.87
0.95 0.85
0.27 0.61
0.16 0.93
0.77 0.87
0.41 0.30
0.17 0.52
0.53 0.45
0.93 0.05
0.01* 0.03*
0.02* 0.04*
0.61 0.09

WBC, white blood cell; CRP, C-reactive protein; T1, before anesthesia; T2,
T3, 24 hour after anesthesia; *:p<0.05.

Serum PTX3 levels: The PTX3 values preoperatively were
comparable between the two groups (p > 0.05). In the
intragroup comparison, the decrease in the SA group was not
statistically significant (p > 0.05), but the increase in the GA
group was statistically significant (p < 0.05) at 6 h
postoperatively compared with the preoperative values.

The PTX3 levels were significantly higher at 24 h
postoperatively than at 6 h postoperatively in all groups (p <
0.05). The PTX3 levels increased significantly in the GA
group, but the increase in the SA group was not statistically
significant 24 h postoperatively compared with the
preoperative values (Table 2). In the intergroup comparison,
GA was significantly higher than SA at both 6 h and 24 h
postoperatively (p < 0.05, Figure 1).

Correlation between laboratory test results: The
correlation of the calculated differences between the effects of
pre- and post-anaesthesia on the PTX3 levels with other
inflammatory markers is shown in Table 3.

The intragroup changes in the PTX3 levels in both the SA and
GA groups did not correlate with the change in the WBC,
neutrophil, lymphocyte and CRP measurements (p > 0.05,
Table 3).

DISCUSSION

In this study, PTX3, which is considered a new acute-phase
reactant, was observed to be significantly elevated in patients
undergoing a C-section through GA during the postoperative
period compared with the preoperative period.

PTX3 is a good indicator of the inflammatory response. The
setting of an infection has been shown to correlate with the
severity of disease (12). In addition, it correlates with the
success of treatment after antibiotic therapy (13, 14). In a
2012 study, Bastrup et al. (12) showed that PTX3 levels in
patients diagnosed with systemic inflammatory response
syndrome (SIRS) correlated with the severity of SIRS, sepsis,
severe sepsis, septic shock and mortality. In 2013, Kleber et
al. (15) found that PTX3 acted as a secondary acute-phase
reactant in patients exposed to polytrauma, with the levels
significantly increased in a period of 24 h.

Medical Science and Discovery, 2021; 8(9):520-525

6 hour after anesthesia;

These studies emphasise the clinical importance of PTX3
levels in both infectious diseases and trauma. In our study, the
PTX3 levels increased more in the GA group than in the SA
group. It is advisable to use regional anaesthesia for suspected
infectious cases that will undergo surgical procedures.
However, data about other factors affecting PTX3 levels are
inadequate.

Anaesthesia implementations affect the immune system (9).
However, to the best of our knowledge, to date, no clinical
studies have been conducted on the effects of anaesthesia on
PTX3 levels.

In this study, we examined two patient groups giving birth
through SA and GA. The PTX3 levels increased significantly
in the postoperative period compared with the preoperative
period in the GA group. Conversely, the PTX3 levels did not
significantly increase in the postoperative period compared
with the preoperative period in the SA group.

This effect of GA on the levels of an inflammatory marker
(PTX3) may be related to several factors. Research on the
effects of volatile anaesthetics on the immune system has
generally consisted of animal studies (16-18). Volatile
anaesthetics in vitro exhibited a dose-dependent inhibitory
effect on neutrophil function, reduced the release of cytokines
from mononuclear cells, reduced the cell proliferation of
lymphocytes and induced apoptosis in lymphocytes (19-21).
However, measuring the effects of anaesthesia and surgery
alone on the immune system in humans is difficult. Many
factors, such as medical history and demographic
characteristics of the patient, type of surgery, tissue properties
and duration of operation, may affect the immune response.
Different anaesthetic agents created different effects on the
immune system in a study attempting to minimise the effect
of surgery in humans (22). The effects of volatile anaesthetics
on lymphocyte function have been reported to be highly
variable. They also inhibit neutrophil chemotaxis and
microbicidal oxidative functions in humans (16, 23). The
effects of propofol have been observed to be generally
protective. Mitsuhata et al. demonstrated that sevoflurane
application led to the release of cytokines, such as interleukin
(IL)-1pB and tumour necrosis factor-a by Natural Killer (NK)
and NK-like cells (24). Nitric oxide administration was
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associated with depression in neutrophil function and
decreased production of mononuclear cells (28). Our study
suggests that the PTX3 increase in group GA may be related
to the use of sevoflurane and nitrous oxide as inhalation
anaesthesia. Kitamura et al. (25) found that sevoflurane
caused lymphopenia in human studies comparing the use of
sevoflurane and propofol, whereas propofol was protective
against lymphopenia. Schneemilch et al. (16) showed a
significant increase in IL-6 levels during and after inhalation
anaesthesia.

Their study compared the effects of total i.v. anaesthesia
(propofol and sufentanil) with those of inhalational
anaesthesia (sevoflurane, fentanyl and N,O) on the immune
system. We used the induction of anaesthesia with propofol
and the maintenance of anaesthesia with sevoflurane in the
GA group. The increase observed in PTX3 levels, which is
consistent with the literature, is likely to be related to
sevoflurane. Moreover, we used fentanyl as an analgesic in
the GA group. Fentanyl generally increases the number of
NK cells but does not contribute to cell activity, which may
have affected the PTX3 increase (22).

In our study, to reduce external factors, we included C-section
cases with similar durations of surgery, those that avoided the
use of drugs because of pregnancy, younger age groups and
those that had no additional diseases. Pregnant women who
had preeclampsia with high PTX3 levels due to endothelial
dysfunction were also excluded from the study (26).

Compared with GA, regional anaesthesia was shown to have
a minimal effect on patients’ immune system in two recent
studies (27, 28). However, there is insufficient information
about the effects of regional anaesthesia on PTX3 levels. To
the best of our knowledge, our study is the first to investigate
PTX3 levels and regional anaesthesia. Again, there is
inadequate information on the effect of surgical procedures on
PTX3 levels. Nevertheless, no significant difference in PTX3
levels was observed between treated and untreated patients
diagnosed with SIRS and sepsis in Bastrup et al.’s study (12).
In our study, the insignificant increase in PTX3 levels in the
SA group suggests that both SA and surgery slightly affect
PTX3 levels. The factors that reduce stress in patients, such
as being awake during SA, hearing the sound of a baby and
watching the baby, should also not be disregarded.

CONCLUSIONS

During a C-section, patients who were investigated for the
effects of GA and regional anaesthesia on PTX3 levels
showed the following results:

1. PTX3 levels in the postoperative period compared
with the preoperative period significantly increased in
patients undergoing a C-section under GA.

2. Changes in PTX3 levels were not observed in the
postoperative period compared with the preoperative period
in patients undergoing a C-section under SA.

3. The levels of PTX3, which is accepted as an acute-
phase reactant, are likely to be elevated in association with
GA in the setting of suspected infectious and inflammatory
cases. Therefore, regional anaesthesia should be preferred.
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ABSTRACT

Objective: At present, there is still no method that can be called the gold standard in
hernia repair. The main objective of this study was to review the rates, including pain and
recurrence, of the most important complications for patient dissatisfaction across different
methods applied by different surgeons.

Material and Methods: Four hundred twenty one patients who were operated on by
three surgeons were retrospectively reviewed with respect to the main complications of
pain and recurrence. Self-adhesive mesh and Lichtenstein repairs were performed by the
same surgeon, whereas Bassini and transabdominal preperitoneal (TAPP) repairs were
performed by separate surgeons.

Results: In all repair types, there were a significant difference between visual analogue
scale (VAS) pain scores on the first postoperative day compared to VAS scores at the
one-month mark (p<0.001). The difference between VAS scores in the first month
according to repair types was statistically significant (p<0.001). There was a significant
difference between repair types and development of chronic pain (p<0.001). Recurrence
rates also showed a statistically significant difference amongst repair types (p=0.001).

Conclusion: Although the Lichtenstein and laparoscopic methods are superior in terms
of recurrence compared to the Bassini method, chronic pain complications from the
Bassini method appear to be acceptable

Keywords: Posthernioraphy pain, Self-adhesive mesh, Bassini repair, Standard mesh,
Posthernioraphy recurrence

INTRODUCTION

Choosing the optimal approach for herniorrhaphy is still a debatable subject. The
preferred methods for herniorrhaphy are tension-free techniques because they have low
recurrence and complication rates (1). Four different methods were conducted by three
surgeons from different generations were compared for complication rates, including pain
and recurrence. Opposed to recurrences, the prevalence of chronic postoperative groin
pain (CPGI), also described as ongoing pain three months after surgery, is still a very
important matter. CPGI rates range from 15% to 53%. Surgical approaches that prevent
chronic herniorrhaphy pain are still discussed in detail, and avoiding CPGI has become a
crucial point of interest in surgical studies that deal with inguinal hernia repair (2,3).

The main parameter for assessment in this study was pain. Pain is a personal experience,
so it is, therefore, difficult to characterise it clearly. Pain has been described by the
International Association for the Study of Pain as “An unpleasant sensory and emotional
experience associated with actual or potential tissue damage, or described in terms of such
damage. Pain has also been described as discomfort that is unrelated to postoperative
infection or previously present causes apart from surgery (4). Different studies have
reported the prevalence of continuing pain following hernia repair to be between 10% and
30% based on established criteria (5).

This study also reviewed complications other than pain, including recurrence; wound
infection, and seroma or haematoma formation, according to the different techniques used
by the three surgeons. The main objective was to present the results and differences
between the three generations.
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MATERIALS and METHODS

Four hundred twenty one patients who were operated on by
three surgeons from different eras at the Yenimahalle research
and training hospital located in the city of Ankara Turkey
between 2016 and 2018 were retrospectively reviewed. All
the hernia repair techniques mentioned in the study were
performed using standard methods under either general or
spinal anaesthesia, according to their type. Self-adhesive
mesh and Lichtenstein repairs were performed by the same
surgeon, whereas Bassini and transabdominal preperitoneal
(TAPP) repairs were performed by separate surgeons. The
following were obtained from each patient’s record: age,
gender, hernia side, hernia type, repair type, postoperative day
one and one-month VAS scores, presence of chronic pain at
the third month follow-up, wound infection, seroma,
haematoma, and recurrence rates. Pain resistance to treatment
was another parameter considered in this study. Pain levels on
the first day of surgery were measured in the hospital,
whereas pain levels at the first and third months were either
assessed over the phone or during follow-up visits. Patients
were asked to “scale” their “present” pain from 0 to 10 using
the VAS. During follow-up visits, pain presence, severity
using the VAS (if present), characteristics (including burning,
stinging, and shooting) , and localisation were reviewed. Pain
seen in the first 24 hours was deemed acute postoperative
pain, whereas pain with a VAS score =3 three months after
surgery was deemed chronic pain. All patients were called for
a follow-up examination by their surgeon on the seventh day
after surgery to check for seromas, haematomas, and wound
infections.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) for Windows 21.0
IBM SPSS Statistics. Parameters without a normal
distribution and comparison of VAS scores with ordinal
distribution according to repair type were assessed using the
Kruskal-Wallis test. Statistically significant results were
compared using the Mann-Whitney U test and evaluated
using Bonferroni correction. For comparison of qualitative
results related with repair types, the chi-square test or Fisher’s
exact test were used to assess the differences between the
results. The Wilcoxon test was used to assess the statistical
significance level of the differences within groups in each
repair type for the first postoperative day and first month
VAS scores. The confidence interval was set at 95% with a
level of statistical significance of p<0.05.

RESULTS

There were a total of 421 patients in this study. The surgeon
who graduated before 1990 (considered the old generation)
and still preferred the Bassini technique operated on 114
patients. The second surgeon who graduated in the 2000s
(considered the middle generation) operated on 115 patients
using regular mesh and 144 patients using self-adhesive mesh
techniques.
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The third surgeon who graduated after 2010 (considered the
new generation) operated on 48 patients with the TAPP
technique. The median age was 46 years old, with the
youngest patient being 19 years old and the oldest being 74
years old. Three hundred eighty-six patients were male, while
the remaining 35 were female. Two hundred thirty-five
patients had right-sided hernias, 158 had left-sided hernias,
and 28 had bilateral hernias. Eighty-three patients had scrotal
hernias. The median hospitalisation period was one day,
except for one TAPP patient who was followed up for seven
days as hematoma developed due to bleeding during surgery.
Table 1 shows the descriptive statistics of the patients
according to their repair types.

VAS scores in total and according to repair type on the first
day and first month of surgery are presented in Table 2 and
Table 3.

Twenty-six out of 421 developed treatment-resistant pain.
There was a significant difference in developing treatment-
resistant pain according to repair type (p=0.008). Paired
group comparisons revealed a significant difference between
standard mesh and self-adhesive mesh repair (p=0.006).

In all repair types, there was a significant difference between
postoperative day one and one-month VAS scores (p<0.001).
One-month VAS scores were significantly lower for all repair

types.

There was also a significant difference in postoperative day
one VAS scores according to repair type (Table 2). Paired
comparisons for repair types showed significant differences
(except for the Bassini-standard mesh repair comparison,
p=0.014).

The difference between one-month VAS scores according to
repair types was found to be statistically significant (p<0.001)
(Table 3). Paired comparisons for repair types revealed
significant differences between the Bassini and self-adhesive
mesh techniques (p=0.001), Bassini and TAPP techniques
(p=0.001), and regular repair and TAPP repair (p<0.001).

Thirty-four out of 421 patients developed chronic pain. There
was a significant difference between repair types and the
development of chronic pain (p<0.001). Paired comparisons
showed a significant difference between the Bassini and
standard repair techniques (p=0.008), standard repair and
TAPP repair (p=0.008), and the standard repair and self-
adhesive mesh repair (p<0.001).

Recurrence rates also showed a significant difference
amongst repair types (p=0.001). Paired comparisons revealed
a significant difference between Bassini and self-adhesive
mesh repair (p=0.002) and Bassini and standard repair
(p=0.001). No statistically significant difference was found
between repair types in terms of postoperative complications
(p=0.45).
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Table 1: General Features

Bassini Repair
n=114

Self-Gripping Mesh
(PROGRIP™) Repair

n=144

Lichtenstein

Repair
n=115

Laparascopic TAPP
Repair
n=48

Age (Range)- year

46 (19-74) 47 (22-74) 47(23-72) 49(25-68)
Gender (M/F)
Male (386/100%) 106(27.5%) 135(35%) 100(25.9%) 45(11.7%)
Female (35/100%) 8(22.9%) 9(25.7%) 15(42.9%) 3(8.6%)
Total (421/100%) 114(27.1%) 144(34.2%) 115(27.3%) 48(11.4%)
Hospitalization time (day) 1(1-3) 1(1-2) 1(1-2) 1(1-7)
Hernia Type
Direct hernia 54(47.4%) 54(37.5%) 59(51.3%) 3(6.3%)
Indirect hernia 54(47.4%) 86(59.7%) 50(43.5%) 18(37.5%)
Bilateral hernia 5(4.4%) 2(1.4%9) 2(1.7%) 12(25%)
Femoral hernia 1(0.9%) 2(1.4%) 4(3.5%) 1(2.1%)
Recurrent hernia 0 0 0 14(29.2%)
Hernia Side
Right hernia 70(61.4%) 76(52.8%) 77(67.0%) 12(25.0%)
Left hernia 44(38.6%) 68(47.2%) 38(33.0%) 8(16.7%)
Bilateral hernia 0 0 0 28(58.3%)
Recurrents
Yes 15(13.2%) 4(2.8%) 2(1.7%) 4(8.3%)
No 99(86.8%) 140(97.2%) 113(98.3%) 44(91.7%)
Treatment Resistant Pain
Yes 9 (7.9%) 4(2.8%) 13 (11.3%) 0
No 105 (92.1%) 140(97.2%) 102(88.7%) 48(100%)
Complications
Hematoma 11(9.6%) 4(2.8%) 9(7.8%) 1(2.1%)
Seroma 11(9.6%) 24(16.7%) 19(16.5%) 11(22.9%)
Wound infection 8(7.0%) 0 6(22.9%) 0
Table 2: Postoperative 1. day VAS
Hernia Repair type VAS (Visual Analog Score)
VAS2 VAS3 VAS4 VASS5 VAS6 VAS7 VASS
Bassini Repair 0 2(2.1%)  6(6.3%)  41(43.6%) 53(58.9%) 11(45.8%) 1(33.3%)
Self-Gripping Mesh (PROGRIP™) Repair  14(77.8%) 77(80.2%) 50(52.1%)  2(2.1%)  1(1.1%) 0 0
Lichtenstein Repair 0 3(3.1%)  22(22.9%) 42(44.7%) 34(37.8%) 13(54.2%) 1(33.3%)
Laparascop ic TAPP
Repair 4(22.2%) 14(14.6%) 18(18.8%)  9(9.6%)  2(2.2%) 0 1(33.3%)
Total 18(100%) 96(100%) 96(100%) 94(100%) 90(100%)  24(100%)  3(100%)

Table 3: Postoperative 1. month VAS

Hernia Repair Type

VAS (Visual Analog Score)

VASO VAS1 VAS2 VAS3 VAS4 VAS5
Bassini Repair 7(63.6%) 13(18.6%)  36(19.5%)  28(26.2%) 21(53.8%)  9(100%)
Self-Gripping Mesh (PROGRIP™) Repair 1(9.1%) 19(27.1%)  85(45.9%)  35(32.7%) 4(10.3%) 0
Lichtenstein Repair 3(27.3%)  16(22.9%) 47(25.4%) 36(33.6%)  13(33.3%) 0
Laparascopic TAPP Repair 0 22(31.4%) 17(9.2%) 8(7.5%) 1(2.6%) 0

DISCUSSION

This study is one of the rare studies comparing the methods of
3 different generations of surgeons. This study compares the
older bassini hernia repair with self-adhesive mesh repair,
standard mesh repair, and, currently, the more commonly
used laparoscopic hernia repair. Although there are studies
that compare the two previous methods, we have a surgeon in
our clinic from the older generation who still uses the Bassini
technique, even though newer generations of surgeons don’t
use it, so we were able to compare four different methods and
their outcomes.

Medical Science and Discovery, 2021; 8(9):526-530

The main objective parameters were pain and recurrence. We
evaluated long-term comparative results for pain as
recommended by the European Hernia Society (6), and found
a treatment- resistant pain rate of 6 %. Most patients localised
their pain within the pubic tubercle. Postoperative inguinal
pain is one of the most important complications seen in hernia
repair surgery today (7). The main reason for groin pain is
either injury or irritation to the genitofemoral, ilioinguinal, or
iliohypogastric nerves which innervate the structures within
the inguinal channel (8).
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Post-herniorrhaphy pain can be acute or chronic. Acute pain
is frequent in almost all hernia surgeries and changes from
light to moderate severity during rest and movement (9).
Chronic postoperative treatment-resistant pain rates have
been reported as 3% and 10-12% (10). Current evidence
suggests the aetiology of CPGI may be perioperative nerve
damage, postoperative fibrosis, or mesh-related fibrosis.

Self-adhesive materials were manufactured to prevent the
damage caused by invasive equipment, such as sutures and
staples (3). We think the main cause of postoperative chronic
pain is nerve damage which can happen during dissection of
the hernia sac from the cord elements in the Bassini technique
and during mesh fixation in standard or self-adhesive mesh
repairs. However, as standard mesh repairs require more
sutures, nerve damage can be more frequent in those
techniques. Likewise, this study found a significant difference
between standard and self-adhesive mesh repairs in terms of
developing treatment-resistant pain. As self-adhesive mesh
repairs require fewer sutures and have a lower risk of pain
due to nerve damage, self-adhesive mesh repairs had a lower
complication rate. Chronic pain results were also similar.

Self-adhesive mesh, like other materials with self-fixation and
semi-absorption properties, is minimally invasive towards
abdominal tissues and has satisfactory results in both open
and laparoscopic repairs (1, 11). This is consistent with our
study results and explains the lower complication rates.

Chronic post-herniorrhaphy pain can have a major impact on
both quality of life and medical costs. No treatment has
shown effective results for this condition, so it is essential to
make a detailed analysis of potential risk factors and
outcomes of different surgical techniques for prevention (12,
13).

The Bassini technique for herniorrhaphy was widely used in
some Europe countries, including at Maastricht University
Medical centre in the Netherlands as the standard procedure
during the 1990s (14). Although this technique is rarely used
today, we have a surgeon in our clinic who graduated in the
1990s and still uses it. We reviewed the results of his
surgeries and compared the results with the techniques used
by middle- and new-generation surgeons. The comparison
revealed no significant difference between the Bassini
technique and standard mesh repair and the Bassini technique
and self-adhesive mesh repair terms of developing treatment-
resistant pain. A study by Bay-Nielsen et al. of 2612 patients
reported no significant difference in pain between standard
mesh repair and tensioned repair without mesh (13). Modern
guidelines do not recommend using larger volume mesh in
herniorrhaphy due to risks of erosion and chronic pain (15).
This can be considered an advantage of the Bassini technique
over mesh repair in terms of chronic pain development risk,
which was observed in the current study.

The VAS was used for pain severity assessment after one
month. When paired comparisons were made, there were
significant differences in all of the following: Bassini repair
vs TAPP repair, Bassini repair vs self-adhesive mesh repair,
self-adhesive mesh repair vs standard mesh repair, self-
adhesive repair vs TAPP repair, and standard mesh repair vs
TAPP repair. The only comparison with no significant
difference was standard mesh repair vs Bassini repair. Pain
and analgesic use were reportedly lower during the early
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postoperative period in laparoscopic repairs compared to
Bassini repair (14, 18). Although most mesh supporters argue
that tension-free repair causes less pain during the acute
postoperative period, there is no clear evidence that supports
this claim (19). In accordance with our study results, a study
from 2016 reported less postoperative pain with ProGrip
mesh repair than with standard mesh repair (18). However,
laparoscopy requires the patient to be under general
anaesthesia. Most conventional hernia repair methods can be
performed under local or regional (epidural or spinal)
anaesthesia (16). We believe the main reason for the
increased VAS pain scores on the first day of surgery is its
Bassini repair characteristic. The surgeon who chooses
Bassini repair has no laparoscopic experience, and even
though he can use standard mesh techniques, he prefers the
Bassini method. It is highly likely that he is very well-versed
in this technique and can carry it out with ease. Since there is
no gold standard for herniorrhaphy, it is reasonable to use this
technique. The VAS was used to assess pain severity at the
end of the first month. The results showed that pain subsided
over time in all groups, regardless of the technique used,
which is consistent with the literature (7, 19). There was no
significant difference in first-month VAS scores for Bassini
repair vs standard mesh and self-adhesive repair vs standard
mesh repair. Similarly, a study by Bay-Nielsen et al. reported
no significant difference in first month results between repairs
with or without mesh (13). Another study found no
significant difference in VAS scores between Bassini and
laparoscopic repairs six weeks after surgery (14).

The gold standard for hernia repair cannot be determined until
a technique that prevents recurrence is clearly defined. In this
study, the recurrence rates were 13% for Bassini repair, 8%
for TAPP surgery, 3% for Self-adhesive mesh repair, and 2%
for standard mesh repair. The reason why these recurrence
rates are relatively higher when compared to the literature is
that we followed up our patients for complications for more
than two years. The literature reports that a three-year follow-
up period is required to make a clear assessment of
recurrences (13). There was a significant difference between
the four groups when recurrence rates were compared. Paired
comparisons between the groups found a significant
difference for Bassini repair vs self-adhesive mesh repair and
standard mesh repair in terms of recurrence rates. Standard
mesh repair is more common than Bassini repair because of
its lower recurrence rate. Self-adhesive mesh causes less
fibrosis formation, so it may potentially cause higher
recurrence rates. However, prospective and meta-analysis
studies comparing ProGrip with conventional mesh
techniques cannot confirm different recurrence rates (20-21).
In our study, we were also unable to find a statistically
significant difference for ProGrip vs standard mesh repair,
with the recurrence rate being slightly higher with the
ProGrip technique, which is consistent with the literature. We
reported a recurrence rate of 13% for the Bassini technique,
which is similar to the literature (22).

Another curious finding in our study is that, there was no
statistically significant difference in recurrence rates between
Bassini and laparoscopic repairs. These results might be
explained by the fact that the laparoscopic surgeon had just
finished his surgical training. No matter which technique is
used, our study once again demonstrated the importance of
experience in hernia repair.
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ABSTRACT

Objective: Adolescence is a critical period for the maturation of neurobiological
processes that underlie higher cognitive functions and social and emotional behaviour.
However, there are limited studies that investigated brain volumes in healthy adolescents
and young persons. The aim of this study was to compare the Grey Matter (GM), White
Matter (WM) and some specific brain subcortical volumes such as hippocampus and
amygdala between healthy adolescents and young groups by using VolBrain.

Material and Methods: Magnetic resonance imaging brain scans were retrospectively
obtained from 20 healthy adolescent and young subjects. The mean ages of the
adolescent and young persons were 13+1 and 24+2, respectively. Brain parenchyma (BP),
GM, WM and asymmetry features were calculated using VolBrain, and the GM and WM
volumes of each subjects were compared with those of the both groups. The current study
to examine whether regional gray matter (GM), white matter (WM), cerebrospinal fluid
(CSF), some brain subcortical structures volumes differed between healthy adolescent and
young groups. Also, of the whole brain, hemispheres, and hippocampus, amigdala of
adolescent and young subject volumes were measured with an automated method.

Results: We have observed that the young group was found to have a 4 % less in volume
of GM, when compared with adolescent groups.

Conclusion: Our data indicate that quantitative structural Magnetic Resonance Imaging
(MRI) data of the adolescent brain is important in understanding the age-related human
morphological changes.

Keywords: Adolescence, Brain volume, Gray Matter (GM), White Matter (WM),
VolBrain

INTRODUCTION

Adolescence is a critical period for psychological and social development. Second decade
of life includes concurrent pubertal changes and sex-based vulnerabilities (1, 2). This is a
period of physical and cognitive development that finds their identity and learns the
mechanisms of adult personal relationships to cope with various problem behaviours.
However, adolescence is a critical period for maturation of neurobiological processes that
underlie higher cognitive functions and social and emotional behaviour (3) making these
individuals under the risk of the development of major depressive disorder (MDD) that is
a leading cause of inability worldwide with the peak period of onset occurring during
adolescence (4).

In the early postnatal period the number of synapses in the brain, axonal and dendritic
branches, together with myelination increase due to an extreme upsurge of brain volume.
Studies have already revealed that brain volume shows a roughly linear increase in the
White Matter (WM) volumes during the first 25 years of life. In this regards, the
development of WM and Grey Matter (GM) is associated with new connections among
neurons, glial cells, and myelin (5). During adolescence, brain development
characteristically shows significant reductions of cortical gray matter, together with an
increase in white matter (6-8). For instance, Giedd et al. found an increase in white matter
is linearly throughout the development, while gray matter surges at pre-adolescence peak
in the frontal cortex during adolescence, and continues to decrease all through post-
adolescence (7).
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It is known that cortical and global volumes reduce in a linear
manner together with age, while the volume of cerebrospinal
fluid (CSF) increases. Furthermore, it is recognized that mean
total cerebral volume was approximately 10% larger in adult
male subjects compared with adult females (9). During the
adolescence period, hormonal and neurodevelopmental
changes are mediated by the growth of neural processes,
remodeling of synaptic connections, increased myelination in
prefrontal areas, and maturation of connecting subcortical
regions (10).

To the best of our knowledge, there are limited brain
volumetric studies in adolescents that have only included
some mood disorders (10-12). These studies have shown that,
there are critical differences in hippocampus and amygdala
volumes in different neurological and psychiatric disorders in
adolescence, including schizophrenia, temporal lobe epilepsy,
depression, and bipolar disorder (13). Considering all of these
findings, we aimed to compare the GM, WM, and some
specific brain subcortical volumes such as hippocampus and
amygdala between healthy adolescents and young groups by
using VolBrain.

MATERIALS and METHODS
Study Population and Design

Patients

A total of 20 healthy female and male patients were included
in this study. The average age of the male (n=5) and female (n
=5) in the adolescent grouping was 13+1.1 and 14 1.5,
respectively. The average ages of the male (n=5) and female
(n=5) of the young group were 25+1.8 and 24.4 + 2.5 years,
respectively. All subjects were right-handed and healthy
without known neurological or psychological disorders. No
significant age variations between males and females were
present in either of the groups.

This study was performed at the Radiology and Anatomy
Departments in Alanya Alaaddin Keykubat University,
Alanya Training and Research Hospital. Informed consent
form (written) were supplied by their surrogates' for all
patients. This study was approved by the local ethics
committee of scientific researches of Alanya Alaaddin
Keykubat University Faculty of Medicine (Ethics committee
decision number: 2018/3)

Neuroimaging

Neuroimaging was performed using a 1.5 T MRI device (GE,
SIGNA Explorer, General Electric, Mildwaukee, US).
Structural images were acquired using 3D T1 fast spoiled
gradient recalled acquisition in the steady state (FSPGR)
sequence in the sagittal plane, using these parameters: TE=
1,7 msec, TR=5,95 msec, flip angle=12°, acquisition matrix=
256 x 256, FOV=256 mm2, number of slices=170 and slice
thickness=1.0 mm.

VolBrain (https://volbrain.upv.es/ is a web based calculation
of volume aiming to provide automatic analysis of MRI brain
data. VolBrain operates as a black box solution obtaining
anonymized MRI brain volumes in NIFTI format and then
produces a report in pdf format including the volumes of the
main IntraCranial Cavity (ICC) tissues (i.e., CSF, WM and
GM), also providing volume data of macroscopic areas
including cerebellum, brain hemisphere, and brainstem.
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Furthermore, automatic subcortical structure segmentation is
achieved, and the associated label maps and volumes are
delivered. The whole process takes average 12 min. But, the
scan time can vary due to the amount of jobs lined up on the
web-server. The following figure briefly outlines the process
(14). The results can downloadable as PDF file (Figure 1,
Figure 2). We calculated volumes of CSF, WM, GM, brain
hemispheres, cerebellum, and brainstem using volBrain
pipeline, Figure 1 and Figure 2.

Figure 1: TIV, WM, GM, right and left side of the cerebral
cortex in a healthy participant.

volBrain Volumetry Report

Putient 1D Sex Ape Report Date
Job | 5498 Male bl 30-Aug-2019
Thssue type Volumse (cn'/%) Image information
Whate Matter (WM) S87.55 (40.400%) 13229, 457 Onentaton radiologacal
Grey Matter (GM) 681,69 (4687%) 14521, 56.53) Scale factor 078
Cerebeo Spinal Fhad (CSF 185.27 (12.74%) 1537, 1603 SNR 4989
Brain (WM + GM) 1260.24 (87.26%) 8397, 9463
Intracransal Camty (IC 1454 51 (100.00%)
Structure
Cerchrum Total (cw'/%) Right (cm’/%) Left (cow’/%) Asym. %)
HOW12(76.25%) SSSSE (38 %) §53.54 (38.06% ) 03689
7259 _\:':I 4 3633, 41.33) 172 169
M WM GM WM GM WM
577 §31.40 BRH %714 2928 2426
(%72%) (36.53% (19.83% (18.37%) (19.89%) (U817%)
Cerchelum Total (cm'/%) Right (on’/%) Left (om'/%) Asym. %)
13568 (9.33%) 67.08 (4.61% 6860 (4.72%) 223%
863, 1120 428 561 4N, 561 $51,432
M WM GM WM GM WM

042 1526 L 1828 51.59 1701

16.90%) 242%) (3.36%) (1.25%) (3.55%) (L17%)

Figure 2: VVolBrain PDF result.

We downloaded MR T1 data from the scanner, transferred
and processed using different softwares. We saved MR
images as niftii format. For this purpose, we used personal
computer on a 32-bit Dell PC, running Windows 10 operating
system. We used volBrain to calculate volume. Using the
volBrain (http://volbrain.upv.es/) pipeline does not require
any installation, configuration or training. The volBrain
volumetric analysis system works remotely through a web
interface using a SaaS (Software as a Service) model to
automatically provide a report containing volumetric
information from any submitted case. Data analysis focused
on volume (cm?®) in some regions in the brain: GM and WM
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of the cerebral cortex and total brain. The Asymmetry Index
is calculated as the difference between right and left volumes
divided by their mean (in percent) (15, 16).

Asymmetry index is calculated by

(left volumes-right volumes)/mean (left volumes, right vo-
lumes) x 100% Eq.1

Statistical Analysis

All statistical analyses were performed with the SPSS
software package. The whole-brain volume analysis was
performed with two-way analysis of variance (ANOVA)
where, the two factors was sex and age.

The coefficient variation (CV) for the whole-brain volume,
right and left hemisphere, in both adolescent and young
groups, were calculated as the standard deviation of the
volume and then divided by mean volume. Statistical
significance tests were evaluated at a level of significance of
0.05.

RESULTS

The average brain volume was 1356,02+106,04 cm® for
young female, 1290,20+100,54 cm3 for young male,
1276,17+106,44 cm® for adolescence female, and
1390,50+57,784 cm® for adolescence male.

Table 2 and 3 presents adult and adolescents” comparisons for
average and relative volume of WM, GM, and CSF.
Volumetric analyses showed that the young group had less
GM volume than the adolescence group.

According to average GM volume measurements,
approximately 4% volume loss from adolescent to young
participants has been observed (Table 2). No significant
variance was found between sex and age for brain volume.

Figure 3 displays the change in volume in the right and left
hemispheres for adolescence and young female, and male
participants (Figure 3).

Combining the data from the female and male subjects, young
male subjects were found to have 1% volume forfeiture in the
right hemisphere and 2% volume forfeiture in the left
hemisphere for GM. Moreover, male subjects showed higher
left or right hemisphere volume, than females in adolescence
and young participants.

Right and left hemisphere volume was similar in young and
adolescent participants. Detailed hemisphere volume and
relative values are provided in Table 3, 4.

Table 1. Average volume of Brain, GM, WM, CSF (cm?).

We found that there was a significant group—sex effect on
WM volume using two-way ANOVA. This indicates that
group-related brain volume depended on sex. But, no
significant group—sex effect on GM volume using two-way
ANOVA was found, indicating that group brain volumes
were not dependent on sex (Table 5, 6). CV volume values in
adolescent and young groups were between 2 and 12%.

Table 7 shows the descriptive statistics for adolescent and
young groups in subcortical structures asymmetry. Although,
the Amigdala has negative asymmetry among the age related
groups , the statistically important difference was not found.

We found that the young group had slightly less caudate,
thalamus and globus pallidus volumes than adolescence
group. But, there were no statistically important differences
between groups for subcortical structures volumes (p>0.05)
(Table 8).
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Figure 3: Scatterplots of 20 healthy subjects with absolute
WM, GM, brain, cerebral asymmetry, cerebellum,
hippocampus, and amygdala volumes shown as a function of

age (a-f).

WM GM CSF Brain
Adolesence
Female 453.19+48.41 822.98+66.73 150.12+31.36 1276.17+106.44
Male 497.38+37.24 893.11+24.31 136.58+44.26 1390.50+57.784
Young
Female 545.16+32.47 810.86+93.16 132.24+28.17 1356.02+106.04
Male 490.76+£62.43 799.43+46.12 189.12+63.72 1290.20+100.54

Note: Value represents means + standard deviations.
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Table 2. The relative volume of Brain, GM, WM, CSF (%)

Adolesence
female
male

Young
female
male

WM

31.75+£2.00
32.56+0.72

36.78+2.80
33.14+2.66

GM

57.72+1.46
58.62+2.61

54.39+2.32
54.23+2.80

Brain Tissue

10.52+1.93
8.82+2.40

8.83+1.34
12.63+3.36

Value represents means + standard deviations

Table 3. Hemisphere volume values (cm®)

Cerebrum Cerebrum Cerebrum Left Cerebrum

Cerebrum

Cerebrum

Adolescence
Female
Male

Young
Female
Male

Right

556.57+48.4
607.52+24.7

593.98+45.6
565.23+47.5

Right GM

350.67+30.8
381.83+10.6

346.16+39.76
342.82+21.5

Right WM

205.90+21.9
225.69+16.9

247.82+15.5
222.41+28.7

Left

554.37+48.3
606.68+21.3

593.37+47.1
565.31+46

GM

350.82+31.5
382.63+9.60

347.65+39.625
342.07+19.44

Left WM

203.54+21.3
224.05+16.3

245.72+16.14
223.23+30.4

Table 4. The relative volume of hemisphere (%)

CerebrumRight ~ CerebrumR  CerebrumR Cerebrum CerebrumL  Cerebrum L
GM WM Left GM WM

Adolesence

Female 39.01+0.75 24.58+0.7 14.42+0.87 38.86+0.8 24.60+0.86 14.26+0.84

Male 39.84+1.12 25.07£1.2 14.77+£0.25 39.80+1.3 25.13+1.4 14.67+£0.36
Young

Female 39.94+0.43 23.22+0.9 16.72+£1.31 39.89+0.3 23.32+0.9 16.57£1.21

Male 38.25+1.32 23.24+0.9 15.01+£1.18 38.27£1.5 23.20£1.1 15.07£1.42

Table 5. Two way ANOVA of WM volume
Df SS MS F P
Group 1 9104.58 9104.68 3.924 0.065
Sex 1 129.978 129.978 0.056 0.816
Group X sex 1 12149.87 12149.87 5.243 0.036*
Residual 16 37076.29 2317.26
Total 19 58460.82 3076.88
Table 6. Two way ANOVA of GM volume
Df SS MS F p

Group 1 13988.35 13988.35 3.298 0.088
Sex 1 430.07 430.07 1.016 0.329
GroupXsex 1 8314.51 8314.51 1.960 0.181
Residual 16 678.5991 4241.25
Total 19 94470.17 4972.11

Table 7. Subcortical structures asymmetry for Adolescent and Young groups

Adolescence Young
Female Male Female
Mean SD Mean SD Mean SD
Caudate -0,41 1,90 3,85 3,29 3,51 2,98 -0,74 3,65
Putamen -2,50 1,83 -0,66 2,67 -3,31 1,22 -2,12 2,06
Globus Pallidus 3,40 2,53 3,43 5,46 0,67 6,60 0,46 9,11
Thalamus -2,35 3,38 -0,14 5,07 -0,68 3,32 1,51 511
Hippocampus -5,58 7,41 -0,83 4,69 1,95 5,01 -2,89 3,34
Amigdala -8,79 10,17 0,60 17,93 1,58 5,64 -11,69 19,43
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Tablo 8. Average subcortical structures (cm®).

Caudate Thalamus Globus Pallidus ~ Hipocampus  Amygdala
Subject A Y A Y A Y A Y A Y
1 9,55 8,40 14,03 14,04 2,54 2,53 7,39 8,27 1,36 1,80
2 6,51 8,30 11,76 13,34 2,02 2,71 6,87 8,75 1,17 2,05
3 8,88 7,90 11,41 11,70 2,29 2,46 7,87 7,60 1,44 1,89
4 8,45 9,74 12,83 13,53 2,67 2,52 8,22 8,66 1,83 1,74
5 8,37 7,10 14,49 12,92 3,02 2,28 8,58 8,24 1,60 1,57
6 8,00 7,71 12,03 11,78 2,18 2,03 8,70 7,85 2,04 1,24
7 8,06 7,62 13,00 11,22 2,59 2,56 8,35 9,19 1,59 1,46
8 8,70 8,76 14,24 12,41 2,61 2,44 8,54 8,56 2,16 2,12
9 9,59 7,48 13,83 12,59 2,89 2,31 8,18 8,18 1,48 1,55
10 9,22 9,00 13,31 12,33 2,71 2,73 7,93 9,29 1,58 2,11

Art.Ort

St:Dev

A: Adolescence, Y: Young

DISCUSSION

Advances in neuroimaging techniques have enabled us to
study the human brain in new ways. Particularly, magnetic
resonance imaging (MRI) could provide unparalleled
investigation of brain structure and function (17, 18). Most of
the studies on functional or structural changes in the brain of
adolescents with psychiatric disorders, are based on magnetic
resonance imaging (10). However, no consistent results have
been obtained from the few MRI studies of these brain
regions in children and adolescents. Previous neuroimaging
studies have performed into the development of GM, WM
and frontal lobe in children and adolescents (19, 20). The
adolescent brain also remains under development during this
time. Adolescents often engage in increased risk-taking
behaviours and experience heightened emotions during the
puberty; this may be due to the fact that their frontal lobes—
which are responsible for judgment, impulse control, and
planning—are still maturing until the early adulthood (21).

Hariri et al. have shown that amplified prefrontal activity is
related to heightened modulation of the amygdala response to
angry and fearful faces stimuli (22, 23).

Accordingly, adolescents who continued their aggressive
affective behaviour for a longer duration during a conflict
episode with their parents were observed to have enlarged
amygdala volumes (24, 25).

This is consistent with previous evidence suggesting that the
amygdala plays a key role in aggressive behaviour and
angering processing.

Also, an increased baseline of amygdala activity was
observed in aggressive adult populations, while physical
amygdala irregularities in adult psychopathologies were
manifested by aggressive behaviour and impulsivity (24, 25).
Hare et al. (26) suggested that an increased volume of the
amygdala in adolescence may indicate to a predisposition
towards a sustained experience of negative affect that could
impair behavioural and cognitive regulation and thereby lead
to aggressive behaviour. In line with this, Groen et al. (27)
found that the right amygdala and left hippocampus were
significantly enlarged in the autism compared with the control
group while no significant correlations were observed
between age and amygdala or the hippocampus volume.

Medical Science and Discovery, 2021; 8(9):531-537

These findings were confirmed by Blumberg et al. (28),
which revealed that the amygdala and hippocampus were
significantly smaller in the bipolar disorder compared with
the control group. However, many of these studies had small
sample sizes, potentially causing some inconsistencies in
results (29). Indeed, through adolescence, the frontal gray
matter volume visualized by a structural MRI was observed to
shrink while white matter steadily rises (10).

The progression of white and gray matter in adolescent
schizophrenia is retarded from adolescent controls and
gradually deviates from normal control patients to follow a
similar pattern to the irregular development of
neuropathology in adult-onset schizophrenia (30). These
studies finally indicated that longitudinal research is needed
to establish whether a larger amygdala volume during early
adolescence could produce a risk for the development of
psychopathology and aggressive behaviour in adulthood (25).
In our study, we found that adolescence group had slightly
less amygdala volume than the young group. But, there were
no statistically significant differences between the groups. It
is difficult to estimate what caused to this inconsistency.
However, it can be hypothesized that increases in the white
matter might reflect, in part, increased myelination, which
might lead to relative decreases in gray matter volumes.
Accordingly, brain size during adolescence typically shows
significant decreases in cortical gray matter and increases in
white matter (8, 31, 32). Despite these findings, Giedd et al.
(19) stated that frontal and temporal gray matter volumes
peak between 11 to 16 years in girls and boys. Also, the
dorsal lateral prefrontal cortex which is the latest brain
region, start to mature in early of 20s. Thus, structural
volumetric neuroimaging studies have stated that, even
though global brain volume is established by early school-age
(33), the transformation of white and grey matter happens
during adolescence and remains open until early-adulthood
(34). For instance, the hippocampus plays a very important
role in cognitive development in children and adolescents
(13), and white matter volume steadily increases during the
adolescence (19). Also there have been many external factors
(i.e., stroke, trauma) shown to increase the risk of the
development of mood disorders connected with critical brain
regions such as the hippocampus (35-40). Accordingly,
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increased gray matter density of the hippocampus, amygdala,
and the posterior temporal cortex have been already reported
among the adolescence (41, 42). We found that there was
approximately 4% volume loss in GM from adolescent to
young participants volume while there was significant group—
sex effect on WM volume by using two-way ANOVA, which
could mean that group-related brain volume changes were
sex-dependent. However, our results indicated that there were
no statistically differences between groups for subcortical
structures volumes. It has already been shown that there is
total volume forfeiture with age, and cortical volumes reduce
in a linear manner with age as the CSF volumes rise (20). Our
results have the context of the following study limitations;
first, our sample size is relatively small, and further
investigations with a larger sample size might be needed to
endorse the findings in this study. Second, we used automated
segmentation procedures, and we did not compare manual
tracing method although studies have shown that there are no
significant differences between automated segmentation
method and manual tracing of the brain subcortical volume in
the literature (43).

CONCLUSIONS

As a conclusion, our present results suggest that quantitative
structural MR data of the adolescent brain is vital in
determining age-related human brain functioning, which
could help in refining the clinical diagnosis of various
psychiatric disorders characterized with brain volume loss.
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ABSTRACT

Objective: This study aims to evaluate respiratory functions in patients Coronavirus
disease-2019 (COVID-19) with and without pneumonia.

Material and Methods: This single-center, prospective study included a total of 72
patients who were diagnosed with COVID-19 infection as confirmed by real-time reverse
transcriptase polymerase chain reaction (rtPCR). The patients were divided into two
groups according to the physical and thoracic computed tomography (CT) findings as
mild symptomatic patients without COVID-19 pneumonia (n=26) and symptomatic cases
with COVID-19 pneumonia (n=46). Respiratory functions were evaluated by spirometry
in the second and fourth months of the disease onset.

Results: The average age of 72 patients, 41 of whom were men, was 40.5+12.27 years.
Thoracic CT revealed infiltrations compatible with COVID-19 pneumonia in 46 (63.9%)
patients. Hypertension (12.5%) and diabetes (5.6%) were the most common
comorbidities. When the results of the patients with and without pneumonia at the second
and fourth months were compared, there was no significant difference between the forced
expiratory volume in the first second (FEV1) (p1=0,975, p2=0,291), forced vital capacity
(FVC) (p1=0,668, p2=0,481) and FEV1/FVC ratio (FER) (p1=0,378, p2=0,980) values.
When the repeated Anova test was used in the comparison of the two visit differences
between the groups, it was seen that there was no difference in any heading (FVC:
p=0.077; FEV1: p=0.150; FER: p=0.355).

Conclusions: Our study results show no significant difference in the pulmonary function
tests of patients with mild and moderate COVID-19 pneumonia at two and four months,
compared to those without pneumonia However, additional studies are needed for severe
and critical cases.

Key Words: COVID-19, pulmonary function tests, SARS-CoV-2, pneumonia,

spirometry

INTRODUCTION
Research Article In December 2019, several cases of pneumonia of unknown causes were found in Wuhan,
Received 26-08-2021 Hubei province of China, which were later identified as novel coronavirus-2019 (2019-

nCoV), a novel beta-coronavirus belonging to subgenus (1). As its genome is
Accepted 13-09-2021 phylogenetically similar to that of the severe acute respiratory syndrome (SARS) and
Available Online: 16-09-2021 Middle East respiratory syndrome, it is termed as SARS-coronavirus-2 (SARS-CoV-2).
Published 27-09-2021 The World Health Organization (WHO) later named the virus as the novel coronavirus-
2019 (COVID-19) (2). Although COVID-19 involves many tissues in the human body,
the lungs are the main organs affected by the virus. Previous studies have shown that
survivors of SARS and MERS have persistent lung impairment for months or even years
OPEN ACCESS (3-5). The SARS-CoV-2 enters the pulmonary epithelial cells by binding to angiotensin-
converting enzyme 2 (ACEZ2) receptors and induces viral replication, leading to apoptosis
of alveolar type 2 epithelial cells. In addition to its direct cytopathic effect, the presence
of inflammation and elevated cytokine levels cause diffuse alveolar damage and the
formation of fibrin-rich exudates (i.e., hyalin membranes). At the end of this pathological
process, recovery occurs with scarring in the lung epithelium and fibrosis in the lung
parenchyma (6).
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Creative Commons CC-BY-NC 4.0
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Hariri et al. (7) reported that histopathological changes in
asymptomatic cases were less severe than in symptomatic
cases. Theoretically, it is not unexpected that survivors may
have impaired pulmonary functions.

Histopathological findings of lungs are often based on post-
mortem studies in COVID-19. These are already severe and
critical cases. There is a limited number of evidence regarding
the histopathological lung findings of mild and non-critical
COVID-19. The disease course may mild-to-moderate in the
majority of cases worldwide and future studies would shed
light into the lung functions of recovered patients, which
would be helpful to decide treatment and follow-up.
Therefore, in the present study, we included mild-to-moderate
COVID-19 cases.

MATERIALS and METHODS

Study design and study population

This single-center, prospective study was conducted at
Department of Chest Diseases of a tertiary care center
between June 24th, 2020 and December 15th, 2020. Prior to
the study and all diagnostic and therapeutic procedures, all
participants were informed in detail, and a written informed
consent form was obtained. The study protocol was approved
by the local Ethics Committee (No: 2020/0407-Date:
24.06.2020). The study was conducted in accordance with the
principles of the Declaration of Helsinki.

All patients aged between 18 and 65 years with a confirmed
diagnosis of COVID-19 by real-time reverse transcriptase
polymerase chain reaction (RT-PCR) were screened. A total
of 72 patients who had positive RT-PCR from
nasopharyngeal swab samples. As the pulmonary function
tests (PFTs) are aerosol-producing procedures and entail a
risk of infection for both patients and healthcare workers
(HCWs), these tests were avoided in our daily practice during
the COVID-19 pandemic. Only the patients who met the
inclusion criteria of the study underwent PFTs. Those having
myocardial infarction within the last week, stroke within the
past month, decompensated heart failure, malignant
hypertension, undergoing thoracic, abdominal, ear, or eye
operations within the past month, pregnancy, an active
respiratory infection, having difficulties in cooperation with
the HCWs, and those having anatomical chest deformities
were excluded from the study. All patients underwent
thoracic computed tomography (CT). According to the
physical and imaging examination findings, the patients were
divided into two groups as mild symptomatic patients without
COVID-19 pneumonia on CT (n=26) and symptomatic cases
with COVID-19 pneumonia on CT not requiring oxygen
support (n=46). Patients with severe pneumonia defined as
the radiographic evidence of pneumonia, a respiratory rate of
=30 breaths/min, oxygen saturation of <93% without severe
dyspnea at rest and with >50% increase in the lung lesions
within the last 24 to 48 hours; critically ill patients (i.e., septic
shock, requiring non-invasive or invasive mechanical
ventilation, multiple organ failure, and requiring intensive
care) were also excluded from the study.

The CT images were quantitatively evaluated according to the
involvement due to the inflammatory lesions of the total lung
parenchyma and scored as follows: 0 (0%), 1 (1-25%), 2 (26-
50%), 3 (51-75%), and 4 (76-100%).
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Study procedures

Demographic and clinical characteristics and comorbidities of
all patients were recorded. Prior to PFTs, body temperature
was measured, and symptoms were questioned for all
patients. Those who tested negative for two consecutive RT-
PCR within the past 48 to 72 hours underwent PFTs. During
the measurement, a disposable bacterial and viral filters were
used for each patient. The technician who performed the
PFTs complied with the donning/doffing procedures of the
personal protective equipment (PPE). The onset of the disease
was considered the date of the first symptom onset. The PFTs
were repeated at minimum of 60 days and 120 days after the
disease onset, respectively.

All CT images were acquired at the end of inhalation using a
16-slice CT scanner (SOMATOM Scope Power; Siemens
Healthineers, Forchheim, Germany). The PFTs were
performed by technicians in the PFT laboratory using a
spirometer (SpiroLab 111®; MIR Medical International
Research, Rome, Italy). All PFTs were carried out in
accordance with the 2019 American Thoracic Society (ATS) /
European Respiratory Society (ERS) technical statement (8).
The spirometry was performed in accordance with the
prespecified national spirometry and laboratory standards and
repeatability and precision criteria (9). The spirometer was
calibrated on a regular basis. All PFT results were expressed
in percentage of the predicted normal values.

Statistical Analysis

Statistical analysis was performed using the SPSS version
20.0 software (IBM Corp., Armonk, NY, USA). Descriptive
data were expressed as mean + standard deviation (SD),
median (min-max), or number and frequency, where
applicable. The Student’s t-test was used to compare
quantitative variables between the groups. The repeated
measures analysis of variance (ANOVA) was performed to
analyse the difference between the measurements at two-time
points. The chi-square (}2) test was used to compare
categorical variables. The Pearson correlation coefficient was
used to examine the relationship between the quantitative
variables. A two-tailed p-value of <0.05 was considered
statistically significant.

RESULTS

Of the patients, 41 (56.9%) were males, and 31 (43.1%) were
females with an overall mean age of 40.5+12.27 (range, 18 to
64) years. There was no significant difference in the sex of
the patients with and without COVID-19 pneumonia
(x2=1.93, p=0.164). However, the mean age was significantly
higher in the patients with COVID-19 pneumonia compared
to those without (44.91+10.90 years vs. 32.69+10.71 years,
respectively; t=4.60, p<0.001). Thoracic CT revealed normal
findings in 36.1% (n=26) of the patients, while it showed lung
infiltrations compatible with SARS-CoV-2 pneumonia in
63.9% (n=46). The overall mean bodyweight of the patients
was 79.51+15.11 kg, and the mean body mass index (BMI)
was 27.96+5.09 kg/m?. There was a significant correlation
between body weight and BMI and CT positivity (t=3.52,
p<0.001). The baseline demographic and clinical
characteristics of the patients are shown in Tablel.

Comorbidities of the patients are summarized in Table 2. The
most common comorbidities included hypertension (n=9,
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12.5%), diabetes (n=4, 5.6%), and coronary artery disease
(n=4, 5.6%). Only three patients (4.2%) had a previous
history of asthma.

Eleven (15.1%) of the patients were smokers. There was no
significant correlation between smoking and CT positivity
(p=0.735). None of the patients required non-invasive or
invasive mechanical ventilation. The most common
symptoms were fever (n=61, 84.7%) and dry cough (n=38,
52.8%), followed by fatigue (40.3%), myalgia (33.3%),
dyspnea (22.2%), and loss of taste and smell (6.9%). We
found a significant correlation between dyspnea and CT
positivity (¥2=7.95, p=0.005), while there was no significant
relationship between the other symptoms and CT positivity
(p>0.05).

There was no significant difference in the forced vital
capacity (FVC) of the patients with mild and moderate
pneumonia at two and four months, compared to those
without pneumonia (Visit 1. t=-0.431, p=0.668; Visit 2:
t=0.709, p=0.481). In addition, there was no significant
difference in the forced expiratory volume in one second
(FEV1) of the patients with mild and moderate pneumonia at
two and four months, compared to those without pneumonia
(Visit 1: t=-0.032, p=0.975; Visit 2: t=1.063, p=0.291). No
significant difference in the FEV1/FVC ratio (FER) of the
patients with mild and moderate pneumonia at two and four
months, compared to those without pneumonia (Visit 1:
t=0.888, p=0.378; Visit 2: t=0.025, p=0.980) (Table 3). The
FEV1 (>80%), FVC (>80%), and FER (>70%) values were
found to be normal in three patients with a previous history of
asthma at two and four months. There was no significant
difference in the delta-FVC, delta-FEV1, and delta-FER
values between the patients with and without pneumonia
(t=1.794, p=0.077; t=1.455, p=0.150; t=-0.931, p=0.355,
respectively) (Table 3).

According to the repeated measures ANOVA test, there was
no significant difference in the other variables between the
measurements at two-time points (FVC: F=3.218, p=0.077;
FEV1: F=2.118, p=0.150; FER: F=0.867, p=0.355,
respectively) (Table 4).

In the multivariate linear regression analysis, independent
variables such as age, sex, duration, and the first visit
measurements and dependent variables with delta differences
were analysed, and no significant difference was observed.

According to the radiological scoring of all patients, 0 was
assigned to 36% (n=26), 1 to 37.5% (n=27), 2 to 22.2%
(n=16), 3 to 4.2% (n=3), and 4 to 0.0% (n=0) of the patients.
Based on the radiological scoring in an ordinal scale, no
statistically significant correlation between any of the
variables including delta differences was observed (non-
parametric Spearman correlation coefficient, p>0.05).

In addition, there was no statistically significant correlation
between the radiological scores (0-1-2-3) and FEV1, FVC,
FEV1/FVC, peak expiratory flow (PEF), and forced
expiratory flow (FEF)25-75 at two- and four-month
measurements (r=0.08, p=0.947; r=-0.015, p=0.901; r=0.038,
p=0.749; r=-0.044, p=0.716; r=-0.089, p=0.457; r=0.062,
p=0.606; r=-0.054, p=0.650; r=0.065, p=0.587; r=-0.129,
p=0.278; r=0.041, p=0.732, respectively). Similarly, we
found no significant correlation between the radiological
scores (0-1-2-3) and delta-different FEV12-1 (r=-0.067,
p=0.576), delta-different FVC2-1 (r=-0.132, p=0.269), delta-
different PEF2-1 (r=0.163, p=0.173), and delta-different
FEF25-75(2-1) (r=0.043, p=0.718).

Of 46 patients with COVID-19 pneumonia on CT, there were
minimal, but persistent radiographic abnormalities in only
three patients (6.5%). The high-resolution CT revealed
normal findings in the remaining patients. The PFTs yielded
no obstructive or restrictive pattern in the patients with
minimal radiographic sequelae (p>0.05).

Table 1. Baseline demographic and clinical characteristics of patients

Total CT group n Min Max Mean SD p value
n=72 CT() 26 18 50 32,69 10,71
_ ; ; p<0,001
Age (year Mean=40,5 £12,27 _
ge (year) range 18,19 cT(#) 46 22 64 44,91 1090 t=-4,60
Sox Male (n=41); 59.9% CT(-) Female: n=14 (53,8%) Male: n=12 (46,2%) 0=0,164
— 2
Female (n=31) 43.1% CT (+) Female: n=17 (36,9%) Male: n=29 (63,1%) x=193
Total CT group n Min Max Mean SD p value
CT() 26 48 100 71,42 15,087 p<0,001
Weight (k Mean=79,51 +15,11 <0,
ght (ko) CT (+) 46 54 117 84,09 13,212 t=-3,71
CT (- 26 145 187 167,96 8,973 =
Height (cm) Mean=168,68 +9,16 0 p=0,620
CT(+) 46 153 195 169,09 9,342 t=-0,49
» _ CT() 26 17,01 41,38 25,35 541 p=0,001
BMI (kg/m’) Mean=27,96 +5,09 CT(+) 46 21,00 39,54 20,43 430 t=-3,52
_ . CT () 26 100 150 122,69 8,48 p=0,91
SEIP ((urtle) Mean=125,76+13,41 CT (+) 46 100 180 127,50 15,34 t=-1,71
CT (- 26 68 100 75,08 7,205 -
DBP (mmHg) Mean=76,65 +8,85 © p=0259
CT(#) 46 64 100 77,54 9,610 t=-1,14

¥2=Pearson chi-square, t=t-test for equality of means. CT=computed tomography; Min=minimum, max=maximum, SD=standard deviation, BMI=body

mass index, SBP=systolic blood pressure, DBP=diastolic blood pressure.
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Table 2. Comorbidities of patients

] Total % CT_group N % p value
o wr GO R TR
s w80 : s e
Dyspnea 16 22.2 g_: ((+)) 115 332?6 ?;3709?5?
Myalgia 24 333 o ((+)) 14 e F)?SC’)A:EBS
Fatigue 29 40.3 CC;_F ((+)) 290 igg 5?30456:
Loss of taste and smell 5 6.9 CC-'II_' ((+)) Lll :j (gjs?lgrA:Z)
Hypertension 9 125 CC_I'_F ((+)) é 13784 @?ﬁ,’:ﬁ;
Diabetes 4 5.6 CC_: ((+)) Z 8(.)7 (ES%;BS)
Coronary artery disease 4 5.6 CC.IT ((+)) ; Zg (Ei:slh’ggg)
Asthma 3 42 & ((+)) 5 i (glzslhgrog)
Smoker 1 153 g ((+)) S E:i (gfs%;sg)
CT= Computed Tomography.
Table 3. PFT results of patients with and without CT positivity
CT group . Mean % . t-test for equality of means
t p value
conE o we
FEV1 Visit 2 CCTT ((+)) ig 32;32 }éf’é [0S 0,291
FVC Visit 1 & ((+)) P 32?1 ﬁ;g -0:431 0,668
FVC Visit 2 STT ((+)) 421,2 3?,:23 ﬁgi U0 0,481
FER Visit 1 & ((+)) e 1838? ‘5‘122 0888 0,378
aeE o omm
PEF Visit 1 & ((+)) e 0126 To10 -0.069 0,945
PEF Visit 2 CCTT ((+)) ig Zggg‘ 5833 0 0,296
FEF 5.5 Visit 1 g ((+)) ZZ 19062,’2365 32?2 1,143 0,257
FEF 575 Visit2 S S 5 2340 0510 0612
Delta_diff FVC_2 1 Nl ((+)) - OZ%EZ ;ig 1,794 0,077
Delta_diff FEV 2 1 g ((+)) 4212 115687 g:gi 1,455 0,150
e T N
Delta_diff PEF 2 1 g ((,2) ig ﬁé‘g 1222 -1,252 Ut
Delta_diff FEFs 75 2 1 g ((+)) ig }ég ;223 -0,564 0,564

t= t-test for equality of means. CT= computed tomography; SD= standard deviation, FEVV1=forced expiratory volume in one second, FVC=forced vital
capacity, FER= forced expiratory volume in one second/forced vital capacity ratio, PEF=peak expiratory flow, FEF=forced expiratory flow, FEF25-

75=forced expiratory flow at 25-75% of the pulmonary volume.
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Table 4. Frequency of abnormal PFT results and relationship between groups

CT group Total p value

(Fisher’s exact test)

CT(-)

CT (+)

n N 3 3 6
0,
FVC Visit 1 <80%pred %within CT group  11.5%  65%  8.3% 0,661
» N 2 3 5
0,
PUD VI R0 %withinCT group  7.7%  65%  6.9% {000
iy N 2 3 5
0,
FEV1 Visit 1 <80%pred %within CT group  7.7%  65%  6.9% 1,000
i N 1 3 4
0,
FEVIVisit2<80%pred o \iithinCTgroup  38%  65%  5.6% 1,000
iy N 0 0 0
FER Visit 1 <70%pred % within CT group 0 0 0
» N 0 0 0
FER Visit 2 <70%pred % within CT group 0 0 0
iy N 3 5 8
0,
PEF Visit 1 <65%pred % within CT group  11.5%  10.9%  11.1% 1,000
» N 1 3 4
0,
e %within CT group ~ 3.8%  65%  5.6% e
. N 1 3 4
FEFos7s Visit1<65%pred o/ \inin CTgroup  38%  65%  5.6% 1,000
» N 0 2 2
0,
FEF2s7s Visit2 <65%pred o/ inin CTgroup  0.0%  43%  2.8% L
Repeated measures ANOVA (multivariate analysis) F p value
. Visit 1*2 0,754 0,388
Visits* CT group 3,218 0,077
Visit 1%2 0,002 0,965
A3 Visits CT group 2,118 0,150
FER Visit 1*2 (Pillai's Trace) 0,376 0,542
Visits *CT group (Pillai's Trace) 0,867 0,355
PEF Visit 1%2 0,637 0,427
Visits *CT group 1,567 0,215
CEE Visit 1%2 1,077 0,303
s Visits *CT group 0,336 0,564

CT= computed tomography; SD= standard deviation, FEV1= forced expiratory volume in one second, F\VC= forced vital capacity, FER= forced
expiratory volume in one second/forced vital capacity ratio, PEF= peak expiratory flow, FEF= forced expiratory flow, FEF25-75= forced expiratory flow

at 25-75% of the pulmonary volume.

DISCUSSION

From the beginning of the declaration of COVID-19
pandemic by the WHO on March 11th, 2020, a total of
28,637,952 positive cases were identified with 917,417 deaths
until September 14th, 2020 (10). Patients may present with a
wide range of symptoms from asymptomatic or mild disease
to septic shock and multiple organ dysfunction. The disease is
mainly classified into four types: mild, moderate, severe, and
critical (11). The diagnosis of COVID-19 is made based on
clinical findings, as well as laboratory and imaging test
results; however, it is not always possible to establish the
definitive diagnosis due to non-specific nature of the clinical
and imaging signs of COVID-19.

On the molecular basis, the diagnosis is confirmed using RT-
PCR which can qualitatively detect the nucleic acid from the
nasopharyngeal/oropharyngeal swabs (12). The sensitivity of
RT-PCR is 36% for oropharyngeal swabs and up to 63% for
nasopharyngeal swabs (13). However, a single negative swab
test alone does not rule out SARS-CoV-2 infection and there
is still no ideal specimen for the definitive diagnosis of
COVID-19 (14). In repeated negative test results, serologic
testing (i.e., IgM and IgG antibodies) can guide the diagnosis
(15).

The PFTs are useful, non-invasive tests for screening,
diagnosis, and follow-up of respiratory track diseases.
Spirometry is the most common type of PFTs and is a
physiological test that measures the inhalation and exhalation
flow/volumes of air as a function of time (16).
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The most common parameters measured in spirometry during
forced breathing maneuvers include vital capacity (VC),
FVC, FEV, forced expiratory flow (FEF), and peak expiratory
flow (PEF).

Previous studies have demonstrated that SARS-CoV-2
infection can cause a variety of symptoms ranging from mild
infiltration to acute respiratory distress syndrome (ARDS). In
a postmortem biopsy study, Xu et al. (17) reported a case of
COVID-19 who died from ARDS. The histological
examination showed diffuse alveolar damage with cellular
fiboromyxoid exudates and evident desquamation of
pneumocytes and hyaline membrane formation with diffuse
alveolar damage, indicating ARDS. In another postmortem
study, Hanley et al. (18) showed diffuse alveolar damage and
hyaline membrane formation in a COVID-19 case. In
addition, Pan et al. (19) examined the imaging characteristics
of the COVID-19 pneumonia in 63 confirmed cases and
reported fibrous stripes in 11 (17.5%) patients as assessed by
CT imaging. Recent autopsy studies also revealed that the
lungs of the COVID-19 non-survivors were filled with clear
liquid jelly containing probably hyaluronan, which has a high
water-absorption capability (17). Elevated inflammatory
cytokines such as interleukin (IL)-1 and tumor necrosis
factor-alpha (TNF-a) are potent inducers of hyaluronan
synthesis, which are seen in the lungs of COVID-19 cases
(20). In these patients, both the direct cytopathic effect of the
virus and exaggerated inflammatory response caused by
elevated proinflammatory cytokines such as IL-1, IL-6, and
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TNF-a result in damage in the alveolar epithelial cells and
endothelial cells. Consequently, the connection between the
cells is disrupted, leaking into the interstitial and alveolar
spaces, and ARDS develops (10). Elevated cytokine
expression has been shown to induce fibroblast migration and
proliferation, thereby, resulting in lung fibrosis (21). The
ACE?2, itself, acts as a protective protein against the fibroblast
cascade and reduced ACE2 in COVID-19 with increased
angiotensin | and Il contributes to the development of lung
fibrosis. This theory can explain the higher mortality rates in
patients with obesity, hypertension, and cardiovascular
diseases in which baseline ACE2 levels are lower (10).

Incidental histopathological changes were found in the
pathological examinations of 14 patients who were
asymptomatic in terms of COVID-19 and were found to have
new coronavirus infection after lung nodule resection (7). Of
these, Kuang et al. explained that they detected changes such
as interstitial pneumonia and hyaline membrane related to the
new coronavirus in their lung cancer tissue sampling (22).
The majority of cases have been reported proteinaceous

exudate, pneumocyte hyperplasia, irregular chronic
inflammation and focal edema with multinucleated
pneumocytes (23, 24). Hariri et al. reported that

histopathological changes in asymptomatic cases were less
severe than in symptomatic cases (7). In their series of seven
cases by Chai et al., they stated that only one patient had
changes compatible with interstitial inflammation, while there
were no changes associated with SARS-CoV-2 in the other
six patients (25). However, in this study, there is no clear
information regarding the pre-operative presence of COVID-
19 infection in six of the seven cases. These studies have
shown that asymptomatic patients may have mild
histopathological changes. Histopathological changes in
severe and critical cases were revealed by postmortem
studies. However, we do not have enough information about
what kind of histopathological changes occur in symptomatic
mild and moderate cases. On the other hand, it is still unclear
whether these pathological alterations in the lung parenchyma
lead to sequelae in the long-term or how they affect the
pulmonary functions in the mid- and long-term.

In a study, Zha et al. (26) reported two COVID-19 cases who
developed severe ARDS. During three-month follow-up,
although most of the ground-glass opacities resolved, there
were fibrotic changes in bilateral lungs on thoracic CT with
worse lung ventilation compatible with the restrictive
pulmonary disease (FVC: 62.3%, FER: 80.1%). In another
study investigating long-term pulmonary function and
physiological features of 55 COVID-19 survivors, Zhao et al.
(27) excluded critical cases. There were still radiological and
physiological abnormalities in three-fourth of the patients
three months after discharge. Similarly, Mo et al. (28) found
impaired diffusion capacity to be the most frequent
abnormality of lung function in discharged COVID-19
survivors. However, there was no significant difference in the
other ventilatory defects including FEV1, FVC, and FER
among the survivors with different severity of disease. In a
randomized-controlled study, Liu et al. (29) examined the
effect of respiratory rehabilitation training in elderly patients
with COVID-19. The authors reported that this patient
population had different degrees of disorders in respiratory
function after discharge, possibly due to residual fibrotic
lesions and reduced respiratory muscle strength and that
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respiratory rehabilitation could significantly improve the lung
function. Furthermore, Frija-Masson et al. (30) evaluated
functional characteristics of 50 patients with COVID-19
pneumonia one month after infection and reported impaired
lung function with a mix of restrictive and low diffusion
patterns in more than half of the patients, indicating no
association with the severity of the disease. In our study, we
found no significant difference in the FVC of the patients
with mild and moderate pneumonia at two and four months,
compared to those without pneumonia (Visit 1: t=-0.431,
p=0.668; Visit 2: t=0.709, p=0.481). In addition, there was no
significant difference in the FEV1 pneumonia (Visit 1: t=-
0.032, p=0.975; Visit 2: t=1.063, p=0.291) and FER (Visit 1:
t=0.888, p=0.378; Visit 2: t=0.025, p=0.980) of the patients
with mild and moderate pneumonia at two and four months,
compared to those without pneumonia. In addition, the
repeated measures ANOVA test revealed no significant
difference in the other variables between the measurements at
two time points (FVC: F=3.218, p=0.077; FEV1: F=2.118,
p=0.150; FER: F=0.867, p=0.355, respectively). These results
are consistent with the findings of Mo et al. (28) At the time
of the first visit, abnormalities were observed in FVC (68 to
78%pred) in six patients (8.3%) and in FEV1 (71 to 78%pred)
in five patients (6.9%), while, the FER value was normal
(>70%pred) in all patients. This finding indicates mild
restrictive spirometric patterns. In four patients (5.5%), the
FEF25-75 was abnormal (46 to 64% pred), compatible with
small airway obstruction. At the time of the second visit,
abnormalities were seen in FVC (66 to 76%pred) in five
patients (6.9%) and in FEV1 (69 to 76%pred) in four patients
(5.5%); however, the FER value was normal in all patients. In
only two patients (2.8%), the FEF25-75 was abnormal (55 to
62%pred), compatible with small airway obstruction. On the
other hand, there was no statistically significant difference
between the patient groups at two different time points
(p>0.05). We also found no significant difference in the delta-
FVC, delta-FEV1, and delta-FER values between the patients
with and without pneumonia (p=0.077, p=0.150, and
p=0.355, respectively).

Based on the radiological scoring in an ordinal scale, no
statistically significant correlation between any of the
variables including delta differences was observed (non-
parametric Spearman correlation coefficient, p>0.05).

Although there was no significant difference in the sex
between the patients with and without COVID-19 pneumonia
(p=0.164), the mean age was significantly higher in those
with pneumonia (p<0.001). This can be attributed to the fact
that viruses have the ability to penetrate into the alveolar
epithelial cells easily due to decreased mucociliary activity in
advanced age, thereby, leading to the reduced regenerative
capacity of the alveolar epithelial cells (6).

In a large-scale meta-analysis, the most common symptoms
of COVID-19 were fever (81.2%), dry cough (62.9%),
dyspnea (26.9%), and loss of taste (25.4%) (31). In our study,
the most frequent symptoms were fever (84.7%), dry cough
(52.8%), fatigue (40.3%), myalgia (33.3%), dyspnea (22.2%),
and loss of taste and smell (6.9%). Although we observed no
significant difference in the fever, dry cough, myalgia, and
fatigue between the patients with and without COVID-19
pneumonia, we found a significant correlation between
dyspnea and CT positivity (p=0.005). This finding is also
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consistent with one of our previous reports including 206 RT-
PCR-confirmed COVID-19 cases and showing a link between
critical illness and CT positivity (32).

Limitations

The main limitation of the present study is the lack of
homogeneous distribution of the patients between the groups
and the relatively small sample size in the mild symptomatic
patient group without COVID-19 pneumonia. In addition, the
pulmonary functions of the patients before COVID-19
infection are not fully known, which may have led to
incomplete interpretation of the measured values during the
study. The unequal number of patients in each radiological
scoring group is also another limitation which may have led
to bias in the statistical calculation. Further prospective
studies are warranted to gain a better understanding of the
respiratory functions in severe and critical cases with SARS-
CoV-2 pneumonia including those having 3-4 radiological
scores.

CONCLUSION

In conclusion, our study results showed no significant
difference in the PFT results of the patients with confirmed
mild and moderate COVID-19 pneumonia at two and four
months, compared to those without pneumonia. No
obstructive or restrictive spirometric patterns were observed.
However, further large-scale studies are needed in severe and
critically ill pneumonia cases.
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ABSTRACT

Objective: In critical care patients, the nutritional status is related to many factors such as
existing co-morbidities, nutritional history, and the current disease. It is crucial to apply a
comprehensive nutritional assessment and to start nutritional support as soon as possible
in intensive care unit(ICU) where malnutrition is common. There are many studies on the
association between modified Nutritional Risk in Critical Patients (NNUTRIC) score and
outcome in ICU patients but the effectiveness of tools for risk assessment is still remains
unclear. We aimed to define the correlation between the mNUTRIC score and 28-day
mortality in patients with chronic obstructive pulmonary disease (COPD) in ICU.

Materials and Methods: The admission of COPD patients to the respiratory ICU in 2018
were determined retrospectively. Demographic data of all patients, body mass index
(BMI), mNUTRIC scores, Acute Physiology and Chronic Health Assessment Il
(APACHE 1I), Sequential Organ Failure Assessment (SOFA) scores, Charlson
Comorbidity Index (CCI), time from patient ward to ICU admission, sepsis parameters
including C-reactive protein (CRP) and procalcitonin, ICU length of stay (LOS ICU),
vasopressor use, and 28-day mortality were recorded.

Results: 159 COPD patients were involved in the study. Age, CCl, day from patient ward
to ICU admission, SOFA score, APACHE Il score and 28-day mortality were detected to
be statistically higher in patients with mMNUTRIC = 5 (p < 0.05).

Conclusion: The mNUTRIC score could be an proper method for nutritional risk to
predict prognosis in critically ill COPD patients.

Keywords: Modified NUTRIC score, Chronic Obstructive Pulmonary Disease,
Nutritional risk, Intensive care unit, 28-Day mortality

INTRODUCTION

Malnutrition in critical patients adversely affects the course of the intensive care unit
(ICU) patients and also related with poor outcomes (1, 2). In patients ICU admission, the
nutritional status is related to many factors such as existing co-morbidities, nutritional
history, and the current disease requiring ICU. This is associated with a 5-25% loss of
lean body mass, depending on the severity of the current clinical condition, within 10
days after admission to ICU (2, 3).

It is crucial to apply a comprehensive nutritional assessment and to start nutritional
support as soon as possible in ICU where malnutrition is common. Although many
nutritional assessment tools are practiced in clinical setting, the effectiveness of these
tools is still controversial (2, 4, 5).

Various nutritional risk assessment tools such as Nutritional Risk in Critical Patients
(NUTRIC) score, malnutrition universal screening tool (MUST), Nutritional risk
assessment (NRS-2002) have been employed in critical patients (2, 3). MUST score is
comprehended body mass index (BMI), in past six months percentage of weight loss, and
disease effect. The NUTRIC score, first enhanced particularly for patients in ICU; to
recognize who would advantage from aggressive nutrition by correlating starvations,
inflammation, and consequences (6).
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Initially, the parameters forming the NUTRIC score included
IL6 level, but due to the difficulty and high cost of studying
this parameter in the clinical setting, the modified NUTRIC
(mMNUTRIC) score was determined by removing IL6. The
NUTRIC score consists of five parameters including age,
comorbidities, length of stay ICU, Acute Physiology and
Chronic Health Assessment I (APACHE I1) and Sequential
Organ Failure Assessment (SOFA) scores.

Many studies investigate the association between mMNUTRIC
score and outcome in heterogenous ICU patients. Chronic
Obstructive Pulmonary Disease (COPD) is one of the most
important chronic diseases which cause significant mortality
and morbidity worldwide. Poor nutritional status is very
common in COPD, and it affects the course of disease in
negative way. Admission to ICU is quite common in COPD
patients due to acute attack, and this situation, when
combined with poor nutritional status, pessimistically affects
the outcomes of the patients.

In this study, we aimed to define the correlation between the
MNUTRIC score and 28-day mortality in COPD patients who
have ICU admission due to acute exacerbations of COPD
(AECOPD). Secondary aim of this study was to evaluate the
effect of MUST, NRS-2002, and other severity risk scoring
system commonly used in ICU in these patients.

MATERIALS and METHODS

After ethical committee approval (04/19/2019-624) this study
was conducted with the data analysis of critically ill
AECOPD patients admitted to the respiratory ICU in 2018.
We obtained informed consent from the patient or the legally
responsible relatives. The data were collected from the
medical records of the patients.

Inclusion criteria determined as; patients with a diagnosis of
COPD, and admitted to ICU due to AECOPD. Patients who
were hospitalized from another center or transferred to
another center for any reason, which had multiple
comorbidities like malignancy, who had multiple admission
to ICU, and who received mechanical ventilation (MV) less
than 24 hours were excluded from the study (Figure 1).

Demographic data of all patients, Charlson Comorbidity
Index (CCI), time from patient ward to ICU admission, sepsis
parameters including procalcitonin and C-reactive protein
(CRP), body mass index (BMI), parameters used in
MNUTRIC score, ICU length of stay (LOS ICU), vasopressor
use, and 28-day mortality were recorded. We also determined
the MUST, NRS-2002, and mNUTRIC scores.

Physicians calculated the mNUTRIC and MUST score for all
patients and mMNUTRIC score of above and below 5 were
standardized. Malnutrition risk was considered high in
patients with mMNUTRIC score = 5.

Statistical Analysis

Data analyses were performed by using SPSS for Windows,
version 22.0 (SPSS Inc., Chicago, IL, United States).
Whether the distribution of continuous variables was normal
or not was determined by Kolmogorov Smirnov test. Levene
test was used for the evaluation of homogeneity of variances.
Unless specified otherwise, continuous data were described as
mean + standard deviation for normal distributions, and
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median  (minimum - maximum value) for skewed
distributions. Categorical data were described as number of
cases (%).

Statistical analysis differences in normally distributed
variables between two independent groups were compared by
Student’s t test, and Mann Whitney U test were applied for
comparisons of the not normally distributed data. Categorical
variables were compared using Pearson’s Chi-Square test or
Fisher’s exact test.

First of all it was used univariate logistic regression with risk
factors that is thought to be related with mortality. Risk
factors that has p-value < 0.25 one variable logistic regression
was included to model on multivariable logistic regression.
Whether every independent variables were significant on the
model was analysed with Wald statistic. It was evaluated with
Nagelkerke R2 how much independent variable explained
dependent variable. Besides, it was evaluated model
adaptation of estimates with Hosmer and Lemoshow model
adaptation test. Receiver operating characteristic (ROC) curve
analysis was used to determine the cut-off points. It was
accepted p value < 0.05 as a significant level on all statistical
analyses.

RESULTS

This study was conducted with the data analysis of 351
critical ill patients in respiratory ICU in 2018. The 235 of
these had history of COPD. The 76 of these patients did not
meet the inclusion criteria and were excluded from the study.
The 100 (62.9%) males and 59 (37.1%) females were
involved in the study, and the mean age was 70.92 + 11.11
years.

Age, CCI, day from patient ward to ICU admission, SOFA
score, APACHE Il score, MUST score, NRS-2002 and 28-
day mortality were found to be statistically significantly
higher in those with mMNUTRIC = 5 (p<0.05) , (Table 1).

When patients evaluated in terms of 28-day mortality, the
mNUTRIC score (p < 0.002), MUST (p < 0.001), SOFA
score (p<0.001), APACHE Il (p<0.001) score, CRP (p <
0.002), and procalcitonin (p< 0.020) was found statistically
significantly higher (Figure 2), (Table 2). The MV day was
not statistically significant in terms of 28-day mortality (p >
0.072), (Table 2).

The logistic regression (LR) analysis was utilized to evaluate
the factors affecting 28-day mortality. Variables with p < 0.25
as a result of univariate analysis were applied to the
multivariate analysis. Backward LR method was used in
multivariate analysis. The values indicated in the Table 3
belong to the sixth step, which is the last step. Here the
interpretation is made according to the results of multiple
analyzes, p < 0.05 are considered significant. The Nagelkerke
R2 is desired to be between 0.20 and 0.40, because it is in this
range, it is understood that the model established is
meaningful, and p > 0.05 in the Hosmer and Lemoshow test,
and the model has a good fit with the data. SOFA score and
CRP value appear to have an effect on mortality. Increasing
the SOFA score by one unit increases the risk of mortality
2.469 times. One unit increase in CRP increases the risk of
mortality by 1,058 times.
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The ROC analysis for mortality, the area under the process
characteristic curve (AUC) in terms of mNUTRIC score was
calculated as 0.741, and the mNUTRIC score was statistically
significant in determining mortality in cases. In order to
answer the question of which value should be taken as the
cut-off value for this test, each sensitivity and specificity

values given as a result of the analysis were examined and the
optimum point was chosen. The cut-off value was calculated
as 5.5 with a sensitivity of 75.5% and a specificity of 65.1%.
It shows that the risk of mortality was higher in patients with
MNUTRIC score above 5.5 (sensitivity %75.5 and
specificity %65.1) (Figure 3).

351 patients were admitted to ICU in 2018

!

235 patients had COPD history

44 patients received NIMV

- 8 patients hospitalized from or transferred to another center
- 7 multiple admission to ICU

- 17 patients have malignancy and COPD comorbidities

159 patients were analyzed

Figure 1: Flow chart of the patients

Table 1: Demographic and clinical characteristic of patients

MNUTRIC Score

<5 (n:46 >5 (n:113) P
Age (years) 63.43+7.76 73.97 £10.85 <0.001
BMI(kg/m?) 24.5(13.3 - 40.6) 26.0(13.8- 49.9) 0.149
Gender Male n(%) 30 (65.2%) 70 (61.9%) 0.699
Female n(%) 16 (34.8%) 43 (38.1%) '
CCl 4(2-7) 6 (3-13) <0.001
ICU LOS(day) 4 (2-20) 5(2-50) 0.246
Days from ward to ICU 272 +4.01 4.60 £ 6.90 0.034
Vasopressor use 7 (15.2%) 33 (29.2%) 0.065
MV/(day) 4(1-21) 5(1-50) 0.298
CRP (mg/L) 3.10(0.08-33.6) 3.74 (0.01-34) 0.770
Procalcitonin(ng/ml) 0.16 (0.01-14.5) 0.26 (0.01-97) 0.266
SOFA Score 54-7) 6(4-12) <0.001
APACHE II Score 17 (10 - 27) 23 (12 - 43) <0.001
MUST Score 10 (21.7%) 83 (73.5%) <0.001
NRS -2002 4 (2-6) 5(3-6) 0.004
28-day mortality 7 (15.2%) 46 (40.7%) 0.002

mNUTRIC: Modified Nutritional Risk in Critical Patients. BMI: Body mass index, CCI: Charlson Comorbidite Index, ICU: Intensive care unit, LOS:
lenght of stay, MV:mechanical ventilation, CRP: C-reactive protein, SOFA: Sequential Organ Failure Assessment, APACHE I1: Acute Physiology and
Chronic Health Assessment I, MUST: Malnutrition universal screening tool, NRS- 2002: Nutrition risk screening

28- day
mortality
100
80
60
40
20
0
0 1 2 3 4 5 6 7 8 9
Patient No: 0 0 3 21 22 36 37 28 8 4
Mortality : 0 0 33.3 14.3 13.6 16.7 405 536  75.0  100.0

Figure 2: Correlation between mNUTRIC score and 28-day mortality
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548



Doganay et al

@ http://dx.doi.org/10.36472/msd.v8i9.599

Table 2: Correlation between 28-day mortality and scoring systems, MV day, CRP, and procalcitonin

28 Day Mortality

No Mortalit Mortalit P
mNUTRIC Score 67 (63.2%) 46 (86.8%) 0.002
MUST Score 52 (49.1%) 41 (77.4%) 0.001
SOFA Score 5(4-9) 7(4-12) <0.001
APACHE Il Score 20.05+£4.79 25.40 = 6.90 <0.001
MV/(day) 4 (1 -50) 5(2 - 34) 0.072
CRP(mg/L) 2.38(0.01-33.60) 5.05 (0.05-34) 0.002
Procalcitonin(ng/ml) 0.20 (0.01-14.50 0.30 (0.01-97) 0.020

mNUTRIC: Modified Nutritional Risk in Critical Patients, MUST: Malnutrition universal screening tool, SOFA: Sequential Organ Failure Assessment,
APACHE I1: Acute Physiology and Chronic Health Assessment Il, MV: mechanical ventilation, CRP: C-reactive protein

g
5
-ll'Snuﬂ(R’y
Std Confidence
Area ’ p Interval Sensitivity  Specificity
Error ; off z '
%95
0.741 0.043 <0.001 0.656-0.826 5.5 %75.5 %65.1
Figure 3: The ROC analysis for mortality, the area under the process characteristic curve (AUC) in terms of mNUTRIC
score
DISCUSSION

In this study, we defined that the mNUTRIC score could be a
risk assessment tool for critically ill AECOPD patients to
predict mortality. We also found that MUST, SOFA,
APACHE |1 scores, CRP, and procalcitonin affect the 28-day
mortality like MNUTRIC score.

Undernourished status is quite common in COPD patients,
and this situation affects approximately one-third of patients
which are associated with poor outcomes (7). Therefore,
many critically ill AECOPD patients are undernourished in
ICU or on the ward. In such cases, that is important to be able
to identify who would benefit from adequate nutritional
support. Clinicians should decide early whether the patient
needs nutritional support. Even if different nutritional
estimation tools have been used in clinical practice, the
MmNUTRIC score is an important scoring system that can use
to evaluate the risk of malnutrition recently. Furthermore, it
is a useful prewarning marker (2, 4, 6). Ozbilgin et al.
determined that the mNUTRIC score was a good predictor of
both mortality and morbidity in the postoperative acute care
unit (8).

Medical Science and Discovery, 2021; 8(9):546-550

Although studies on mNUTRIC were conducted in
heterogeneous patient groups, we also observed that the
mNUTRIC score was an effective parameter in predicting
mortality in our study involving AECOPD patients.

Since the severity of the disease in the ICU also negatively
affected nutrition, those with a mNUTRIC score of 5 and
above had higher ICU severity scores including APACHE Il
and SOFA. The mNUTRIC score can be a useful tool for
optimizing clinical nutrition practices in the ICU setting and
evaluating patients' response to nutritional support.

The LOS ICU and duration of MV had been studied by the
researchers (9-11). Mendes et al. (9) found that, patients with
high mNUTRIC scores had a long LOS ICU and high
mortality. Moretti et al. (10) also found similar results in a
study they conducted. Rahman et al (11) suggested; patients
with high mNUTRIC scores had longer LOS ICU and the
mortality rate was 31% in this group. In our study, in addition
to these parameters, we also evaluated the duration of ward to
ICU. Mortality rate and duration of the ward to ICU were
higher in patients mMNUTRIC score = 5, but LOS ICU was
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similar in both groups. Ward to ICU time was also evaluated
in our patients in order to assess the ongoing poor nutritional
status of COPD patients. Loss of muscle and fat mass in
COPD patients is a natural consequence of chronic long-term
illness. In addition to poor nutritional status, particularly in
COPD patients, adequate nutritional support might be
underestimated during hospitalization. As seen in our results,
we observed that patients with high mNUTRIC scores also
had longer hospital ward stay. This suggests that, especially
in COPD patients who admitted to ICU, it would be
appropriate to consider the LOS hospital when nutritional
support is determined.

This study showed that MUST, mNUTRIC, APACHE IlI,
SOFA scores, CRP, and procalcitonin value influenced the
mortality. Already, the mNUTRIC scoring system includes
the SOFA score, which is used to determine the risk of organ
dysfunction and death in ICU patients (12). The study by
Coltman suggested that ICU severity scores (APACHE Il and
SOFA) were important factors like mMNUTRIC score
contributing to LOS ICU (4). Therefore, the correct
identification of malnourished patients using the mNUTRIC
score provides a more appropriate application of nutritional
support and can thus reduce LOS.

Ping Zhang et al. (13) accomplished a study on Coronavirus
Disease 2019 (COVID-19) patients, and they found that 28-
day mortality was higher in patients with a high nutritional
risk score in ICU admission. Kalaiselvan and colleagues (14)
studied on ICU patients who need MV and they found that
nearly half of MV patients are at nutritional risk, and high
MNUTRIC scores increases LOS ICU and mortality. Our
study indicated that, there is a high nutritional risk in COPD
patients admitted to the ICU and higher mNUTRIC scores
increase 28-day mortality.

We have several limitations in this study. First this study was
retrospective study and the representation of the groups with
high and low mNUTRIC scores had a limited number. In
addition, mMNUTRIC score calculation was based solely on
the clinically specified by the physicians, and a large group of
COPD patients receiving non-invasive MV was excluded.

CONCLUSION

The intensive care severity scores and 28-day mortality rates
increase in critically COPD patients with high mNUTRIC
score. Malnutrition due to sepsis affects critically ill patients
even more negatively. As a result, the mNUTRIC score may
be an appropriate tool for nutritional risk assessment and
prognosis prediction in critically ill AECOPD patients.
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ABSTRACT

Objective: Hyperglycemia caused by Diabetes Mellitus (DM) is associated with long-
term dysfunction such as diabetic retinopathy (DRP). The most effective growth factor in
the development of DRP is the vascular endothelial growth factor (VEGF). Vitamin K1
reduces hyperglycemia and prevents the development of DM. In this study, we aimed to
create streptozotocin (STZ) induced DM and DRP in chick embryos and to show whether
vitamin K1 can prevent early-stage DRP by measuring VEGF levels.

Material and Methods: The 140 specific pathogen-free (SPF) fertilized chicken eggs
were used in this study. Three different STZ doses were administered to 120 SPF eggs for
an induced DM model. Three different vitamin K1 doses were administered in each STZ
dose group. On the 12th day and 18th day the remaining 20 SPF eggs were separated as
control groups. On the 18th-day, blood glucose, blood insulin and VEGF levels were
measured.

Results: 0.45 mg/egg STZ dose (STZ3) was determined as the optimal/ideal dose for the
DM model. When the group-administered STZ3 and vitamin K1 were evaluated among
themselves; it was determined that there were significant changes in blood glucose, blood
insulin, VEGF levels of the STZ3+K1-3 group compared to the STZ3+K1-1 and
STZ3+K1-2 groups (p<0.05).

Conclusion: Vitamin K1 increased blood insulin levels and decreased blood glucose
levels. When hyperglycemia reduced, the VEGF levels reduced. Vitamin K1 may protect
from DRP by reducing VEGF levels.

Keywords: Chick Embryo, Type 1 Diabetes Mellitus, Vascular Endothelial Growth
Factor, Vitamin K1

INTRODUCTION

Diabetic retinopathy (DRP) is the most common complication of diabetes mellitus (DM)
(1). The two main changes seen in DRP due to glucose metabolism disorder are increased
vascular permeability and micro vascular occlusion. Blocking blood flow due to capillary
occlusion causes retinal hypoxia and ischemia. Ischemia in the retina causes abnormal
new vessel formation (neovascularization). The new vessel formation seen in DRP is
driven by growth factors released from hypoxic retinal tissue (2-5). The primary growth
factor responsible for these vascular changes seen in DRP is the vascular endothelial
growth factor (VEGF) (6). Hypoxia is the major stimulus for VEGF expression (7).
Because of retinal hypoxia and ischemia, VEGF levels increase in retinal and ocular
fluids in patients with DRP (8). VEGF increases vascular permeability against
macromolecules, increases monocyte chemotaxis and tissue factor production, causing
diabetic micro vascular complications and DRP (9). Vitamin K is a vitamin that has two
biologically active forms, phylloguinone (vitamin K1) and menaquinone (vitamin K2)
(10). In previous studies, it has been reported that vitamin K1 reduces hyperglycemia and
insulin resistance, has a hypoglycemic effect and prevents the development of type 2 DM
(11-14).
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The aim of this study was to create streptozotocin (STZ)-
induced early onset DM and DRP in chick embryos and to
show whether vitamin K1 can prevent early-stage DRP by
measuring VEGF levels.

MATERIALS and METHODS

Ethics committee approval was obtained from Afyon
Kocatepe University Animal Experiments Local Ethics
Committee with the decision dated 07.10.2019 and numbered
49533702/122.. The experimental phase and morphological
analysis of the study were carried out in Afyonkarahisar
Health Sciences University, Faculty of Medicine, Department
of Anatomy.

A total of 140 specific pathogen free (SPF) fertilized eggs
were used in this study. After all the eggs were provided by
the research coordinator, they were placed in the incubator in
Anatomy laboratory. SPF eggs were kept in the incubators at
70% humidity and 37.5 °C. STZ (N-(Methyl Nitroso
Carbamoil)-a-D-glucosamine, CAS Number: 18883-66-4,
Sigma-Aldrich Chemie GmbH, Germany) was dissolved in
saline and a stock STZ solution was prepared. STZ doses
given to chick embryos were determined according to the
literature (15-18). There were 14 groups in total, with 10 SPF
fertilized eggs in each group. The first group was the control
group, whose blood glucose and blood insulin levels were
measured on the 12th day. There were three main groups in
which only STZ was applied on the 12th day (STZ1, STZ2,
STZ3). It was desired to determine the most appropriate dose
of STZ by applying three different doses of STZ. STZ1 dose
was 0.15 mg/egg, STZ2 dose was 0.30 mg/egg, STZ3 dose
was 0.45 mg/egg.

Nine more groups were formed to administer three different
doses of vitamin K1(Konakion 10 mg/ml, Roche) to each
group, to which STZ1, STZ2, and STZ3 doses were to be
administered. Vitamin K1-1 dose was 0.005 mg/egg (0.1
mg/kg), Vitamin K1-2 dose was 0.025 mg/egg (0.5 mg/kg),
Vitamin K1-3 dose was 0.050 mg/egg (1 mg/kg). One more
control group was formed to measure blood glucose and
blood insulin levels on the 18th day.

On the 12th day, the control group SPF eggs were sterilized
by rubbing 70% ethyl alcohol on the egg shell and opened
from the upper part of the air sac. The inner shell membrane
was carefully removed and at least 200 pl of chick embryo
blood was taken from the thickest vessel under it with
30GX13 mm diameter mesotherapy needle attached to the tip
of the insulin injector. Insulin levels were measured by means
of the chick embryo insulin kit (INS ELISA KIT, BT-
LAB/EA0012Ch) from these blood samples. Then, another
thick vessel was found under the inner shell membrane and a
blood glucose strip used for glucose measurement was placed
under the wvessel in a way that would not damage the
structures. Afterwards, the vessel was gently lifted with a
strip to allow blood circulation in the vessel. The amniotic
fluid around the vessel was cleaned with the cotton part of the
ear cleaner so as not to damage the vessel. The vessel on the
strip was fragmented through the mesotherapy needle tip.
From the blood, dispersed on the strip, glucose level from
was measured as mg/dl with the Accu-check blood glucose
meter.
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On the 12th day, the egg shells of the groups to be made
Typel DM with three different STZ doses were sterilized by
applying 70% ethyl alcohol. Then, 0.5 mm hole was drilled
through the egg shell on the air sac, through which the
Hamilton needle could pass, and STZ at a dose of 0.15
mg/egg (STZ1, 40 eggs) was administered to the first group,
and 0.30mg/egg STZ (STZ2, 40 eggs) to the second group.
STZ was administered to the third group at a dose of 0.45
mg/egg (STZ3, 40 eggs). After STZ injections, the hole
opened in the egg shell was closed with tape so that the egg
would not get air. Groups (10+10+10=30 eggs) that were
administered only STZ1, STZ2, STZ3 doses were put back
into the incubator to be opened on the 18th day.

The remaining 30 eggs in each STZ group (STZ1, STZ2,
STZ3) were divided into 3 subgroups. In the STZ1, STZ2,
STZ3 groups, vitamin K1-1 at a dose of 0.005 mg/egg for the
first 10 eggs, vitamin K1-2 at a dose of 0.025 mg/egg for the
second 10 eggs, and vitamin K1-3 at a dose of 0.050 mg/egg
for the third 10 eggs, administered via insulin injector and it
was closed with a tape so that no air could enter. The eggs,
which were closed with tape, were placed back in the
incubator. On the 18th day, control group, STZ and vitamin
K1 applied groups were sterilized by rubbing 70% ethyl
alcohol on the egg shell and opened from the upper part of the
air sac. With the same blood sampling techniques applied to
the control group on the 12th day; blood glucose levels, blood
insulin levels and VEGF levels were measured of STZ and
vitamin K1 applied groups.

On the 18th day, the eyes of the chick embryos were
centrifuged at 1500 rpm for 10 minutes in the Biochemistry
department. Chicken vascular endothelial cell Growth Factor,
VEGF ELISA Kit (BT-LAB/E0223Ch) was used to measure
VEGEF levels and studied with ELISA method.

Statistical analysis

Statistical analysis was performed with the IBM Statistical
Package for the Social Sciences program. Kolmogorov
Smirnov test was used to determine the normal distribution of
data. Kruskal-Wallis test was used to compare the groups
since the data were not normally distributed and n<<30. Dunn
test were employed as post-hoc tests and p<0.05 were
considered significant. Pearson's correlation analysis was
used to determine whether there is a linear relationship
between blood glucose and blood insulin measurements, and
if so, the direction and severity of this relationship. Mean
statistical values were expressed as MeantStandard Deviation
(MeanzSD).

RESULTS

In this study, the effect of different doses of STZ on the
development of DM were examined in the firstly. The most
appropriate dose of STZ for the DM model in chick embryos
was tried to be determined. Then, three different doses of
vitamin K1 were given to chick embryos and their effects on
VEGF levels were examined.

Mean blood glucose levels of chick embryos opened on the
12th day were 124.70+£12.3 mg/dL and blood insulin levels
were 2.05£0.11 mlU/L. Mean blood glucose levels of the
control group chick embryos opened on the 18th day were
133.90£9.12 mg/dL, and blood insulin levels were
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5.88+2.01mlU/I. The mean blood glucose and insulin levels
of the groups that were administered only STZ and tried to be
DM on the 18th day are given in Table 1. According to these
results, 0.45 mg/egg STZ dose (STZ3) was determined as the
optimal/ideal dose for the DM model in our study.

The mean blood glucose levels, blood insulin levels and
VEGF levels of the groups given vitamin K1 to prevent DRP
after STZ application are given in Table 2.

When the group administered STZ3 and vitamin K1 were
evaluated among themselves; it was determined that there
were significant changes in blood glucose, blood insulin,
VEGF levels of the STZ3+K1-3 group compared to the
STZ3+K1-1 (p<0.001, p<0.001, p<0.001, respectively) and
STZ3+K1-2 (p<0.05, p<0.05, p<0.05, respectively) groups.
There was no significant difference in blood glucose, blood
insulin and VEGF levels between STZ3+K1-1 and STZ3+K1-
2 groups (p=0.061, p>0.05, p=0.089, respectively).

DISCUSSION

In this study, we aimed to determine whether vitamin K1 has
a DRP-reducing effect in chick embryos induced with STZ-
induced Type 1DM by measuring VEGF levels. In literature,
there are few chick embryo DM models induced by STZ in
the literature and they used different STZ doses and different
incubation days (15-18). In literature, STZ application day
changed by 12th day to 14th day. We determined to inject
STZ on the 12th day. The purpose of injecting STZ on the
12th day of incubation is completing the development of the
pancreas, which started on the 5th day, by the 12th day (16).

When we searched the literature, Yoshiyama et al. stated in
their study that 0.3 mg/egg STZ dose is the ideal dose to
increase blood glucose levels and decrease serum insulin
levels (17). Sivajothi et al., like the study of Yoshiyama et al.,
created DM model with dose of 0.3 mg/egg STZ (16). In the
study of Shi et al., three different doses of STZ ranging from
250 to 300 mg/kg/egg were used (15).

Therefore, we used different doses of STZ on the 12th day of
incubation to create a DM model. As in our previous DM
model study (18), STZ3 dose statistically significantly
increased both blood glucose levels and decreased blood
insulin levels compared to the other STZ1 and STZ2 doses.
We determined that the STZ3 dose was the most applicable
dose to create a DM model in chick embryos.

In addition, serum insulin levels could not be measured until
the 12th day of chick embryo development in the literature
(16). We think that this is due to the small, fragile chick
embryo vessels and insulin kit. However, we easily measured
blood insulin levels. We determined that by using Atay et
al.’s blood sampling technique (19) and chick embryo insulin
kit (INS ELISA KIT, BT-LAB/EA0012Ch) blood insulin
levels can be measured.

Vitamin K1 is the primary circulating form of Vitamin K and
has been successfully measured worldwide in various
population-based and clinical-based studies to assess
circulating Vitamin K status. In previous studies, it has been
shown that dietary vitamin K1 reduces hyperglycemia and
reduces the risk of type 2 DM (20). In the study of
Zwakenberg et al., higher circulating vitamin K1 levels were
found to be causally associated with a lower risk of type 2
DM, emphasizing the importance of adequate vitamin K1 in
the human diet (21).

In the study of Dihinga et al. in type 2 DM mice; they divided
the mice with type 2 DM into two groups and gave only olive
oil to the first group and olive oil and Vitamin K1 to the other
group. They found that vitamin K1 decreased body weight,
basal glucose and insulin levels, glycated hemoglobin Alc
(HbA1C) and homeostasis model assessment-estimated
insulin resistance (HOMA-IR) levels dose-dependently in the
group receiving vitamin K1 compared to the control group
(20). In the study of Ibarrola-Jurado et al., it was shown that
higher dose vitamin K1 intake was associated with a decrease
in the risk of new onset type 2 DM.

Table 1. Control and STZ groups’ mean blood glucose and insulin levels

Groups Mean blood glucose levels (mg/dL) Mean blood insulin levels (mIU/L)
18th day control 133.90+9.12 5.88+2.01
18th day STZ1 151.30+9.15 5.34+2.11
18th day STZ2 178.80+9.89%" 4.83+1.62
18th day STZ3 191.56+17.74*° 3.21+1.18°

aThere was a statistically significant difference with the control group. p < 0.05, Kruskal-Wallis test, Dunn test as post-hoc test.
bThere was a statistically significant difference with ASM 1 group. p < 0.05, Kruskal-Wallis test, Dunn test as post-hoc test.

Table 2. After vitamin K1, mean blood glucose, insulin and VEGF levels of STZ groups

Groups

(mg/dL)
18th day control 133.90+9.12
STZ1+Vitamin K1-1 150.90+8.65
STZ1+Vitamin K1-2 136.76+9.08
STZ1+Vitamin K1-3 130.89+7.56*
STZ2+Vitamin K1-1 179.90+13.15
STZ2+Vitamin K1-2 165.12+8.92

134.90+7.15*
189.21+12.36
165.00+12.57
141.01+5.23*

STZ2+Vitamin K1-3
STZ3+Vitamin K1-1
STZ3+Vitamin K1-2
STZ3+Vitamin K1-3

Mean blood glucose levels

Mean blood insulin levels

(MIU/L) VEGEF levels
5.88+2.01 41.3
5.36+1.95 48.37
5.81+1.76 40.33
5.91+1.54* 38.27*

481+1.1 54.27

5.21+0.9 48.12
5.75+0.8* 39.59*
3.69+2.32 65.76
4.86+3.35 58.28
5.59+1.31* 41.1*

*In each STZ group, according to the dose of vitamin K1; there is a significant difference in blood glucose, insulin and VEGF levels. p < 0.05
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Moreover, in this study, increased intake of vitamin K1
during follow-up was associated with a 51% lower risk of
diabetes in elderly patients at high cardiovascular risk, after a
median follow-up of 5.5 years (13). Varsha et al administered
STZ to male Wistar rats for three days. Then, they
administered vitamin K1 (5 mg/kg, twice a week) to DM
treated rats for 2.5 months. At the end of their experiment, the
pancreas of the rats was dissected and HbA1C, plasma insulin
and islet areas were determined. Varsha et al. found that the
treatment of vitamin K1 saved the endocrine pancreas cell
from death caused by STZ, and vitamin K1 stimulated islet
cell proliferation/regeneration. In addition, they determined
that Vitamin K1 caused increased insulin secretion and
normal blood glucose and HbAlc levels in diabetic rats. The
main findings of this study demonstrated the anti-diabetic
mechanism of vitamin K1 (22).

In this study, we applied vitamin K1 at doses of 0.005 mg/egg
(0.1 mg/kg), 0.025 mg/egg (0.5 mg/kg), 0.050 mg/egg (1
mg/kg) to chick embryos treated with STZ. Like the
literature, we found that vitamin K1 increased blood insulin
levels and decreased blood glucose levels. However, in our
study, we found that vitamin K1-3 (0.050 mg/egg (1 mg/kg))
was the most effective dose in reducing VEGF, blood glucose
levels and increasing blood insulin levels.

We think that vitamin K1 does this by repairing or
regenerating pancreatic islet cells. However, we think that
larger experimental studies are needed to prove this. In
addition, we think that experimental animals larger than chick
embryos will need to be used to easily examine pancreatic
histology. When hyperglycemia reduces with the effect of
vitamin K1, vascular occlusion and hypoxia in the retina
reduces. VEGF levels and neovascularization are reduced. So,
vitamin K1 protects from new vessel formation and DRP by
reducing VEGF levels.

CONCLUSION

These results show that Vitamin K1 increased blood insulin
levels and accordingly caused a decrease in blood glucose
levels. It also shows that VEGF levels, one of the first
indicators of DRP due to hyperglycemia, decreased with
Vitamin K1 treatment. In this context, a sufficient dose of
Vitamin K1 may prevent DRP by providing glucose
homeostasis..
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ABSTRACT

Objective: The stages of sKin wound healing are a dynamic process and it is thought to
be related to nutrition. Carbohydrates, proteins and fats have particular importance in
different periods of recovery process. Our study has aimed to examine the effects of a
western diet with high protein, fat, and carbohydrate content on pressure ulcer healing.

Material and Methods: In this study, we used 22 healthy male Sprague Dawley rats
weighing 100-185 g. We randomly divided the rats into two groups. The rats were fed
according to the indicated diets (standard diet and western diet). On the first day of the
fourth week, ischemia sKin by histopathological examinations of the wound tissue
samples on the 7th and 14th days of the wound healing period.

Results: Statistically significant differences were observed in histological and
immunohistochemical parameters in the tissue samples on the 7th and 14th days. On the
7th day, there were re-epithelialization (P=0.003), granulation cell density (P=0.004),
inflammation (P=0.004), and angiogenesis (P= 0.003). We found re-epithelialization
(P=0.001), granulation cell density (P=0.002), inflammation (P=0.002), and angiogenesis
(P=0.001) on the 14th day. On the 7th and 14th days, we found the p-value between Ki-67
immunohistochemical staining percentages as P= 0.003 and the p-value for VEGF as
P=0.002.

Conclusion: We determined that in short-term wound healing, the western type diet was
more effective on pressure wound healing than the standard diet.

Keywords: decubitus ulcer, western diet, wound healing

INTRODUCTION

A decubitus ulcer is defined as the skin or tissue damage generally on the pointed parts of
the bones caused by both pressure and compression or only by force (1). In addition to the
more frequent observations of decubitus ulcers generally on the pointed parts of the
bones, they could also be caused by the medical equipment, which leads to compression,
pressure or friction such as orthopaedic casts, cartridges, catheters, and compression
machines (2). Nearly 4 % of decubitus ulcer cases need hospital care to treat thoroughly.
This treatment also requires a substantial amount of money (3).

The dermal wound healing is an active process. It includes the phases of inflammation,
proliferation, and the reformation of the skin into its old state. In the inflammation phase,
cell migrations, cytokines, and growth factors play an essential role. This is sovereign in
the stimulation of the vascular proliferation; thus, the tissues' reformation occurs (1). The
studies conveyed indicate that wound healing connects with nutrition by nature. In wound
healing and other cases requiring treatment, insufficient nourishment affects the recovery
period negatively. This situation, which is derived from especially the lack of protein and
energy, is also corroborated by the clinical results (4).

The most energy-requiring phase in wound healing is the collagen synthesis phase. In the
wound healing period, if there isn't enough carbohydrate intake, other energy sources such
as proteins can be used as the primary source, leading to the limitation of wound healing

(D).
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Insufficient carbohydrate intake may substantially set wound
healing back by causing the inflammation phase to drag out.
It is thought that increasing the protein intake in wound
healing or sickness period may ensure a shorter reparation of
the tissue damage (2). The role of fats in wound healing has
not been studied in detail (3, 5). Nevertheless, it is known that
there has been a rising need for essential oils during
traumatization.

The Western diet is a diet with low consumption of
vegetables and beverages with high protein content (mainly
processed meats), saturated fats, refined grains, sugar,
alcohol, salt, and corn syrup (6). Living conditions in daily
life have allowed western type nutrition to be preferred
widely, especially among the working population. In such a
context, we aim to study the effects of the western diet with
high protein, fat, and carbohydrate content on pressure ulcers
the decubitus ulcer wound healing.

MATERIALS and METHODS

This study has been conducted by Sakarya University Animal
Testing Local Ethics Committee approval in Sakarya
University Experimental Research and Medical Centre (Dated
05/08/2020 and numbered 46). The procedures on the rats are
humane, and the standards of the study are pertinent to the
standards of the existing ethical animal testing procedures.

Experimental Animals

In this study, 22 healthy male Sprague Dawley rats weighing
between 100-185 grams were used as experimental animals.
This experiment has been conducted in Sakarya University
Experimental Research and Medical Center (Sakarya,
TURKEY). The rats were fed with water and ad libitum
according to the determined diets (standard diet and western
diet). Rats were kept at 21+1 °C in well-ventilated places
within 12- hour day-night cycle. Animal diets, both the
standard and the western type, were produced by the experts
at a private corporation (Arden Research& Experiment,
Ankara, TURKEY).

Experimental Protocol

The 22 rats were randomly divided into two groups, 11 each
in the control and western diet groups, which would be
statistically significant. Rats were fed with a Standard diet
(calories 77.3% carbohydrate, 2.7% fat, and 20% protein) and
a western diet (calories 39.70% carbohydrate, 39.51% fat,
19.53% protein, and other components 1.26%) according to
the groups.

The decubitus ulcer model has been used by Stadler et al. (7).
After feeding procedure, the rats were anesthetized by the
Ketamine HCL 100 mg/kg IM (Ketasol% 10 10 ml) (Ketasol,
Richterfarma, Austria) and then by Xylazine 10 mg on the
first day of the fourth week. The hair between the two blade
bones of the rats was shaved. The skins between the two
blade bones of the rats in all groups were gently removed.
Two neodymium magnets with 15x5 mm in diameter and
2000 Gauss in power (6.53g in weight) were implemented
into both sides of the removed skin.
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Compression was applied in 8-hour magnet fastening and 8-
hour release (ischemia-reperfusion model), just as in the
literature and the decubitus ulcers were developed after 72
hours (7). The rats were fed identical diets until the end of the
study.

Histopathological Evaluation

Tissue samples were collected from wounds on the seventh
and fourteenth days of the decubitus ulcers. The tissue
samples were immobilized in the formaldehyde buffered 10%
for 48 hours. The tissue sample was soaked in paraffin-
embedded blocks after the tissue embedding processes. The
4-5-micron incisions taken by the Leica RM 2255 microtome
were processed in hematoxylin-eosin staining. According to
“The Wound Healing Points Evaluation Criteria”, a
histologist evaluated the histopathological examinations via a
Nikon model light microscope according to “The Wound
Healing Points Evaluation Criteria”. A score of 0-3 was
given to each section according to the presence of
inflammatory cells and the levels of angiogenesis and
epithelialization as previously described by Sedighi et al.,
2016 (8) with minimal modifications (Tablel).

Immunohistochemical Staining Method

The tissue samples, which were cut in 4 microns from the
paraffin-embedded blocks, were deparaffinised and got
through decreasing alcohol series. The preparations in citrate
buffers went under heat treatment for 20 minutes in the
microwave. After that, all incisions were blocked in 3% of
H202 by endogen peroxidase- activity. Primary antibodies
were VEGF (Genetex), and Ki-67 (Genetex), which were
used in a 1/300 ratio, and then secondary antibodies (Ultra
Vision Large Volume Detection System Anti-rabbit by Lab
Vision, HRP) were used. Each step was implemented by the
producing company’s procedures. Diaminobenzidine (DAB)
was used to make the paint visible. Mayer’s hematoxylin was
used for contrast colouring. The preparation was covered by
the mounting medium (Aqueous Mounting Medium by Scy
Tek). As a result of Ki-67 and VEGF staining, the
preparations were scored in randomly chosen five staining
areas and the area with the highest score was determined. In
both groups, at least 100 cells were marked within each x40
magnifying area. In incisions, the percentage of the stained
cells and staining level were the criteria to be chosen. For
each incision, Immunohistochemical staining scoring was
calculated according to H-SCORE, which is a scoring
algorithm formulated as (I x PC), (I: the level of staining, PC:
the percentage of stained cells in each level) (9).

Statistical Analysis

Statistical analyses were performed using the SPSS 24.0
package program (SPSS Inc. and Lead Tech. Inc. Chicago,
USA). Shapiro Wilks test was used in compliance with
normal distribution. Kruskal Wallis test was used for
numerical data of the subgroups that did not show normal
distribution. Intergroup evaluations for statistically different
parameters were performed using the Mann-Whitney U test
and comparing them in pairs. Results were given as mean +
standard deviation. For all statistical analyses, a two-tailed P-
value <0.05 was considered statistically significant.
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Table 1. Histological scoring parameter of epithelialization, angiogenesis, granulation tissue formation, and inflammatory cells.

Parameter/Score 0]

Inflammatory cells 1-5 inflammatory cells
per histological field

1

5-8 inflammatory cells
per histological field

2 3

8-11 inflammatory cells 11-15 inflammatory cells
per histological field per histological field

Reepithelialization Absence of epithelial

proliferation in >70%

Incomplete epidermal
organization in >50%

Moderate epithelial Complete epidermal
proliferation in >60% remodeling in >80% of

of tissue of tissue of tissue tissue
Angiogenesis Absence of angiogenesis 2—4 vessel per site, 4-6 vessel per site, slight 7-8 vessel per site vertically
including congestion and congestion and congestion disposed towards the

hemorrhage hemorrhage

epithelial surface

Granulation cell density None, completely

Disorganized and distorted

Minimal/immature thin

Mild/moderately mature
granule layer

Evident/ Thick, >80%
organized

RESULTS
Re- epithelialization

In standard and Western diet groups, when the tissue samples
from the 7th and 14th days were compared in terms of re-
epithelialization, statistically significant differences between
the tissues of those two days were observed (P-value in order
is p=0,003; p=0,001). When the tissue samples of standard
diet groups from the seventh and fourteenth days were
compared in terms of re-epithelialization, statistically
significant differences between the tissues of those two days
were observed (p=0,002). In the fourteenth day samples,
better re-epithelialization was observed. In terms of re-
epithelialization, statistically significant differences between
the tissue’s samples of the seventh and fourteenth days were
observed in the Western diet group (p=0,001). In the
fourteenth day samples, better re-epithelialization was
observed (Image 1).

Granulation Cell Density

When the standard and Western diet groups were compared
on the 7th and 14th days in terms of granulation cell density,
there were statistically significant differences in terms of
granulation cell density in favour of the western diet group on
both the 7th and the 14th days (P-value in order was p=0,004;
p=0,002). The granulation cell density in the standard diet
tissue samples was observed to be better on the 14th day than
on the 7th day (p= 0,001). Under the same conditions of the
western group, statistically significant differences were
recorded on the 14th day compared to the 7th day (p=0,000)
(Image 1).

Inflammation

When the 7th day and the 14th-day results of standard and
western diet results were compared in terms of inflammation
cell density, on both dates, the inflammation cell density had
statistically significant differences in favour of the diet of the
west group. The P values on the 7th and the 14th days were
respectively p= 0,004 and p=0,002. The tissue samples of the
standard diet were observed to have statistically significant
differences on the 14th day than on the 7th day (p= 0,001).
The inflammation cell density of the Western diet group's
tissue samples on the 14th day had a statistically significant
difference compared to the 7th-day samples (p=0,000). Under
the same conditions, it was in favour of the western group on
the 14th day (p=0,000) (Image 1).
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Angiogenesis

When the standard and Western diet groups were compared
on the 7th and 14th days in terms of angiogenesis ratio, there
were statistically significant differences in favour of the
western diet group on both the 7th and the 14th days (P-value
in order was p=0,003; p=0,001). The angiogenesis ratio in the
tissue samples of the standard diet was observed to have
statistically significant differences on the 14th day than on the
7th day (p= 0,002). The angiogenesis tissue samples of the
western diet were honoured to have statistically significant
differences on both the 7th day and the 14th day (p=
0,000)(Image 1).

Immunostaining Results

The tissue samples of standard and Western diet groups on
the 7th and the 14th days were separately stained, and the
results were evaluated.

Ki-67 Immunostaining

When the standard and Western diet groups were compared
on the 7th, there was a statistically significant difference
between the two groups (P= 0,000). The percentage of the Ki-
67 immunostaining was observed to be relatively high in the
western group. When the standard and Western diet groups'
results were compared on the 14th, there was a statistically
significant difference in the percentage of the Ki-67
immunostaining between the two groups (P= 0,000). The rate
of the Ki-67 immunostaining in the Western group on the
14th day was observed to be relatively low (Image 2).

VEGF Immunostaining

When the standard and Western diet groups were compared
on the 7th regarding the percentage of the VEGF
immunostaining, there was a statistically significant
difference between the two groups (P= 0,000). The rate of the
VEGF immunostaining in the western group was observed to
be relatively high. When the standard and Western diet
groups' results were compared on the 14th, there were
statistically significant differences in the percentage of the
VEGF immunostaining between the two groups (P= 0,000).
The rate of immunostaining in the Western group on the 14th
day was observed to be lower (Image 3).
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14th day

sD

WD

- s A.L ’t - -
Image 1. 7th and 14th- day scar tissue samples from SD and WD nutrition groups. X100, 100 scale bar (Hematoxylin Eosin).
Large wound areas were seen in the 7-day examples in the SD (A) group, and dense granulation areas were seen in the 14th-
day samples (B). Small wound areas and bleeding areas were seen in the 7th-day models (C) of the WD group. It was
observed that epithelialization was completed, and healing was completed in the 14th-day samples (D). SD: Standard diet
group, WD: Western diet group, black star: wound area, red arrowhead: bleeding area, green arrowhead: granulation area,
black arrowhead: damaged muscle area, blue arrowhead: blood vessel, orange arrowhead: hair root, burgundy arrowhead:

epithelial layer.

7th day 14th day

SD

WD

Image 2. Ki-67 immunoreactivity preparations in the wound tissue samples of the SD and WD groups on the 7th and 14th
days. X100, 100 scale bar. It was seen that Ki-67 activity in the 14th-day models in the WD group was significantly lower
than in the SD group. In the tissue samples on the 7th day, more intense Ki-67 immunoreactivity was observed in the SD
group than in the WD group. The more intense Ki-67 immune reactivity in the SD group indicates that the healing process is
slower in the acute period. SD: Standard diet group, WD: Western diet group.
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Image 3. VEGF immunoreactivity preparations in the wound tissue samples of the SD and WD groups on the 7th and 14th
days. X100, 100 scale bar. It was observed that VEGF immune reactivity in the WD group was less intense in the samples
on the 14th day compared to the SD group, and the wound healing process was completed at the end of the 14th day. SD:

Standard diet group, WD: Western diet group.

DISCUSSION

Decubitus ulcers are related to ischemia-reperfusion injury
(10, 11). The physical movements on the skin tissues lead to
blood vessel pressure and, therefore they cause ischemia.
When the pressure effect decrease or increase, and the
decompression on the vessels, the re-oxygenation of the
tissues may induce ischemia-reperfusion injury (12). For this
reason, to understand the mechanisms in the formation and
the rehabilitation of decubitus ulcers, the dynamics of blood
vessel formation need to be researched. In our study, we have
used the ischemia-reperfusion model of Stadler et al. (7).
Vascular endothelial growth factor (VEGF) underlies
vascularization (13-15). VEGF can be related to cell
regeneration, granulation tissue formation, and reformation
(16, 17). Ki-67 is an important nucleoprotein, which marks
the proliferative cells defined as proliferation indicator (18-
21). Our study used Ki-67 to show the cell formation density
of the newly forming cells with its VEGF effect on the wound
area since the beginning of neovascularization. In our study,
the tissue samples were collected from the Western Diets, and
Standard Diets applied rats' wound area on the 7th and 14th
days. We have identified the density of VEGF and Ki-67 in
our tissue samples as semiquantitative (H-score). In addition
to this, we have used the histological markers, which indicate
the stages of wound healing such as inflammatory cell
density, granulation  tissue, angiogenesis and re-
epithelialization while examining the preparation stained with
H.E. on the 7th and 14th days.

The formation of granulation tissue is the most significant
indicator of wound healing (22). In the appearance of the
wound, the fibroblasts, the collagen sarcostyles and the
capillary vessels between the wound lips colligate the wound
lips by becoming parallel to the wound surface (23). In the
last phase of wound healing, the re-formation is characterized
by the new Epithelialization and scar tissue formation (24).
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In our study, dense blood vessels (angiogenesis) and granular
cell accumulation in the tissue samples which were collected
from the Western Diets group and stained by H.E. on the 7th
day were observed more in comparison with the 7th-day
tissue samples from Standard Diets group.

This observation leads to the idea of W.D.'s acceleration of
the wound healing process. It was observed that the
angiogenesis and the inflammatory cell accumulation in the
preparation of the tissue samples taken from the rats fed on
W.D. lowered significantly in comparison to the S.D. group
on the 14th day. It was observed that there were more intense
spots of fibroblast in the WD-14th-day samples than 7th-day
samples. Concordantly, it was observed that the fast-healing
process continued, and the formation of folliculitis and
epithelialization started to be seen in the Western Diets group.
When microscopically examined, the vascularization,
granulation, and collagenases spots were much slower in the
standard group than in the western group.

In this study, the percentage of Ki-67 and VEGF immune
expression was higher in WD than SD in the 7th-day samples.
Also, it was observed that the percentage of Ki-67 and VEGF
immune expression was higher in SD than WD in the 14th-
day samples. It is remarkable that the intensities of Ki-67 and
VEGF immune expression show an increase and decrease in
line with the preparation, which indicates the wound healing
stages in the HE stained samples. Thereby, in our study, we
have observed that WD can affect the completion of cellular
regeneration in shorter periods than SD due to its cell
proliferation in the wound healing areas.

There are studies in literature stating that a high fat diet
impedes wound healing on the dermis (25-27). In those
studies, the importance of the diet combination used in the
healing process on wound healing is emphasized.
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Until nowadays, the studies examining especially the effect of
WD on decubitus wounds' healing process frequently have
been found. The studies on high-fat and sugar diets are
conducted more frequently. In one study, it is reported that
high-fat diets are effective on collagen production and wound
repair and this effect is due to its contribution to the wound
healing process rather by changing the nitrogen balance (28).
In the mentioned study, they got similar results to our study.
There are also other studies with different results from our
study in literature. Paulino (2011) reported that the animals
fed on a high-fat diet have a delayed wound closure due to
long term inflammation after seven days from the formation
of the wound (26).

Vascularization is an important factor in wound healing
owing to the fact that it provides oxygen and nutrition for cell
metabolism (29-31). In a different study from ours, they
reported that in mice, a high-fat diet caused a decrease in

VEGF expression and, therefore, decreased tissue
vascularization in wound healing (27, 32).
CONCLUSION

Frequently consumed WD diet causes renal failure, obesity,
high blood pressure, the aggravation of colitis symptoms, the
shortening of the colon, the increase in tumorigenesis, the
increase in insulin resistance, the development of
hepatosteatosis (33). In the wound healing stage, it is
suggested that approximately 20-25 % of the total calorie
should be given as protein (34). In general, it is advised that
the suggested amount of protein in wound healing stages or
other wound stages should be given more than the amount
needed (35). For that reason, we think that if WD becomes a
continuous preference, it can lead to a severe health problem;
however, it is suitable for short-term use in the early periods
of the wound healing stage due to the need for high protein
intake.
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