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Figure 1. (a) Pulmonary X-ray showing diffuse 
bronchopneumonic infiltration. (b) Thorax computed 
tomography showing diffuse centroacinar densities at the 
superior lobe of the left lung representing bronchopneumonic 
infiltration and minimal effusion in bilateral fissures

Figure 1. Radiological examinations of a 33-year-old 
female patient who presented to our clinic for surgical 
treatment. Preoperative radiological examination revealed 
a transverse foramen anomaly in the L5 vertebra (arrows). 
The spinal deformity is shown in (A) as an AP radiograph of 
the entire spine and in (B) as a lateral radiograph. In the (C) 
3D reconstruction view, bilateral transverse foramen can be 
seen, which is wider on the left side. In (D), the 3D volume 
rendering view in the lateral plane shows that the vascular 
structure does not pass through the transverse foramen

AP: Anterior posterior, 3D: Three-dimensional
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active tuberculosis during this treatment.  The third case report in this issue is related with the congenital scoliosis case with lomber foramen 
transversarium. Lastly, you can find another case report how to treat a giant right atrial mixoma by a minimally invasive resection.

I think that all the articles and case reports may provide useful insights for your routine daily practice. We want to continue to discuss 
different important topics in future issues of CSMJ with your support in 2024, too.

I wish all of you a happy new year. 

Best regards,

On Behalf of Deputy Editors, Associate Editors, and Editorial Secretary 
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Editor-in Chief 
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ABSTRACT

The novel coronavirus is an infectious disease caused by severe acute respiratory syndrome coronavirus-2. 
The World Health Organization declared coronavirus disease-2019 (COVID-19) outbreak is a pandemic 
in 2020. Many people die of acute respiratory failure both in community and hospital. Therefore, there 
is an urgent need for a novel effective treatment or vaccine to combat the outbreak. To develop new 
vaccine, a wide variety of studies have been conducted in many countries. Some vaccines are approved by 
the Food and Drug Administration. They were developed by a variety of techniques; mRNA, inactivated, 
recombinant and vector-based vaccines. Most of them are safe and effective, but some adverse reactions 
have been observed. COVID-19 vaccination prevented spread of the virus and halted the outbreak, by 
breaking the chain of the infection. Thus, the pandemic has proven again that vaccination is essential for 
human health. In this article, we attempted to review the commonly used ones in clinical practice.

Keywords: Coronavirus, COVID-19, pandemic, vaccines

Introduction

The coronavirus disease-2019 (COVID-19) 
is an infectious disease caused by severe acute 
respiratory syndrome coronavirus-2 (SARS-
CoV-2). The disease first appeared in China 
and the virus infected many people, leading to 
various diseases from asymptomatic to severe 
infection. Then it spread worldwide and the 
World Health Organization declared COVID-19 
as a pandemic on March 11, 2020 (1). During 
the disease, many people developed severe 
pneumonia and died of the infection in 
the community and in the hospital due to 
acute respiratory failure. Therefore, there 
is an urgent need for a novel treatment or 
vaccine to combat the outbreak. To develop 
new vaccine, a wide variety of studies have 
been conducted in many countries. Some of 
them were approved by the Food and Drug 
Administration (FDA) and administered to 

humans with immense effort. They developed 
various techniques (2). They were mRNA, 
inactivated, recombinant and vector-based 
vaccines. 

1. mRNA Vaccines

mRNA technology has been used for 
more than 20 years and displays promising 
potential for developing new vaccines 
against various diseases, including cancer 
and infections (3). mRNA vaccines for SARS-
CoV-2 absolutely represent a novel vaccine 
approach. It works very differently from 
conventional vaccines. Conventional methods 
allow the body to produce antibodies by 
administering an antigen or a viral vector 
that encodes an attenuated virus or synthetic 
antigen (4). As their contents are prepared 
and generated outside the human body, it 
needs lots of time. Such vaccines are injected 
into the human body, but do not enter the 
human cell. However, mRNA vaccines contain 
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synthetic mRNA molecules that encode vaccine antigens 
within nanoparticles (5). The mRNA sequence of the virus was 
directly inserted into a human cell, thereby re-programing the 
human cell to produce its own viral antigens. The adaptive 
immune system then activates, newly develops antibodies 
bind to the antigen and T-cells are activated. Additionally, the 
use of mRNA has several beneficial features compared with 
previous vaccines. As mRNA-based vaccine is non-infectious, 
there is no potential risk of infection and the other benefits 
are rapid, inexpensive and manufacturing (3).

There are two mRNA vaccines including BNT162b2 (Pfizer-
BioNTech COVID-19 vaccine) and mRNA-1273 (Moderna 
COVID-19 vaccine). Both are monovalent vaccines. The latter 
is approved by the FDA for individuals aged 12 years and older 
and for children 6 months to 11 years of age, it is available 
under emergency use authorization (EUA) (6). Two doses of 30 
mcg are administered intramuscularly a three to eight-week 
interval. For immune-compromised host, a third dose is given 
at least 28 days after the second vaccination (7). The former 
is approved by the FDA for persons aged 18 years and older 
and is available under EUA for children 6 months to 17 years 
of age (8). For certain immune compromising conditions, the 
recommendations are the same as Pfizer-BioNTech vaccine.

In some observational and surveillance studies, both 
vaccines have been considered safe (9,10,11). In the phase 
3 clinical trials of both vaccines, some local and systemic 
adverse reactions were observed. An analysis showed that 
both mRNA vaccines were related to the risk of myocarditis 
and pericarditis in people aged 18-39 years (about 22.4 and 
31.2 cases per million doses, respectively) (12). Safety studies 
stress that the risk of myocarditis following infection is much 
higher than after vaccination (13). In a post-authorization 
study, acute allergic reactions were also seen as a potential 
outcome (14). In a study reviewing adverse events among 
healthcare workers, 98% of them had no symptoms of an 
allergic reaction. Compared to Pfizer-BioNTech, acute allergic 
reactions were mildly more frequent with the Moderna 
vaccine. Anaphylaxis was observed at a rate of 2.47 cases per 
100.000 vaccination and the rate was similar between the two 
vaccines (11,15). Existing observational studies demonstrated 
that most reactions reported by children after receiving Pfizer-
BioNTech were mild in severity. It most frequently occurs 
the day after vaccination and is transient (16). However, an 
analysis reported higher rates of myocarditis following the 
second dose of mRNA vaccinations among adolescent men 
and young adults (17). Following COVID-19 infection, these 
results are still much rarer among pediatric and adolescent 
populations (18). 

The efficacy of both vaccines with two doses in preventing 
symptomatic COVID-19 infection in persons without previous 
COVID-19 has been found to be high (19,20). mRNA vaccination 
(>14 days after second dose) prevented hospitalization in 
89%, intensive care unit admission in 90% and admission 
to emergency unit in 91% of the cases (21). The efficacy rate 
was similar to Pfizer and Moderna vaccines in these three 
categories and ranged from 81% to 95% in people older than 
50 years (22). Among all adults, a study from Israel reported 
that its effectiveness for preventing death from COVID-19 was 
approximately 72% (23). Another study reported in early 2020 
found that both mRNA COVID-19 vaccines were approximately 
90% effective in preventing both symptomatic and 
asymptomatic infections (24). Studies conducted in the United 
States of America (USA) revealed that the effectiveness of the 
Moderna and Pfizer vaccines in preventing hospitalization 
was 93% and 88%, respectively (25). In another USA study 
evaluating BioNTech, the effectiveness in preventing infection 
and hospitalization was 73% and 90%, respectively. Efficiency 
of full vaccination against infections decreased from 88% in 
the first month to 47% in 5th month (26).

2. Viral Vector Vaccines

Viral vector vaccines use the viruses to transfer genes 
encoding vaccine antigens into body cells. Adenoviruses are 
the most commonly used viruses as a viral vector. The vaccine 
transfers the virus, which will circulate in the nucleus. The 
genes are expressed in the nucleus by developing the antigen, 
and then the induction of an immune response is commences 
(27). The vectors can be replicating or non-replicating. There 
are three viral vector vaccines, including the Johnson & 
Johnson/Janssen, the Oxford-AstraZeneca and Sputnik V 
COVID-19 vaccines. 

All these vaccines are considered highly effective and 
appear to wane over time to mRNA vaccines. All of these 
are safe but rare blood clotting was observed in the first 2 
vaccines (28). Another study reported an increased incidence 
of Guillain-Barré syndrome following vaccination with the 
first vaccine (29). The efficacy of the Janssen vaccine was 68% 
against COVID-19 infection and against COVID-19-related 
hospitalization was 71% in all adults (22,25). After a single 
dose given, the AstraZeneca vaccine demonstrated significant 
efficacy of 64.1% against symptomatic COVID-19 and 70.4% 
after two doses and the phase 3 study showed vaccine efficacy 
of 76% against symptomatic COVID-19 infection and 100% 
efficacy in preventing severe disease (30). In people receiving 
Sputnik V, the phase 3 results have showed 91.6% effectiveness 
after the first dose of vaccine and 100% effective in preventing 
severe COVID-19 disease (31,32).
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3. Recombinant Vaccines 

Protein subunits (only a selected antigenic part of virus) 
or virus-like particles are used for this method. Most sort of 
these vaccines focus on the virus’s spike protein or its receptor 
binding domain. NVX-CoV2373 (Novavax, USA) was developed 
using this technology. It contains 5 µg of a recombinant full-
length spike trimer as the main antigenic component and 
50 µg matrix M1 adjuvant (33,34). Primary vaccination series 
includes two doses of vaccine with 21 days interval. The 
vaccine has EUA for individuals 12 years and older (33). In the 
phase 3 trial of Novavax, infection rates were 0.01% and 0.8% 
in the per-protocol group (people vaccinated with 2 doses) 
and placebo groups, respectively (35). All COVID-19 cases 
had mild infection and the vaccine was found to be 100% 
effective against moderate to severe infection. Most common 
solicited adverse events are injection site tenderness/pain, 
headache, myalgia, fatigue, and malaise within two days 
(35). In another clinical trial, ten of 7020 individuals in the 
per-protocol population (7 days after 2 dose vaccination with 
NVX-CoV2373) infected with SARS-CoV-2. None of them were 
hospitalized or died of COVID-19. One patient developed 
vaccination-related myocarditis and no anaphylaxis was 
observed (36).

In different studies, both local and systemic adverse 
reactions were seen more commonly in the vaccinated group 
and frequent complaints were injection site pain/tenderness, 
erythema, swelling, headache, muscle pain, fatigue, nausea, 
and vomiting. The adverse events usually were not severe 
(34,35,36).

4. Live Vaccines 

Live vaccines use an attenuated form of the germ that leads 
to a disease. Since they contain all virus components, they 
induce both humoral and cell-mediated immunity, thereby 
developing a strong and long-lasting immune response.

5. Inactivated Vaccines

Inactivated vaccines are a type of conventional vaccine 
produced by whole virus or bacteria. A large quantity of live 
viruses and biosafety level-3 laboratories are required. SARS-
CoV-2 viruses are inoculated into African green monkey kidney 
cells (Vero cell) for multiplication of virus. After yielding much 
viruses in culture, they are inactivated by some chemicals 
(37,38). All these steps take a lot of time. CoronaVac/Sinovac 
and Turkovac are inactivated COVID-19 vaccines. Because the 
vaccines contain whole virus components, immune responses 
can develop against viral antigens including nucleoprotein, 
envelope, matrix, and spike protein, thereby evoking both 
cellular, and humoral immunity (19). However, antibodies 

decrease over time, resulting in the need for booster doses 
(39).

Sinovac is the most widely used inactivated vaccine, 
developed in China. It includes an alimunium hydroxide 
adjuvant and is intramuscularly administered with 2 doses 
an interval of 2 to 4 weeks. It is also available in some other 
countries including Brazil, Chile, Indonesia, Mexico, and 
Turkey. In a phase 3 study in our country, the effectiveness 
of this vaccine was 83.5% (40). However, some trials from 
different countries reported lower efficacy (41,42). In Chile, 
the vaccine effectiveness was approximately 70% against SARS-
CoV-2 infection and 86%-88% in preventing COVID 19-related 
hospitalization and death (43). A study in Brazil showed 
lower efficacy (47%) in the elderly (>70 years) for preventing 
COVID-19 infection. Its efficacy was also reported 56% and 
61% for preventing hospitalization and mortal outcome, 
respectively (44).

Generally, this vaccine is considered as safe, but some 
mild and moderate adverse reactions have been observed. 
Injection site pain was one of the most reported reactions and 
fatigue was the main compliant (41,45,46,47).

ERUCoV-VAC/TURKOVAC is also inactivated vaccine 
developed with the support of the Health Institutes of 
Turkey. Vero E6 cells are used for the vaccine production. It 
is administered intramuscularly twice with 28 days apart. In 
phase 2 studies, the vaccine was evaluated on three animal 
models; BALB/c mice, K18-hACE2 (transgenic mice), and ferret. 
BALB/c mice and ferret models showed to be safety profile 
of the vaccine. BALB/c mice model demonstrated that the 
vaccine induced enhanced immunogenic response. Recently, 
ferret models suggested the vaccine reduces the number of 
upper respiratory tract infections and protects from lethal 
disease. The vaccine was authorized by the Turkish Medicines 
and Medical Devices Agency in December 2021. The phase 3 
clinical trials are still in progress since June 2021.

Vaccination practice in Turkey: SARS-CoV-2 vaccination 
began in Turkey on January 14, 2021. The vaccines currently 
used are the BioNTech, Sinovac and Turkovac vaccines. A total 
of 151,999,998 doses of vaccine were administered in Turkey. 
The number of people who received 3 doses of vaccine was 
28,214,781 (48). There are 3 clinical (1 phase1, 1 phase2, 1 
phase3) and 6 preclinical vaccine studies are still in progress 
in Turkey (49).

Conclusion 

Studies across the world indicated that COVID-19 vaccines 
are safe and effective. It is also crystal clear that vaccination 
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prevents the spread of the virus and halt COVID-19 outbreak, 
by breaking the chain of the infection. Their benefits outweigh 
some vaccine-related adverse reactions. Vaccines are crucial 
for human health and this has been proven once again by 
their role in controlling the pandemic.
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ABSTRACT

With the advent of the pandemic, the landscape of treatment options has undergone rapid transformations 
in response to evolving viral variants. Current guidelines advocate tailoring treatments based on disease 
severity and the distinction between outpatient and inpatient settings. Remdesivir is endorsed for 
hospitalized cases, whereas molnupiravir is recommended for managing mild to moderate coronavirus 
disease-2019 (COVID-19) in individuals at high risk of progressing to severe disease. Baricitinib holds 
Food and Drug Administration (FDA) approval in the United States for use in hospitalized adults requiring 
supplemental oxygen, non-invasive or invasive mechanical ventilation, or extracorporeal membrane 
oxygenation. Furthermore, dexamethasone is indicated for severely ill COVID-19 patients who require 
supplemental oxygen or ventilator support. Notably, tocilizumab has demonstrated limited efficacy 
in reducing the risk of disease progression. The FDA has granted Emergency Use Authorization for 
bebtelovimab, specifically for the treatment of mild to moderate COVID-19. Tixagevimab and cilgavimab 
have received FDA authorization for emergency use as pre-exposure prophylaxis against COVID-19. 
Although there is a recommendation against the use of an intermediate dose of low-molecular-weight 
heparin in critically ill COVID-19 patients, supported by moderate-level evidence, this recommendation 
does not extend to outpatient settings. However, there is insufficient evidence to endorse or discourage the 
use of supplements for treating COVID-19, both in non-hospitalized and hospitalized patients.

Keywords: COVID-19, treatment, pandemic

Introduction

Coronavirus disease-2019 (COVID-19) has 
evolved into a pandemic characterized by a 
rapidly escalating incidence of infections and 
fatalities. Several pharmacologic interventions 
are currently under consideration for 
treatment. Acknowledging the swiftly 
expanding body of literature, organizations 
such as the Infectious Diseases Society of 
America (IDSA) recognize the imperative to 
develop dynamic, regularly updated evidence-

based guidelines. These guidelines aim to 
provide comprehensive support to patients, 
clinicians, and other healthcare professionals 
in their strategic decision-making processes 
regarding the treatment and management of 
individuals afflicted by COVID-19.

Outlined below are the recommendations, 
accompanied by pertinent commentary, as 
delineated in the clinical practice guidelines 
of both the IDSA and the National Institutes 
of Health (NIH) for the treatment of COVID-19.
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Antiviral Treatment 

Remdesivir 

Remdesivir is a novel nucleotide analog that is metabolized 
to its active metabolite, remdesivir triphosphate. Remdesivir 
triphosphate is a structural analog of adenosine triphosphate 
and competes with the natural substrate for incorporation by 
RNA polymerase into nascent viral RNA, which results in delayed 
chain termination during replication and consequently inhibits 
viral replication (1,2). The Food and Drug Administration (FDA) 
has approved remdesivir for hospitalized children aged 12 and 
above and adults with COVID-19, regardless of disease severity 
(3). One of the most recent and largest studies describing 
the effectiveness of remdesivir in severe acute respiratory 
syndrome-coronavirus-2 (SARS-CoV-2) infection reported that 
despite its conditional recommendation, remdesivir may 
still be effective in achieving early clinical improvement. 
It reduces early-stage mortality and the need for high-flow 
oxygen supplementation and invasive mechanical ventilation 
among hospitalized COVID-19 patients (4). Despite the World 
Health Organization (WHO) reviewing its recommendation on 
remdesivir for hospitalized patients, guidelines from the NIH 
and IDSA recommend remdesivir (5,6,7).

Paxlovid (Nirmatrelvir-Ritonavir)

Nirmatrelvir inhibits the activity of the SARS-CoV-2-3CL 
protease, an enzyme crucial for viral replication, and co-
administration with ritonavir extends the duration and 
increases the concentration of nirmatrelvir activity in the 
body (8). The FDA issued an Emergency Use Authorization 
(EUA) for paxlovid in December 2021 for the treatment of 
mild-to-moderate COVID-19 in adults and pediatric patients 
(12 years of age). Paxlovid is available by prescription only and 
should be promptly initiated after the diagnosis of COVID-19 
and within five days of symptom onset (9).

Several large observational studies have linked paxlovid to 
clinical benefits in vaccinated individuals with underlying risk 
factors for severe disease (10,11,12,13,14,15). For instance, a 
study involving 1,130 vaccinated adults who received paxlovid 
within five days of COVID-19 diagnosis and 1,130 controls 
matched for age, gender, race, and comorbidities found 
that paxlovid was associated with a lower rate of emergency 
department visits, hospitalization, and death [odds ratio 
(OR): 0.5, CI 0.39-0.67] (12). Notably, all 10 deaths occurred 
in the untreated group. These observational studies were 
conducted in 2022, during the predominance of Omicron 
subvariants, suggesting that paxlovid retains efficacy against 
these variants.

Molnupiravir 

Molnupiravir is a pro-drug of the nucleotide analog N4-
hydroxycytidine and exhibits broad-spectrum antiviral activity 
against RNA viruses, including influenza, Ebola, coronaviruses, 
and respiratory syncytial virus (14).

In a recent study involving 202 participants, a significantly 
lower percentage of individuals receiving an 800 mg dose of 
molnupiravir (1.9%) had isolatable virus on day 3 compared 
with the placebo group (16.7%) (p=0.02). By day 5, virus 
isolation was not possible from any participant receiving 400 
or 800 mg of molnupiravir, whereas it was still evident in 
11.1% of those in the placebo group (p=0.03). Molnupiravir 
was generally well tolerated, with similar adverse events 
observed across all groups (2).

In an international randomized controlled trial (RCT) 
involving 1,433 non-hospitalized, unvaccinated adults with 
mild to moderate COVID-19 symptoms onset within five days 
and at least one risk factor for severe disease, molnupiravir 
demonstrated an approximately 33% reduction in the risk of 
hospitalization or death. The combined outcome occurred 
in 6.8% versus 9.7% of patients compared with the placebo 
group, although this difference was not statistically significant 
(16). Among the 10 deaths reported among trial participants, 
one occurred in the molnupiravir group and nine occurred in 
the placebo group.

The FDA has approved molnupiravir for the treatment 
of mild-to-moderate COVID-19 in adults at high risk for 
progression to severe COVID-19, including hospitalization or 
death, when alternative FDA-authorized COVID-19 treatment 
options are either inaccessible or clinically inappropriate (17).

Favipiravir 

Favipiravir is a selective and potent inhibitor of RNA-
dependent RNA polymerase, which inhibits viral genome 
replication. It boasts a broad antiviral spectrum, allowing 
its use in various infections such as influenza and Ebola. 
Originally synthesized in 2005, it was first approved for the 
treatment of influenza in Japan and later received approval in 
Russia for the treatment of COVID-19 (14,18).

Clinical studies on the efficacy of favipiravir for COVID-19 
treatment have yielded conflicting results. In a meta-analysis, 
the pooled analysis of five studies indicated that favipiravir was 
associated with a higher clinical improvement rate than the 
control group, although the difference did not reach statistical 
significance [OR: 1.54; 95% confidence interval (CI): 0.78-3.04]. 
Additionally, the viral clearance rate at days 4-5, 7-8, and 10-
12 did not differ between favipiravir and the comparator, and 
the risk of adverse events was similar between the groups 
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(18). However, in another recent meta-analysis of nine studies 
comparing the efficacy of favipiravir with that of other control 
groups, a significant clinical improvement was observed in 
the favipiravir group versus the control group during the 
seven days following hospitalization (RR: 1.24, 95% CI: 1.09-
1.41; p=0.001). Although viral clearance was higher 14 days 
after hospitalization in the favipiravir group, this finding 
did not reach statistical significance (RR: 1.11, 95% CI: 0.98-
1.25; p=0.094). The mortality rate was observed to be 30% 
lower in the favipiravir group, but this finding did not achieve 
statistical significance (19).

Lopinavir/Ritonavir 

Lopinavir and ritonavir were among the first drugs 
investigated in clinical trials for the treatment of COVID-19. 
Despite showing inhibitory effects against SARS-CoV-2, three 
RCTs conducted among hospitalized patients with COVID-19 
indicated that treatment with lopinavir/ritonavir failed to 
demonstrate any significant benefits in terms of mortality, the 
need for invasive mechanical ventilation, or 28-day hospital 
discharge rates (20,21,22,23). Current guidelines discourage 
the use of the lopinavir/ritonavir combination in hospitalized 
patients with COVID-19 (5,6,7,14).

Adjuvants/Supportive Treatment

Dexamethasone 

Dexamethasone is a synthetic glucocorticoid, a 
fluorinated derivative of prednisone, known for its potent 
and prolonged anti-inflammatory and immunosuppressive 
effects. Glucocorticoids, including dexamethasone, have been 
investigated for their potential to modulate inflammation-
mediated lung injury, thereby reducing the progression to 
respiratory failure and death in COVID-19 patients (15).

The primary efficacy data on glucocorticoids in COVID-19 
comes from a substantial open-label trial conducted in the 
United Kingdom. In this study, 2104 patients with confirmed 
or suspected COVID-19 were randomly assigned to receive 
dexamethasone (administered at 6 mg orally or intravenously 
(IV) daily for up to 10 days), whereas 4,321 patients received 
usual care (24). The primary endpoint was mortality at 
28 days. The results showed that 22.9% of patients in the 
dexamethasone group and 25.7% in the standard care group 
died within 28 days after randomization (age-adjusted OR: 
0.83, 95% CI: 0.75-0.93; p<0.001).

Furthermore, the study demonstrated that the 
dexamethasone group had a lower death rate than the 
standard care group among patients receiving invasive 

mechanical ventilation (29.3% vs. 41.4%; RR: 0.64, 95% CI: 
0.51-0.81) and those receiving oxygen without invasive 
mechanical ventilation (23.3% vs. 26.2%; RR: 0.82, 95% CI: 
0.72-0.94). However, no significant difference was observed 
among patients who did not receive respiratory support at 
the time of randomization (17.8% vs. 14.0%; RR: 1.19, 95% CI: 
0.92-1.55).

In conclusion, the study indicated that dexamethasone 
treatment resulted in lower 28-day mortality in patients 
hospitalized for COVID-19 who were undergoing mechanical 
ventilation or oxygen therapy. However, it did not show a 
significant benefit for patients who did not receive respiratory 
support at the time of randomization. Consequently, 
dexamethasone is recommended for severely ill COVID-19 
patients requiring supplemental oxygen or ventilator support.

Tocilizumab 

Tocilizumab is a recombinant humanized IgG1 monoclonal 
antibody (mAbs) that specifically binds to both soluble and 
membrane-bound receptors for IL-6, thereby inhibiting this 
signaling pathway and reducing its pro-inflammatory effects 
of interleukin (IL)-6 (25).

Cumulative evidence suggests a mortality benefit 
associated with tocilizumab (26,27). In a meta-analysis 
encompassing 27 randomized trials involving over 10,000 
patients hospitalized with COVID-19, all-cause mortality 
was lower among those receiving tocilizumab than among 
those receiving placebo or standard of care (OR: 0.83, 95% CI: 
0.74-0.92) (26,27). The two largest trials within this analysis, 
conducted in patients with severe and critical COVID-19, 
provide support for the use of tocilizumab. However, several 
other trials failed to demonstrate a mortality benefit or other 
clear clinical advantages with these agents (28,29,30). As an 
example, a double-blind, randomized trial involving 243 
patients with severe COVID-19, who were not intubated but 
showed evidence of a proinflammatory state (elevations in 
C-reactive protein, ferritin, D-dimer, or lactate dehydrogenase), 
did not reveal a significant difference in the rate of intubation 
or death with a single dose of tocilizumab compared with 
placebo (10.6% versus 12.5%, hazard ratio: 0.83, 95% CI: 0.38-
1.81) (31). Tocilizumab also did not reduce the risk of disease 
progression.

Baricitinib 

Baricitinib, a selective inhibitor of Janus activated kinase 
1 (JAK1) and Janus activated kinase 2 (JAK2), serves as a 
modulator of signaling pathways for cytokines and growth 
factors that are pivotal in hematopoiesis, inflammation, 
and immune response (32). Beyond its immunomodulatory 
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effects, it is conjectured that baricitinib may exhibit antiviral 
properties by disrupting viral entry.

Emerging data posit a mortality advantage associated 
with baricitinib for patients with severe disease, even when 
concurrently administered with dexamethasone (33). In 
an expansive open-label randomized trial encompassing 
over 8,000 hospitalized COVID-19 patients, baricitinib 
demonstrated a reduction in 28-day mortality compared 
with standard care alone (12% vs. 14%; relative risk: 0.87, 
95% CI: 0.77-0.99) (34). Noteworthy is the fact that nearly all 
participants (95%) were concurrently receiving glucocorticoids, 
with 20% on remdesivir and 23% having received tocilizumab. 
While these outcomes align with those of prior baricitinib 
trials, it is noteworthy that the relative reduction in mortality 
was marginally lower in this particular trial (35,36,37). In 
the United States, the FDA has granted approval for the use 
of baricitinib in hospitalized adults requiring supplemental 
oxygen, non-invasive or invasive mechanical ventilation, 
or extracorporeal membrane oxygenation (38). Tofacitinib, 
another JAK inhibitor, is a potential alternative in situations 
where baricitinib is not readily available.

Anakinra

Anakinra inhibits the biological activity of IL-1, a 
proinflammatory cytokine associated with severe COVID-19. 
It counteracts the production of nitric oxide, prostaglandin 
E2, and collagenase in the synovium, fibroblasts, and 
chondrocytes (14,15).

A systematic review and patient-level meta-analysis 
conducted by Kyriazopoulou et al. (39) examined pooled data 
from 1,185 patients across nine studies, including individual 
patient data from 895 patients in six of the analyzed studies. 
Mortality was significantly lower in patients treated with 
anakinra (11%) than in those receiving standard care with 
or without a placebo [25%; adjusted OR: 0.32 (95% CI: 0.20-
0.51)]. The use of anakinra, compared with standard care, was 
not associated with a significantly increased risk of secondary 
infections [OR: 1.35 (95% CI: 0.59-4.0)].

However, several trials of IL-1 inhibitors, including 
anakinra in hospitalized patients with non-severe COVID-19 
and canakinumab in patients with severe COVID-19, have not 
demonstrated a reduction in ventilator-free or overall survival 
(40,41,42). Consequently, it remains uncertain whether 
anakinra offers advantages over other immunomodulatory 
agents that have demonstrated efficacy, such as IL-6 or JAK 
inhibitors.

Agents Supporting the Host Natural 
Immunity

Interferons 

All viruses trigger an antiviral response that relies on the 
immediate production of interferon (IFN)-β in the host. The 
binding of IFN-β to its receptor then triggers the production of 
IFN-α. If the production of IFN-α/β occurs immediately and is 
intense enough, the infection can be stopped (14,15).

IFNs play a role in the pathogenesis of SARS-CoV-2. Low 
levels of IFN-I and IFN-III have been found among patients 
infected with SARS-CoV-2, and impaired IFN production has 
been associated with low viral clearance (14). Inborn errors 
of TLR3- and IRF7-dependent type I IFN immunity have been 
found to be related to life-threatening COVID-19 pneumonia 
(43).

In situations of an inefficient IFN response, the virus 
replicates, triggering a second inflammatory/immune 
response, which may become explosive and potentially result 
in a cytokine storm and acute respiratory distress syndrome.

In a meta-analysis of five RCTs regarding the effectiveness 
of IFN-β for the treatment of COVID-19, the average mortality 
rate was reported as 6.1% and 18.0% in the intervention and 
control groups, respectively. Likewise, the median days of 
hospitalization were lower in the intervention group (9 days) 
than in the control group (12.25 days), and IFN-β was found 
to increase the overall discharge rate (RR: 3.05; 95% CI: 1.09-
5.01) (44).

However, in the SOLIDARITY clinical trial, death occurred 
in 243 of 2,050 patients receiving IFN and in 216 of 2,050 
receiving the control (rate ratio: 1.16; 95% CI: 0.96 to 1.39; 
p=0.11), and IFN did not reduce mortality, overall or in any 
subgroup, or reduce initiation of ventilation or hospitalization 
duration (23).

Consequently, IFN-β could have a role for treating 
COVID-19, especially if started earlier during the disease, 
but further RCTs, including a larger number of patients, are 
needed.

Anti-SARS-CoV-2 Monoclonal Antibodies

mAbs represent a focal point in ongoing investigations 
for the therapeutic management of COVID-19. These 
antibodies are typically synthesized through the identification 
of pathogen-specific B-cells sourced from individuals 
convalescing from recent infections or via the immunization 
of genetically modified mice possessing a humanized immune 
system (45).
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After the identification of B-cells, the genes encoding 
immunoglobulin heavy and light chains are extracted, and 
their expression yields mAbs characterized by a specific 
affinity toward a predetermined target. This manufacturing 
methodology distinguishes itself from convalescent plasma, 
which comprises polyclonal antibodies obtained from 
individuals in the recovery phase of infection (46).

A preponderance of mAb products designed to combat 
SARS-CoV-2 predominantly targets the viral spike protein, 
which is pivotal for the virus’s cellular entry mechanism, 
thereby obstructing viral attachment and subsequent entry 
into human cells. FDA-authorized formulations encompass 
bamlanivimab/etesevimab, casirivimab/imdevimab, and 
sotrovima (47,48,49,50,51).

The Omicron variant has emerged as the dominant 
SARS-CoV-2 variant in the United States. This variant, along 
with its subvariants, exhibits notable reductions in in vitro 
susceptibility to several anti-SARS-CoV-2 mAbs, particularly 
bamlanivimab plus etesevimab and casirivimab plus 
imdevimab. While sotrovimab maintains efficacy against the 
Omicron BA.1 and BA.1.1 subvariants, its in vitro neutralization 
activity substantially diminishes against the Omicron BA.2, 
BA.4, and BA.5 subvariants. Conversely, bebtelovimab retains 
in vitro neutralization activity against circulating Omicron 
subvariants (47,53,54).

Given the ascendancy of the Omicron variant in the 
United States, bebtelovimab is currently the solitary mAb 
recommended for the treatment of COVID-19.

At present, no specific product is designated for post-
exposure prophylaxis. Nevertheless, the IDSA guideline panel 
suggests the post-exposure employment of casirivimab/
imdevimab only under conditions where predominant 
regional variants exhibit susceptibility, accompanied by a 
conditional recommendation and low certainty of evidence. 
Recommendations also extend to the use of tixagevimab 
plus cilgavimab for pre-exposure prophylaxis (PrEP) (55). 
Tixagevimab/cilgavimab has received emergency authorization 
as PrEP against COVID-19 for immunocompromised 
individuals or those unable to be vaccinated or mount an 
effective post-vaccination immune response.

Administration of anti-SARS-CoV-2 mAbs necessitates a 
setting equipped to manage severe hypersensitivity reactions, 
including anaphylaxis. Post-injection, patients should undergo 
monitoring for a minimum duration of 1 hour.

Bebtelovimab

In February 2022, the FDA issued an EUA for bebtelovimab 
to address mild to moderate cases of COVID-19 in adults 

and specific pediatric patients aged 12 or above, particularly 
when alternative treatment options are either inaccessible 
or deemed clinically inappropriate (56). Bebtelovimab, 
classified as a neutralizing IgG1 mAbs, specifically targets the 
spike protein of SARS-CoV-2. Significantly, it retains binding 
and neutralizing efficacy against all currently identified and 
reported variants of concern, including Omicron and BA.2 
(57).

For non-hospitalized adults aged 18 years and older 
presenting with mild to moderate COVID-19 and at an 
elevated risk of progressing to severe disease, the Panel 
recommends the administration of bebtelovimab as a single 
175 mg IV dose at the earliest opportunity post-diagnosis and 
within seven days of symptom onset. Moreover, bebtelovimab 
is a therapeutic choice for hospitalized adults aged 18 years 
and older with mild to moderate COVID-19, unrelated to 
their hospitalization cause, provided they satisfy the FDA EUA 
criteria for outpatient treatment (55).

Tixagevimab Plus Cilgavimab

Tixagevimab and cilgavimab received EUA from the FDA 
for PrEP against COVID-19 in specific adults and pediatric 
patients in December 2021, with a dosing revision in 
February 2022. According to the IDSA guidelines, PrEP with 
tixagevimab/cilgavimab is recommended over tixagevimab/
cilgavimab for moderately or severely immunocompromised 
individuals at an elevated risk of an inadequate immune 
response to the COVID-19 vaccine or for whom the vaccine is 
not recommended because of a documented serious adverse 
reaction, with a conditional recommendation and low 
certainty of evidence (58,59).

The STORM CHASER study, which focused on post-exposure 
prophylaxis, showed a non-significant reduction in the 
overall study population’s risk of symptomatic COVID-19. 
Nevertheless, tixagevimab/cilgavimab is not authorized 
for post-exposure prophylaxis in individuals exposed to 
SARS-CoV-2 (60,61). Notably, the FDA’s EUA was amended in 
February 2022 to increase the initial dosing of tixagevimab/
cilgavimab for PrEP because of potential decreased activity 
(12 to 424-fold) against Omicron subvariants BA.1 and BA.1.1, 
while maintaining presumed neutralization efficacy against 
the BA.2 subvariant.

Similarly, the recommendations from the European 
Society of Clinical Microbiology and Infectious Diseases 
(ESCMID) include conditional recommendations for the use of 
tixagevimab-cilgavimab in high-risk, unvaccinated outpatients 
with mild-to-moderate COVID-19, contingent upon its activity 
against the infecting variant or the predominant variants based 
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on epidemiological data, with a moderate recommendation. 
There are also conditional recommendations for the use of 
tixagevimab-cilgavimab in high-risk outpatients at risk of 
vaccine failure with mild-to-moderate COVID-19, but with a 
very low recommendation. However, there are insufficient 
data to provide a recommendation for fully vaccinated 
patients with no risk factors for vaccine failure (62). In 
addition, the panel decided not to evaluate drugs currently 
unavailable outside the United States, such as bebtelovimab.

Sotrovimab

Data regarding sotrovimab for the treatment of COVID-19 
have predominantly emanated from two clinical trials-one 
involving outpatients and the other focusing on hospitalized 
patients (53,63). In alignment with the recommendations 
of the ESCMID, conditional suggestions have been proposed 
for the application of sotrovimab in high-risk, unvaccinated 
outpatients exhibiting mild-to-moderate COVID-19. The 
stipulation for this recommendation is the confirmed activity 
of sotrovimab against the infecting variant, determined 
through individual testing, or its efficacy against the 
predominant variants based on epidemiological data. The 
quality of evidence substantiating this recommendation is 
moderate.

In addition, conditional suggestions are in place for the use 
of sotrovimab in high-risk outpatients susceptible to vaccine 
failure with mild-to-moderate COVID-19. Analogous to the 
prior scenario, confirmation of sotrovimab activity against the 
infecting variant through individual testing or its effectiveness 
against predominant variants based on epidemiological data 
is required. However, the quality of evidence supporting 
this recommendation is considered very low. Regrettably, 
the available data do not provide adequate information to 
describe a recommendation for fully vaccinated patients 
devoid of identified risk factors for vaccine failure.

COVID-19 Convalescent Plasma

Plasma obtained from individuals who have recovered 
from COVID-19 may contain antibodies against SARS-CoV-2, 
potentially aiding in the suppression of viral replication 
(64). In April 2020, the FDA established an Expanded Access 
Program (EAP) and an Emergency Investigational New Drug 
pathway, allowing individuals to access convalescent plasma. 
The EAP served as a primary means of obtaining convalescent 
plasma in the United States (65), and detailed information 
about both programs was made available on the FDA website.

In August 2020, the FDA issued an EUA for COVID-19 
convalescent plasma (CCP) for treating hospitalized COVID-19 
patients. High-titer convalescent plasma has demonstrated 

efficacy in reducing the risk of COVID-19-associated 
hospitalization. However, challenges exist in the collection, 
screening, and quantification of convalescent plasma 
antibody levels. The EUA, revised in February 2021, restricted 
the authorization for high-titer CCP to treat hospitalized 
patients with COVID-19 early in their disease course or those 
with impaired humoral immunity. Subsequent revisions 
in December 2021 limited the use of CCP to outpatients or 
inpatients with COVID-19 having an immunosuppressive 
disease or receiving immunosuppressive treatment, excluding 
its authorization for use in immunocompetent patients 
(66,67).

Given the dominance of the Omicron variant in the United 
States, the COVID-19 Treatment Guidelines Panel strongly 
advises against using CCP collected before the emergence of 
the Omicron variant for COVID-19 treatment. Furthermore, 
the Panel recommends against CCP use for treating COVID-19 
in hospitalized, immunocompetent patients based on 
strong recommendations and evidence from one or more 
randomized trials without major limitations. Regarding 
the use of high-titer CCP collected after the emergence of 
Omicron for treating immunocompromised patients and non-
hospitalized, immunocompetent patients with COVID-19, 
there is insufficient evidence for a definitive recommendation. 
In vitro data suggest neutralizing activity against the Omicron 
variant but do not provide conclusive evidence of clinical 
efficacy in the current context (68,69,70,71).

The IDSA guidelines align with these recommendations, 
strongly advising against the use of CCP for hospitalized patients 
with COVID-19 based on moderate certainty of evidence. 
The FDA recommends administering 1 unit of convalescent 
plasma (approximately 200 mL), with an additional unit being 
considered based on clinical judgment. High-titer CCP is 
preferred, especially when administered early in the disease 
course (preferably within 3 days of diagnosis). However, 
predicting the antibody titer in plasma is challenging, and 
measurement before use is recommended when feasible. The 
FDA defines “high-titer” convalescent plasma on the basis of 
neutralizing antibody titers in specific assays (72).

The safety and efficacy of CCP during pregnancy and in 
pediatric patients have not been systematically evaluated in 
clinical trials. Published data are limited to case reports and 
case series, suggesting that the use of CCP in these populations 
should be considered on a case-by-case basis, adhering to EUA 
criteria. Adverse effects associated with CCP administration 
include transfusion-transmitted infections (e.g., HIV, hepatitis 
B, hepatitis C), allergic reactions, anaphylactic reactions, 
febrile non-hemolytic reactions, transfusion-related acute 
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lung injury, transfusion-associated circulatory overload, 
hemolytic reactions, hypothermia, metabolic complications, 
and post-transfusion purpura.

Anticoagulant and Antiplatelet Therapy

It is recommended that patients with COVID-19 who 
are undergoing anticoagulant or antiplatelet therapies for 
underlying conditions should continue these medications, 
unless significant bleeding develops or other contraindications 
are present (73). For hospitalized patients with COVID-19 
experiencing rapid deterioration of pulmonary, cardiac, or 
neurological function or sudden, localized loss of peripheral 
perfusion, it is recommended to evaluate the patients for 
thromboembolic disease (70). In hospitalized patients, 
low-molecular-weight heparin (LMWH) or unfractionated 
heparin (UFH) is preferred over oral anticoagulants because 
of their shorter half-lives, quick reversibility, ability for 
IV or subcutaneous administration, and fewer drug-drug 
interactions. When heparin is used, LMWH is preferred over 
UFH.

In non-hospitalized patients with COVID-19, the use of 
anticoagulants and antiplatelet therapy for the prevention 
of venous thromboembolism or arterial thrombosis is not 
recommended, except in a clinical trial. This recommendation 
does not apply to patients with other indications for 
antithrombotic therapy.

The COVID-19 treatment guidelines of the NIH recommend 
against routinely continuing venous thromboembolism 
prophylaxis after hospital discharge for patients with 
COVID-19, unless they have another indication or are 
participating in a clinical trial. For patients discharged after 
COVID-19-related hospitalization who are at high risk of 
venous thromboembolism and at low risk of bleeding, there 
is insufficient evidence for the Panel to recommend either 
for or against continuing anticoagulation unless another 
indication for VTE prophylaxis exists (70). The ESCMID 
guidelines recommend against the use of an intermediate 
dose of LMWH in critically ill patients with COVID-19 at a 
moderate evidence level. However, the use of intermediate or 
therapeutic doses of LMWH in non-critically ill patients with 
COVID-19 is recommended only in the context of a clinical 
trial at the moderate evidence level (62).

Supplements

Vitamin C

Vitamin C (ascorbic acid) is a water-soluble vitamin that 
has been investigated for potential therapeutic effects in 

individuals with varying degrees of illness severity. Functioning 
as an antioxidant and free radical scavenger, it exhibits anti-
inflammatory properties, influences cellular immunity 
and vascular integrity, serves as a cofactor in endogenous 
catecholamine generation, and has been scrutinized in 
numerous disease states, including COVID-19 (74,75). However, 
most studies on COVID-19 suffer from significant limitations, 
such as small sample sizes, a lack of randomization or 
blinding, divergent doses or formulations of vitamin C, 
disparate outcome measures, and heterogeneous study 
populations comprising patients with varying concomitant 
medications and COVID-19 disease severity.

To offer more definitive guidance on the role of vitamin 
C in the prevention and treatment of COVID-19, it is 
imperative to conduct adequately powered, well-designed, 
and meticulously executed clinical trials. At present, there 
is insufficient evidence to either recommend or discourage 
the use of vitamin C for treating COVID-19 in both non-
hospitalized and hospitalized patients (70).

Vitamin D

Vitamin D plays a crucial role in bone and mineral 
metabolism. The expression of the vitamin D receptor in 
immune cells, including B-cells, T-cells, and antigen-presenting 
cells, coupled with the ability of these cells to synthesize the 
active vitamin D metabolite, suggests that vitamin D can 
modulate both innate and adaptive immune responses (76). 
This immunomodulatory capacity raises the possibility that 
vitamin D could offer protection against SARS-CoV-2 infection 
or mitigate the severity of COVID-19. Notably, vitamin D 
deficiency is more prevalent among older individuals and 
those with obesity and hypertension, conditions that have 
been correlated with poorer outcomes in COVID-19 patients 
(77). Consequently, there is currently insufficient evidence to 
recommend either for or against the use of vitamin D for the 
prevention or treatment of COVID-19 (70). Further research is 
needed to establish clearer guidelines regarding the role of 
vitamin D in COVID-19.

Zinc 

Elevated intracellular concentrations of zinc have 
demonstrated effective inhibition of the replication processes 
of various RNA viruses (78). The correlation between zinc 
and COVID-19, exploring the impact of zinc deficiency on 
the severity of COVID-19 and the potential improvement of 
clinical outcomes through zinc supplementation, is currently 
a subject of investigation. Accurately measuring zinc levels 
proves challenging because of its distribution as a component 
of diverse proteins and nucleic acids (79). To provide 
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What is known on this subject? 
The Clinical Laboratory Standards Institute (CLSI) 
and the European Committee on Antimicrobial 
Susceptibility Testing, Polymyxin Breakpoints Working 
Group published a report in 2016 indicating that the 
colistin susceptibility test should only be performed 
with the broth microdilution method, in accordance 
with the rules set in International Organization for 
Standardization. Users of semi-automated devices 
should apply rigorous quality control and check with 
the manufacturer whether or not they are confident 
that their method for colistin antibiotic susceptibility 
test gives correct results.

What this study adds? 
In this study, we compared the colistin susceptibility 
results of gram- negative bacteria isolated between 
June 2021 and June 2022, studied with Sensititre FRCOL 
and Phoenix M50. Thus, we aimed to determine the 
reliability of Phoenix M50 for reporting colistin results.
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ABSTRACT

Objective: In the report published by the Clinical Laboratory Standards Institute-European Committee on 
Antimicrobial Susceptibility Testing (EUCAST), Polymyxin Breakpoints Working Group, they recommended 
that laboratories using semi-automatic devices take into account the manufacturer’s recommendations 
and implement strict quality control (QC) studies when reporting the colistin result. In this study, we 
compared the one-year colistin susceptibility results with those of Sensititre FRCOL and Phoenix M50. 
Thus, we aimed to determine the reliability of Phoenix M50 for reporting colistin results.

Material and Methods: Extensively drug-resistant Gram-negative bacteria grown from clinical samples 
that arrived at the laboratory between June 2021 and June 2022 were included. MALDI- TOF Microflex LT/
SH Smart MS was used for bacterial identification, and Phoenix M50 and Sensititre FRCOL were used for 
colistin antibiotic susceptibility testing, according to the manufacturer’s recommendations. The results 
obtained were evaluated in line with the EUCAST criteria. QC was performed using Escherichia coli ATCC 
25922 and NCTC 13846  strains in accordance with EUCAST recommendations.

Results: We studied 782 strains of K. pneumoniae (n=175), P. aeruginosa (n=99), and A. baumannii (n=508). 
Categorical agreements were 90.3%, 93.9%, and 94.5%. The    very major error rate (VME) of Phoenix M50 was 
found to be 40.4%. Considering the VME for K. pneumoniae, A. baumannii, and P. aeruginosa, 17.7%, 75.0%, 
and 100.0% were found, respectively. The ME rates of K. pneumoniae, A. baumannii, and P. aeruginosa were 
5.3%, 0.8%, and 1.1%, respectively.

Conclusion: The susceptible colistin results of these bacteria by Phoenix M50 should be confirmed by 
broth microdilution as the VME is above acceptable values. While the results of colistin detection resistant 
by Phoenix M50 could be reported for P. aeruginosa and A. baumannii,    it needs to be confirmed with broth 
microdilution for K. pneumoniae.
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Introduction

Colistin, initially isolated from the soil bacterium 
Paenibacillus polymyxa subsp. colistins in 1947, is a polypeptide 
antibiotic effective against Gram-negative bacteria (1). 
Although colistin was used for years after its discovery, 
because of its high toxicity, it was replaced with other less 
toxic antibiotic groups in the 1970s. The rapid increase in 
multidrug-resistant Gram-negative bacteria recently has again 
led colistin to come into question as a treatment option (2).

While determining the harm- benefit balance of this 
highly toxic drug, the sensitivity result from the laboratory 
is critical in terms of guiding clinicians. In addition, the 
Clinical Laboratory Standards Institute (CLSI) and European 
Committee on Antimicrobial Susceptibility Testing (EUCAST) 
Polymyxin Breakpoints Working Group published a report 
in 2016 indicating that the colistin susceptibility test should 
only be performed with broth microdilution method, in 
accordance with the rules set in International Organization 
for Standardization (ISO) standards, and other methods, 
including agar dilution, disc diffusion, and gradient strip test, 
should not be used (3). Although the recommendations favor 
using the microdilution method, its use is limited as it is time-
consuming and expensive, and the results are dependent on 
the experience of the laboratory staff.

Finally, this report was updated in May 2020 and includes 
the following statement: “we could not systematically 
evaluate semi-automated colistin methods, but by sending 
isolates with minimum inhibitory concentration (MIC) values 
in the non-susceptible range to colleagues around the world, 
we have disclosed the frequent occurrence of very major 
errors." Users of semi-automated devices should apply 
rigorous quality control (QC) and check with the manufacturer 
whether or not they are confident that their method for 
colistin AST gives correct results. QC of colistin must be 
performed with both a susceptible QC strain (Escherichia coli 
ATCC 25922 or Pseudomonas aeruginosa ATCC 27853) and the 
colistin-resistant E. coli NCTC 13846 (mcr-1 positive). For E. 
coli NCTC 13846, the colistin MIC target value is 4 mg/L and 
should only occasionally be 2 or 8 mg/L (4). When the 2023 
guidelines of these two organizations are examined, EUCAST 
states that the only method that can be used for colistin is 
the broth microdilution method, and CLSI states that broth 
microdilution, agar dilution, and disk elution methods can be 
used for colistin (5,6).

Our institution is a large hospital with a capacity of 2,700 
beds, serving national and international patients. Extensive 
drug-resistant Gram-negative bacteria grow, especially in 

samples taken from hospitalized patients, and the use of 
colistin for treating these microorganisms is inevitable. 
Phoenix M50 (semi- automated system) is used for antibiotic 
susceptibility tests in our laboratory. Colistin susceptibility 
tests for extensively drug-resistant Gram-negative bacteria 
are reported with the results of Sensititre FRCOL. In this study, 
we compared the susceptibility results of colistin in Gram-
negative bacteria isolated between June 2021 and June 2022, 
which were studied with Sensititre FRCOL (commercial broth 
microdilution system) and Phoenix M50. Thus, we aimed to 
determine the reliability of Phoenix M50 in reporting colistin 
susceptibility test results.

Material and Methods

In this study, extensively drug-resistant K. pneumoniae, 
A. baumannii, and P. aeruginosa isolates grown from clinical 
samples that arrived at the laboratory between June 2021 
and June 2022 were included. MALDI-TOF Microflex LT/SH 
Smart MS (Bruker Daltonics, Germany) was used for bacterial 
identification, and Phoenix M50 (BD Diagnostics, USA) and 
Sensititre FRCOL (Thermo Scientific, West Sussex, UK) were 
used for colistin antibiotic susceptibility testing, according to 
the manufacturer’s recommendations. The results obtained 
were evaluated in line with the EUCAST criteria (7,8,9). The 
study was approved by the University of Health Sciences 
Turkey,	 Başakşehir	 Çam	 and	 Sakura	 City	 Hospital	 Clinical	
Research Ethics Committee (decision no: 2022-138, date: 
27.04.2022).

According to EUCAST version 12.0 recommendations, MIC 
breakpoints	 of	 colistin	 ≤2	 mg/L	 for	 Klebsiella pneumoniae 
and Acinetobacter baumannii;	 ≤4	 mg/L	 for	 P. aeruginosa 
considered susceptible and >2 mg/L for K. pneumoniae and 
A. baumannii; >4 mg/L P. aeruginosa considered resistant. QC 
studies for Phoenix M50 and Sensititre FRCOL were regularly 
performed with E. coli ATCC 25922 and E. coli NCTC 13846 
strains (4).

The sensitivity, specificity, positive predictive values (PPV), 
and negative predictive values (NPV) of the Phoenix M50 
were evaluated based on the sensitivity FRCOL. Results were 
evaluated according to the ISO criteria. Categorical aggrement 
(aggrement of sensitive and resistant results of the two 
systems), major error (ME) (susceptible by Sensititre FRCOL, 
but resistant by the Phoenix M50), and very major error (VME) 
(resistant by Sensititre FRCOL, but susceptible by the Phoenix 
M50) of the Phoenix M50 were calculated according to the 
Sensititre FRCOL [categorical agreement (CA) >90%; ME and 
VME <3%] (10).



103Ceylan et al. Colistin Performance of the Phoenix M50

Cam and Sakura Med J 2023;3(3):101-106

Statistical Analysis

Statistical analyses were conducted with using “IBM SPSS 
Statistics” (version 26.0, Chicago) statistical software. The 
agreements between the Phoenix M50 and sensitivity were 
evaluated using Cohen’s Kappa (κ) analysis. A κ value above 
0.80	was	interpreted	as	excellent,	between	0.60	and	≥0.80	as	
good,	between	0.60	and	≥0.40	as	moderate,	and	between	0.40	
and	≥0.20	as	low	moderate	agreement.

Results

The susceptibility results of all isolates studied with Phoenix 
M50 and sensitivity FRCOL are shown in Tables 1 and 2.

Susceptibility test results in K. pneumoniae isolates revealed 
a significant correlation between Sensititre and Phoenix 
M50 (κ: 0.784, p<0.001; Figure 1A). Moreover, susceptibility 
results in P. aeruginosa revealed a low correlation between 
Sensititre and Phoenix M50 (κ: 0.004, p=0.883; Figure 1B). 
The susceptibility results in A. baumannii revealed a low-
significant correlation between Sensititre and Phoenix M50 
(κ: 0.149, p<0.001; Figure 1C).

The sensitivity of Phoenix M50 was 94.38% [confidence 
interval (CI): 92.43%-95.96%], specificity was 84.29% (CI: 
73.62%-91.89%), PPV was 98.39% (CI: 97.26%-99.06%), and 
NPV was 59.60% (CI: 51.78%-66.96%) in all strains (Table 3).

For K. pneumoniae, the sensitivity of Phoenix M50 was 
90.68% (CI: 83.93%-95.25%), specificity was 89.47% (CI: 78.48%-
96.04%), PPV was 94.69% (CI: 89.30%-97.44%), and NPV was 
82.26% (CI: 72.40%-89.13%) (Table 4).

For P. aeruginosa, the sensitivity of Phoenix M50 was 
94.90% (CI: 88.49%-98.32%), specificity was 0.00% (CI: 0.0%-
97.50%), PPV was 98.94% (CI: 98.89%-98.98%), and NPV was 
0% (CI: -) (Table 4).

For A. baumannii, the sensitivity of Phoenix M50 was 
99.16% (CI: 97.86%-99.77%), specificity was 25.0% (CI: 11.46%-
43.40%), PPV was 95.16% (CI: 94.15%-96.00%), and NPV was 
66.67% (CI: 38.88%-86.28%) (Table 4).

When the susceptibility test results of 782 isolates were 
analyzed, the CA was 93.5%. Among 782 isolates, A. baumannii 
(508), K. pneumoniae (175), and P. aeruginosa (99) were 
analyzed separately and CA was 94.5%, 90.3%, and 93.9%, 
respectively. Essential agreement could not be calculated 
because the Phoenix M50 device had few colistin wells.

The percentages of VME for K. pneumoniae, P. aeruginosa 
and A. baumannii were 17.7%, 100.0% and 75.0%, respectively. 
In contrast, the percentages of ME for K. pneumoniae, P. 
aeruginosa and A. baumannii were 5.3%, 1.1% and 0.8%, 
respectively.

Table 1. MIC values of all isolates by sensitivity Sensititre FRCOL

Organism 0.25 0.5 1 2 4 8 16 32 64 ≥128 Total Susceptibility

Acinetobacter baumannii 1 108 316 51 11 7 8 4 0 2 508 93.7%

Klebsiella pneumoniae 5 66 19 23 15 7 16 15 6 3 175 64.5%

Pseudomonas aeruginosa 1 5 23 61 4 3 1 0 1 0 99 94.9%

MIC: Minimum inhibitory concentration

Table 2. MIC values of all isolates by Phoenix M50

Organism ≤1 2 4 >4 Total Susceptibility

Acinetobacter baumannii 494 2 2 10 508 97.6%

Klebsiella pneumoniae 118 0 0 57 175 67.4%

Pseudomonas aeruginosa 98 0 0 1 99 98.9%

MIC: Minimum inhibitory concentration

Table 3. Comparison of antibiotic sensitivity results of Phoenix M50 with sensitivity FRCOL

Phoenix M50

Susceptible (n) Resistant (n) Total (n)

Sensititre Susceptible 672 11 683

Resistant 40 59 99

Total 712 70 782
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MIC results of colistin-susceptible E. coli ATCC 25922 and 
colistin-resistant E. coli NCTC 13846 were <1 mg/L and 4 mg/L, 
respectively.

Discussion

Colistin is one of the last-choice drugs that is preferred 
for treating extensively drug- resistant and pan-drug- 
resistant Gram-negative bacteria, including P. aeruginosa, 
A. baumannii, and K. pneumoniae infections (7). Therefore, 
determining colistin sensitivity with accurate and reliable 
tests is very important considering the benefit it will 
provide for the patient’s treatment. In 2017, the CLSI and 
EUCAST working group recommended (9) applying the 
reference BMD test using a polystyrene microplate and 
colistin sulfate salt according to the recommendations of 
the ISO-20776-1 to determine colistin susceptibility (10). The 
EUCAST development laboratory has published these results 
by comparing various commercial broth microdilution 
systems, including the sensititre, with the reference method. 
Sensititre stated that the commercial broth microdilution 
system can be used to test the susceptibility of colistin (7). 
According to this study, essential agrement for sensitivity 
was 96% and CA was 95%. No VME was found among the 
75 isolates; only 4 isolates had ME. In different studies, 
commercial broth microdilution systems and reference 
methods were compared, and it was determined that 
colistin sensitivity could be studied with commercial broth 
microdilution systems (7,11,12). The CLSI and EUCAST 
working group reported, which was updated in 2020; 
“Users of semi-automated devices should apply rigorous 
QC and check with the manufacturer whether or not they 
are confident that their method for colistin AST gives 
correct results. QC of colistin must be performed with both 
a susceptible QC strain (E. coli ATCC 25922 or P. aeruginosa 

Table 4. Comparison of antibiotic sensitivity results of Phoenix M50 with sensitivity FRCOL for K. pneumoniae, P. aeruginosa, 
and A. baumannii 

Phoenix M50

K. pneumonia Sensititre Susceptible (n) Resistant (n) Total (n)

Susceptible (n) 107 6 113

Resistant (n) 11 51 62

Total (n) 118 57 175

P. aeruginosa Sensititre Susceptible (n) Resistant (n) Total (n)

Susceptible (n) 93 1 94

Resistant (n) 5 0 5

Total (n) 98 1 99

A. baumannii Sensititre Susceptible (n) Resistant (n) Total (n)

Susceptible (n) 472 4 476

Resistant (n) 24 8 32

Total (n) 496 12 508

Figure 1. Distribution of MIC values for K. pneumoniae (A), P. 
aeruginosa (B), and A. baumannii (C) determined using Sensititre 
FRCOL and Phoenix M50

MIC: Minimum inhibitory concentration
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ATCC 27853) and colistin-resistant E. coli NCTC 13846 (mcr-1 
positive). For E. coli  NCTC 13846, the colistin MIC target value 
is 4 mg/L and should only occasionally be 2 or 8 mg/L.” as 
proposal (4). In our laboratory, Phoenix M50 is routinely 
used for antibiotic susceptibility testing, and a Sensititre™ 
FRCOL (commercial BMD) is used for colistin susceptibility 
testing in line with the recommendations of EUCAST. For 
both systems, QC strains (E. coli ATCC 25922 and E. coli NCTC 
13846) were tested weekly. Since the QC results for colistin 
with Phoenix M50 were within the recommended mean 
limits without exception, we thought that we could report 
the colistin susceptibility with Phoenix M50, instead of the 
more expensive and difficult to implement BMD. Based on 
this thought, we aimed to retrospectively evaluate our one-
year data and compare the results of colistin using Phoenix 
M50 and Sensititre FRCOL, according to the ISO criteria (10).

In a study conducted in Greece in 2017, the colistin 
susceptibility of 117 A. baumannii strains was compared 
with the semi-automatic systems and reference method, 
according to ISO criteria (10). The CA of Vitek 2 and Phoenix 
100 was found to be 89.7% and 88.9%, respectively, and 
VME rates of 37.9% and 41.4%, respectively (13). In another 
study, CA for Vitek 2 was 88.2%, and the ME was 36.0% (12). 
According to the study by Carretto et al. (14), comparing the 
reference method and the Phoenix 100, the CA was found to 
be 96.8%, while the ME was 10%. In another study (15), the 
performance of Phoenix M50 was evaluated using 533 Gram-
negative clinical isolates, and BMD was used as the reference 
method for colistin performance. In the same study, CA was 
found for 131 Gram-negative bacteria, 96 of which were 
colistin-resistant, with a VME of 0% and a ME of 1.5% (15). A 
study conducted in India in 2021 included 25 clinical isolates 
(14 E. coli and 11 K. pneumoniae) and compared the colistin 
susceptibility performance of the Phoenix M50 system with 
the Mikrolatest MIC colistin susceptibility testing kit as a 
reference method. The ratio of VME and ME for colistin in 
the Phoenix M50 system was 0% (16). We compared Phoenix 
M50 and Sensititre FRCOL, a commercial BMD test that 
EUCAST indicated can be used for colistin sensitivit. When we 
examined the susceptibility results of 782 isolates, the CA was 
found to be 93.5%. A. baumannii (n=508), K. pneumoniae 
(n=175) and P. aeruginosa (n=99) were analyzed separately, 
and the CA was calculated as 94.5%, 90.3%, and 93.9%, 
respectively.

Although the CA rates seem high (>90%), when the 
incompatible results are examined in detail, the percentages 
of VME for K. pneumoniae, P. aeruginosa, and A. baumannii 
were 17.7%, 100.0% and 75.0%, respectively. In contrast, the 

percentages of ME for K. pneumoniae, P. aeruginosa, and A. 
baumannii were 5.3%, 1.1%, and 0.8%, respectively.

Based on these percentages, it appears that Phoenix 
M50 “susceptible” results for colistin should not be reported 
for these bacteria. The ME rates for A. baumannii, K. 
pneumoniae, and P. aeruginosa isolates were 0.8%, 5.3%, and 
1.1%, respectively. When compared with Sensititre, it is seen 
that “resistant” results gained from Phoenix M50 could be 
reported for A. baumannii and P. aeruginosa, but should not 
be reported for K. pneumoniae (17).

Broth microdilution is one of the most reliable methods 
for reporting colistin susceptibility. However, in addition 
to the difficulties and cost in implementation, there are 
procedures that must be applied in the study to ensure 
accurate results. As possible contamination may give 
erroneous results, the test should be studied in a biosafety 
cabinet and must be performed with a single experienced 
person to ensure a standardization. In our study, as a final 
control, we also inoculated the suspension on 5% sheep 
blood agar after BMD procedures to check whether it is pure 
or not.

Semi-automated systems are frequently used in clinical 
microbiology laboratories to study susceptibility testing 
because they reduce workload, perform data management 
with expert system analysis software, and provide results in a 
shorter time than conventional methods (18).

Conclusion

As a result, it has been seen that susceptible colistin results 
on the Phoenix M50 for K. pneumoniae, P. aeruginosa, and A. 
baumannii should be validated by broth microdilution, since 
the ME rates are above acceptable values. While the results of 
colistin detection resistant by Phoenix M50 could be reported 
for P. aeruginosa and A. baumannii, it needs to be confirmed 
with broth microdilution for K. pneumoniae. Most of the 
isolates in our study were susceptible. Studies with larger 
sample sizes are required, including more colistin-resistant 
isolates.
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What is known on this subject? 
Conotruncal heart diseases are a group of cardiac 
malformations heterogeneous from an anatomic 
standpoint but with a common embryologic origin: 
abnormal rotation of the outflow tract.

What this study adds? 
In children with conotruncal heart defects, routine 
extracardiac evaluation is beneficial and assists in 
improving surgical outcomes.
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ABSTRACT

Objective: Individuals with conotruncal heart disease (CHD) often exhibit a range of associated anomalies. 
Our study aimed to investigate the frequency of non-cardiac comorbidities in patients with CHD.

Material and Methods: Our study was a hospital-based, single-center, retrospective, observational study 
conducted at our clinic between August 1, 2020, and November 1, 2022. The study included 179 cases, 
both male and female, aged between 0 day and 6 months, with CHDs diagnosed. Data from each patient, 
including gender, complete blood count, biochemical and coagulation tests, abdominal ultrasound (USG), 
cranial USG, and serum immune globulin levels, were evaluated.

Results: In 14.5% of the 179 patients included in the study, abnormal renal function test results were 
detected. In 18.4% of the cases, abnormal liver function test results were detected. When evaluated 
according to the diagnosis group, among the 21 patients diagnosed with interrupted aortic arch (IAA), 7 
(33.3%) had abnormal liver function test results. In 25.7% of the cases, the leukocyte count was abnormal. 
In 12.8% of the cases, the platelet count in the complete blood count was abnormal. In 10.6% of the 
cases, abnormal results were found in the coagulation tests. In 21.2% of the cases, abnormal results were 
found in the serum immunoglobulin (Ig) and Ig subgroups. When evaluated according to the diagnosis 
group, among the 21 patients diagnosed with IAA, 10 (47.6%) had abnormal results. In 19% of the cases, 
abdominal USG results were pathological, and in 9.5% of the cases, cranial USG results were pathological. 

Conclusion: CHD in children may be accompanied by non-cardiac problems that cause hemodynamic and 
systemic problems and affect organ systems. Routine liver function tests, renal function tests, coagulation, 
complete blood count, immune screening, and abdominal USG evaluation may be useful to improve 
the quality of life of patients and reduce morbidity and mortality while waiting for necessary surgical 
interventions.
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Introduction 

Congenital heart defects are the most common type 
of birth defect and one of the major causes of perinatal 
mortality, with a worldwide prevalence of 1 per 100 births (1). 
Because of the heterogeneity within the group of Conotruncal 
heart diseases (CHDs), epidemiologic studies often focus on 
subgroups of conditions, such as conotruncal heart defects 
(CTDs). Conotruncal defects are a subset of serious and 
relatively common CHDs, defined as defects of the cardiac 
outflow tracts of the great arteries. 

This class of defects includes transposition of the great 
arteries (TGA), tetralogy of Fallot (TOF), double outlet right 
ventricle (DORV), ventricular septal defect with pulmonary 
atresia (VSD-PA), interrupted aortic arch (IAA), double 
outlet left ventricle (DOLV), and truncus arteriosus (TA). 
The manifestations and prognoses of CHD in children vary 
significantly. In addition to these diseases, non-cardiac 
problems that cause serious hemodynamic and systemic 
issues and affect organ systems can also occur (2,3). 

Patients with CTDs often require early surgical treatment 
and have high mortality and morbidity (4).

These findings can impact the diagnosis and treatment 
processes of patients. Our study aimed to investigate the 
frequency of extracardiac manifestations in patients with CHD.

Material and Methods

The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the University 
of	Health	 Sciences	 Turkey,	 Başaksehir	 Çam	 and	 Sakura	 City	
Hospital Local Ethics Committee (decision no: 2022.04.130).

Our study was a hospital-based, single-center, retrospective, 
observational study conducted at the Department of Pediatric 
Cardiology, Child Health and Diseases Division,  University 
of	Health	 Sciences	 Turkey,	 Başakşehir	 Çam	 and	 Sakura	 City		
Hospital, between August 1, 2020, and November 1, 2022. 
The study included 179 cases, both male and female, aged 
between 0 day and 6 months, diagnosed with CHD such as 
TGA, TOF, DORV, VSD-PA, IAA, and TA. Data from each patient, 
including gender, complete blood count, biochemical and 
coagulation tests, abdominal ultrasound (USG), cranial USG, 
and serum immunoglobulin levels (IgA, IgG, IgM, and IgG 
subclasses: IgG1, IgG2, IgG3, IgG4), were evaluated. 

In the blood tests obtained from patients, parameters 
such as white blood cell count, platelet count, and 
biochemical factors including renal function tests [urea, 
creatinine (Cr)] and liver function tests (alanine transaminase, 

aspartate aminotransferase, gamma-glutamyltransferase, 
alkaline phosphatase, albumin), as well as coagulation 
tests (prothrombin time, activated partial thromboplastin 
time, fibrinogen), and serum immune globulin levels were 
compared to age-appropriate reference ranges, and values 
falling outside these ranges were considered abnormal. 

The USG results were evaluated by the radiology department 
of	University	of	Health	Sciences	Turkey,	Başakşehir	Çam	and	
Sakura City Hospital.

Statistical Analysis

Statistical analyses were performed using SPSS 25 program 
(SPSS Inc., Chicago, IL, USA). Frequencies and percentages are 
presented for categorical data. Median values and interquartile 
ranges were used for variables with non-normal distributions, 
whereas those with normal distributions were described using 
the mean and standard deviation.

Results

The primary diagnosis of patients is shown in Table 1. 
Extracardiac findings of patients are shown in Table 2. In 
14.5% of the 179 patients included in the study, abnormal 
renal function test results were detected. When evaluated 
according to the diagnosis groups, among the 55 patients 
diagnosed with TGA, 17 (30.9%) had abnormal renal function 
test results. Among the 7 patients diagnosed with DOLV, 
2 (28.6%) had abnormal results. Among the 21 patients 
diagnosed with IAA, 2 (9.5%) had abnormal results. Among the 
13 patients diagnosed with TA, 1 (7.7%) had abnormal results. 
Among the 15 patients diagnosed with DORV, 1 (6.1%) had 
abnormal results. Among the 49 patients diagnosed with TOF, 

Table 1. Gender and diagnosis of patients

n %

Total 179 100.0

Female 76 42.5

Male 103 57.5

TGA 55 30.7

TOF 49 27.4

DORV 15 8.4

VSD-PA 19 10.6

IAA 21 11.7

DOLV 7 3.9

TA 13 7.3

TGA: Transposition of  the great arteries, TOF: Tetralogy of  Fallot, DORV: 
Double outlet right ventricle, VSD-PA: Ventricular septal defect with 
pulmonary atresia, IAA: Interrupted aortic arch, DOLV: Double outlet left 
ventricle, TA: Truncus arteriosus
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3 (6.1%) had abnormal results. No abnormalities were found 
in the renal function test results of the 19 patients diagnosed 
with VSD-PA. There was a statistically significant difference 
among the parameters when evaluating renal function tests 
according to the diagnoses, and the likelihood of abnormal 
results was significantly increased (p=0.02). 

In 18.4% of the cases, abnormal liver function test 
results were detected. When evaluated according to the 
diagnosis groups, among the 21 patients diagnosed with 
IAA, 7 (33.3%) had abnormal liver function test results. 
Among the 7 patients diagnosed with DOLV, 2 (28.6%) had 
abnormal results. Among the 55 patients diagnosed with 
TGA, 15 (27.3%) had abnormal results. Among the 19 patients 
diagnosed with VSD-PA, 4 (21.1%) had abnormal results. 
Among the 15 patients diagnosed with DORV, 2 (13.3%) had 
abnormal results. Among the 13 patients diagnosed with 
TA, 1 (7.7%) had abnormal results. Among the 49 patients 
diagnosed with TOF, 2 (4.1%) had abnormal renal function 
test results. There was a statistically significant difference 
among the parameters when evaluating liver function tests 
according to the diagnoses, and the likelihood of abnormal 
results was significantly increased (p=0.025).

In 25.7% of the cases, the leukocyte count was abnormal. 
When evaluated according to the diagnosis groups, among 
the 55 patients diagnosed with TGA, 26 (47.3%) had abnormal 
leukocyte counts. Among the 7 patients diagnosed with 
DOLV, 2 (28.6%) had abnormal results. Among the 19 patients 
diagnosed with VSD-PA, 4 (21.1%) had abnormal results. 
Among the 15 patients diagnosed with DORV, 3 (20%) had 
abnormal results. Among the 21 patients diagnosed with 
IAA, 4 (19%) had abnormal results. Among the 49 patients 
diagnosed with TOF, 17 (14.3%) had abnormal leukocyte 
counts. There was a statistically significant difference among 
the parameters when evaluating leukocyte counts according 
to the diagnoses, and the likelihood of abnormal results was 
significantly increased (p=0.01). 

In 12.8% of the cases, the platelet count in the complete 
blood count was abnormal. In the complete blood count, 
the platelet count was abnormal in 18.2% of the patients 
diagnosed with TGA, 14.3% of the patients diagnosed with 
IAA and DOLV, 10.5% of the patients diagnosed with VSD-
PA, 10.2% of the patients diagnosed with TOF, and 7.7% of 
the patients diagnosed with TA. There was no statistically 
significant difference among the parameters when evaluating 
platelet counts according to the diagnoses (p=0.894). 

Table 3 summarizes the results of coagulation parameters 
according to diagnoses. In 10.6% of the cases, abnormal results 
were found in coagulation tests. When evaluated according 
to the diagnosis groups, among the 55 patients diagnosed 
with TGA, 12 (21.8%) had abnormal coagulation test results. 
Among the 7 patients diagnosed with DOLV, 1 (14.3%) had 
abnormal results. Among the 19 patients diagnosed with VSD-
PA, 2 (10.5%) had abnormal results. Among the 21 patients 
diagnosed with IAA, 2 (9.5%) had abnormal results. Among 
the 15 patients diagnosed with DORV, 1 (6.7%) had abnormal 

Table 3. Evaluation of coagulation tests according to diagnoses in conotruncal heart diseases

Diagnosis Total number 
of patients

Normal value Non-reference value (abnormal)
p value

Number Original 
diagnosis %

Total 
patient % Number Original 

diagnosis %
Total 
patient %

TGA 55 43 78.2 24 12 21.8 6.7

0.043

TOF 49 48 98 26.8 1 2 0.6

DORV 15 14 93.3 7.8 1 6.7 0.6

VSD-PA 19 17 89.5 9.5 2 10.5 1.1

IAA 21 19 90.5 10.6 2 9.5 1.1

DOLV 7 6 85.7 3.4 1 14.3 0.6

TA 13 13 100 7.3 - - -

TGA: Transposition of  the great arteries, TOF: Tetralogy of  Fallot, DORV: Double outlet right ventricle, VSD-PA: Ventricular septal defect with pulmonary atresia, 
IAA: Interrupted aortic arch, DOLV: Double outlet left ventricle, TA: Truncus arteriosus

Table 2. Evaluation of blood tests in conotruncal diseases

Normal test 
result
n (%)

Anormal test 
result
n (%)

Renal function test 153 (85.5) 26 (14.5)

Liver function test 146 (81.6) 33 (18.4)

Leukocyte counts 133 (74.3) 46 (25.7)

Platelet counts 156 (87.2) 23 (12.8)

Coagulation test 160 (89.4) 19 (10.6)

Immune function test 141 (78.8) 38 (21.2)
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results. Among the 49 patients diagnosed with TOF, 1 (2%) had 
abnormal coagulation test results. There was a statistically 
significant difference among the parameters when evaluating 
coagulation tests according to the diagnoses, and the 
likelihood of abnormal results was significantly increased 
(p=0.043).

In Table 4, Ig levels are shown according to the diagnoses. 
In 21.2% of the cases, abnormal results were found in the 
serum Ig and Ig subgroups. When evaluated according to 
the diagnosis groups, among the 21 patients diagnosed 
with IAA, 10 (47.6%) had abnormal results. Among the 13 
patients diagnosed with TA, 6 (46.2%) had abnormal results. 
Among the 19 patients diagnosed with VSD-PA, 6 (31.6%) 
had abnormal results. Among the 7 patients diagnosed with 
DOLV, 2 (28.6%) had abnormal results. Among the 49 patients 
diagnosed with TOF, 10 (20.4%) had abnormal results. Among 
the 15 patients diagnosed with DORV, 3 (20%) had abnormal 
results. Among the 55 patients diagnosed with TGA, 1 (1.8%) 
had abnormal results in serum Ig and Ig subgroups, indicating 
immunodeficiency. There was a statistically significant 
difference among the parameters when evaluating Ig tests 
according to the diagnoses, and the likelihood of pathological 
results was significantly increased (p<0.001). 

In 19% of the cases, abdominal USG results were 
pathological, and in 9.5% of the cases, cranial USG results 
were pathological. Among abdominal USG pathologies, 70% 
were related to the kidneys (increased renal parenchymal 
echogenicity in 10 patients, renal pelvis dilation in 8 patients, 
horseshoe kidney in 4 patients, and one patient with dysplastic 
kidney). The remaining 30% involved liver and biliary tract 
pathology (increased liver echogenicity in 7 patients, increased 
gallbladder wall thickness, and dilation in 4 patients). When 
evaluated according to the diagnosis groups, among the 15 
patients diagnosed with DORV, 7 (46.7%) had pathological 

abdominal USG results. Among the 55 patients diagnosed 
with TOF, 13 (23.6%) had pathological findings. Among the 19 
patients diagnosed with VSD-PA, 4 (21.1%) had pathological 
findings. Among the 21 patients diagnosed with IAA, 4 (19%) 
had pathological findings. Among the 13 patients diagnosed 
with TA, 2 (15.4%) had pathological findings. Among the 49 
patients diagnosed with TOF, 4 (8.2%) had pathological results 
in abdominal USG. No pathological abdominal USG results 
were found in the 7 patients diagnosed with DOLV. There was 
a statistically significant difference among the parameters 
when evaluating abdominal USG results (p=0.032). Cranial 
USG evaluation showed pathological results in 17 (9.5%) of all 
conotruncal patients. the cranial pathologies detected in USG 
were as follows: 8 cases of corpus callosum abnormalities, 5 
cases of hydrocephalus, 2 cases of cerebellar atrophy, and 2 
cases of choroid plexus cyst. Among these patients, 4 had TGA 
(2.2%), 5 had TOF (2.8%), 3 had PA-VSD (1.7%), 3 had IAA (1.7%), 
and 2 had DOLV (1.1%). There was no statistically significant 
difference among the parameters when evaluating cranial 
USG results according to the diagnoses (p>0.05).

Discussion

In this study, we investigated abnormal laboratory results in 
children with CHD and explored extracardiac manifestations. 
The number of studies conducted in this field is limited. 
Our study suggests the need for better risk classification and 
improved resource allocation for future patients. 

Regarding white blood cell counts, 25.7% of cases had 
abnormal results. Patients diagnosed with TOF exhibited a 
higher frequency of abnormal white blood cell counts (47.4%, 
p=0.01) compared with other diagnoses, whereas TGA cases 
did not show abnormal counts. Among specific diagnoses, 
DOLV had a frequency of 28.6%, VSD-PA had 21.1%, DORV 
had 20%, IAA had 19%, and Fallot tetralogy (FT) had 14.3% 

Table 4. Evaluation of immune function tests according to diagnoses in conotruncal heart diseases

Diagnosis Total number 
of patients

Normal value Non-reference value (abnormal)
 p value

Number Original 
diagnosis %

Total patient 
% Number Original 

diagnosis %
Total patient 
%

TGA 55 54 98.2 30.2 1 1.8 0.6

<0.001

TOF 49 39 79.6 21.8 10 20.4 5.6

DORV 15 12 80 6.7 3 20 1.7

VSD-PA 19 13 68.4 7.3 6 31.6 3.4

IAA 21 11 52.4 6.1 10 47.6 5.6

DOLV 7 5 71.4 2.8 2 28.6 1.1

TA 13 7 53.8 3.9 6 46.2 3.4

TGA: Transposition of  the great arteries, TOF: Tetralogy of  Fallot, DORV: Double outlet right ventricle, VSD-PA: Ventricular septal defect with pulmonary atresia, 
IAA: Interrupted aortic arch, DOLV: Double outlet left ventricle, TA: Truncus arteriosus 
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abnormal white blood cell count frequencies (p=0.01). 
However, it is worth noting that a limited number of studies 
have been conducted in this area. 

Trombocytopenia is a common finding in patients with 
22q11.2 deletion syndrome. Lawrence et al. (5) found that 
approximately 70% of patients exhibited thrombocytopenia 
when compared with control subjects. Our study yielded 
incongruent results with these data. No statistically significant 
differences were observed in thrombocyte counts between 
different diagnoses (p>0.05). 

In our study, 14.5% of cases had abnormal blood urea 
nitrogen, Cr, and kidney function test (KFT) results. Among the 
specific diagnoses, TGA and DOLV cases showed the highest 
rates of abnormalities (30.9% and 28.6%, respectively). No 
abnormalities were found in the KFT results of VSD-PA cases. 
The evaluation of KFT results based on diagnoses revealed 
statistically significant differences between parameters 
(p=0.02), indicating the need for close monitoring of KFT tests. 

For liver function tests, 18.4% of cases yielded abnormal 
results. Evaluating results according to diagnoses, 33.3% of IAA 
cases, 28.6% of DOLV cases, 27.3% of TOF cases, 21.1% of VSD-
PA cases, and 13.3% of DORV cases showed abnormalities. The 
rates were lower in TA and FT cases (7.7% and 4.1% respectively, 
p=0.025). Close monitoring of LFT tests is recommended in CHDs. 

Majiyagbe et al. (6) found a prevalence of 37.1% for 
coagulation abnormalities in children with congenital heart 
diseases and 7.1% in control groups. They also reported a 
significantly higher prevalence of coagulation abnormalities 
in cyanotic CHD patients compared to acyanotic ones (57.1% 
vs. 17.1%). They found significant associations between 
oxygen saturation levels, coagulation abnormalities, and 
cyanotic CTDs. Detection of coagulation anomalies is crucial 
for improving the quality of life and reducing morbidity 
and mortality in cyanotic children with CTDs. Our study 
identified abnormal coagulation test results in 10.6% of the 
cases. This prevalence was highest in TGA cases (21.8%). No 
abnormalities were found in the coagulation tests of TA cases. 
Despite cyanotic heart defects being the predominant cause, 
the prevalence of abnormal coagulation tests in FT cases 
was relatively low. Therefore, routine coagulation screening 
is recommended to enhance the quality of life and reduce 
morbidity and mortality while awaiting corrective surgeries. 

Diller et al. (7) discovered that 27.5% of cases exhibited 
immunodeficiency among 54,449 patients with congenital 
heart diseases. They noted that this condition increased 
hospitalization rates. In our study, 21.2% of the cases exhibited 
out-of-range serum Ig and Ig subclasses test results, indicating 
immunodeficiency (p<0.001). This prevalence was highest in 

IAA and TA cases (47.6% and 46.2%, respectively). Only 1.8% 
of the TGA cases had immunodeficiency. The evaluation of 
immunodeficiency based on diagnoses revealed statistically 
significant differences between parameters (p<0.001), which 
could impact hospitalization rates and durations. 

In our study, 19% of cases yielded pathological abdominal 
USG results. Evaluating results based on diagnoses, 46.7% of 
DORV cases had pathological abdominal USG results, whereas 
no DOLV cases showed pathological abdominal USG results. 
Pathological results were observed in 23.6% of TGA cases, 
21.1% of VSD-PA cases, and 19% of IAA cases (p=0.0329. In our 
study, the frequency of pathological results in cranial USG did 
not exhibit statistically significant differences (p=0.262).

Study Limitations

This study was conducted in a single center with a limited 
number of patients and was retrospective.

Conclusion

Children with CHD can experience non-cardiac issues that 
contribute to hemodynamic and systemic challenges, affecting 
various organ systems. Employing a comprehensive approach 
that involves regular assessments of liver and renal functions, 
coagulation profiles, complete blood counts, immune 
function, and abdominal USG can prove beneficial. These 
measures aim to enhance patients’ quality of life, mitigate 
morbidity and mortality, and provide essential insights while 
awaiting crucial surgical interventions.
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What is known on this subject? 
Chemotherapy and radiotherapy used in the treatment of 
nasopharyngeal cancer may cause mucositis. Mucositis-
related swallowing difficulty is an important contributor 
to the development of malnutrition and requires early 
intervention for nutritional status management using a 
multidisciplinary approach.

What this case report adds?
By identifying the risk of malnutrition at an early stage 
in patients with malignancy, a proactive approach to 
nutrition may contribute to the patient’s recovery in a 
short time and to the success of the treatment.
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ABSTRACT

Head and neck cancers may lead to malnutrition in patients because of the natural course of the disease 
and treatment-related complications. A 36-year-old patient who experienced pain and nutritional 
difficulties due to mucositis after combined chemoradiotherapy for nasopharyngeal cancer was found 
to be at risk for malnutrition. To prevent the development of malnutrition, it was decided to feed him 
through a percutaneous endoscopic gastrostomy (PEG) tube, and sufficient calorie intake was provided. 
The PEG tube was removed after alleviation of symptoms and achieving adequate nutritional performance 
that could meet all calorie needs with oral nutrition. It should be kept in mind that early recognition of 
the malnutrition risk in patients with malignancy and a proactive approach to nutrition will contribute to 
the regression of existing complaints in a short time and the patients’ regaining their former performance.

Keywords: Comprehensive health care, dysphagia, malnutrition, palliative care, percutaneous endoscopic 
gastrostomy

Introduction

Nasopharyngeal cancer is a malignant 
tumor that originates from the nasopharyngeal 
epithelium. Its etiology may be influenced 
by various factors, including genetic factors, 
environmental factors, and viral agents, 
especially Epstein-Barr virus. Undesirable 
conditions such as mucositis, xerostomia, and 
dysphagia in the oral cavity may develop in 
patients with nasopharyngeal cancer because 
of both treatment-related side effects and the 

natural course of the disease, and these may 
lead to nutritional problems (1). 

Enteral nutrition and eligible calorie 
intake should be provided to patients with 
insufficient oral food intake due to various 
underlying benign and malignant diseases 
and complications associated with their 
treatment (2).

This case report aims to highlight the 
impact of early percutaneous endoscopic 
gastrostomy (PEG) and nutritional palliation 
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on disease course and quality of life in a patient with 
nasopharyngeal cancer who experienced rapid weight loss 
and was at risk for malnutrition.

Case Report

A 36-year-old male patient was referred to the family 
medicine outpatient clinic with complaints of difficulty and 
pain while swallowingsolid foods. It was learned that the 
complaints worsened following 32 doses of chemotherapy 
(CT) and 2 doses of radiotherapy (RT) administered for 
nasopharyngeal carcinoma, which was diagnosed 4 months 
ago. Despite using antiseptic oral solution 4 times daily and 
paracetamol 2x500 mg/day, it was noted that his complaints 
did not regress. It was also revealed that the patient had a 
weight loss of more than 7% during the last three months.

Physical examination did not reveal any significant 
finding other than oral mucositis. The patient was evaluated 
clinically and found to have a body mass index of 24.5 kg/m2, 
a Nutrition Risk Score-2002 (NRS) score of 3:3, and a visual 
analogue scale (VAS) score of 6. The albumin level was 4.6 
g/L, the prealbumin level was 17 g/L, the C-reactive protein 
level was 47 mg/L, and the hemoglobin level was 11.5 g/dL, 
according to the findings of the laboratory tests. In the patient 
who was admitted to our palliative care service for nutrition 
and pain relief, the paracetamol dose was changed to 3x500 
mg/day. Moreover, 1x100 mg/day tramadol was added for the 
management of pain, and the VAS decreased to 3. 

The daily calorie requirement of the patient, who was 
deemed to be at risk of nutritional deficiency, was estimated 
and oral nutritional support products were initiated; however, 
it was determined that the daily calorie intake did not meet 
the need due to dysphagia. To determine the etiology of 
dysphagia, it was decided to control the nasopharyngeal 
passage opening, and an opinion was obtained from the 
department of otorhinolaryngology. Upon the detection 
of obliteration in the nasopharynx, the patient was fed 
a glutamine-supplemented nutritional support product 
through the nasogastric tube. Considering the age and 
general condition of the patient, we concluded that the 
continuation of feeding through a nasogastric tube would not 
be appropriate in terms of patient comfort and quality of life. 
It was decided that the patient who will continue to receive 
RT should be fed a PEG tube. PEG placement was performed 
after a decision was made with the gastroenterology team. No 
complications developed during or after the procedure.

Following PEG placement, a nutrition plan was made 
according to the daily calorie and protein needs of the patient 
together with the palliative care dietitian. He was planned to 

be fed a nutritional support product containing 1.2 calories/
mL and a daily calorie intake of 1900 calories. At the 24th hour 
following the PEG placement, he was started to be fed with 20 
cc/h nutritional supplement and 10 cc/h water. The total daily 
calories needed by the patient were reached on the fourth 
day with a gradual increase in dose. The patient, without 
tolerance problems during his hospitalization in the palliative 
care unit, was discharged with recommendations one week 
after PEG placement, with appropriate training on nutrition 
and maintenance of the PEG tube.

After 15 days, the patient’s outpatient control was found 
to be suitable, and it was observed that the complaints of 
mucositis and dysphagia regressed. 

In the control examination 4 weeks after discharge, the 
patient’s complaints completely disappeared, and accordingly, 
it was observed that the patient’s oral intake also increased, 
and he gained 9 kg in 30 days, and the NRS-2002 score 
was 1. The prealbumin value increased from 17 to 25 g/L, the 
hemoglobin value increased from 11.5 to 13.4 g/dL, and the 
albumin value increased to 4.7 g/L. With the approval of the 
gastroenterology clinic, the patient’s PEG tube was removed, 
and he was interned to the palliative care service. Oral intake 
was stopped for 3 days, and the patient was fed with total 
parenteral nutrition. At the end of day 3, complete closure of 
the gastrostomy incision line was observed with inspection, 
and 10 cc diluted methylene blue was administered with a 
nasogastric tube, and no leakage was detected at the PEG 
incision site. Oral feeding was initiated with regimen 1 liquid 
diet. In the follow-up clinical examinations, by gradually 
revising his diet, the daily calorie requirement was fulfilled 
with the regimen 3 oral diet. The patient, who completed RT, 
was discharged with a VAS score of 1.

Discussion

Palliative care comprises a multidisciplinary treatment 
approach that aims to improve the quality of life of patients 
with chronic diseases and to prevent or lessen the symptoms 
associated with terminal illness and the side effects of the 
treatments.

Palliative care aims to alleviate physical and emotional 
symptoms, especially pain, and to evaluate and support 
nutrition when necessary (3). The main objective of palliative 
care regarding malnutrition is to assess the risk, prevent it 
from developing, andprovide nutritional supportif necessary.

Head and neck malignancies may negatively impact 
nutrition, even in the early stages of the disease. Dysphagia is 
common in patients with head and neck cancer, particularly 
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in those receiving RT (1). It has been revealed that the presence 
of dysphagia increases the risk of malnutrition 2.4 times (4).

Following a multidisciplinary evaluation with 
gastroenterology and otorhinolaryngology regarding a patient 
who was at risk for malnutrition because of head and neck 
cancer, PEG was inserted in the early period before the patient’s 
performance was affected by malnutrition, preventing the 
patient from reaching premorbid nutritional status in a short 
time. In a study by Wiggenraad et al. (5) evaluating the effect 
of prophylactic nutrition with PEG on weight loss in patients 
with head and neck cancer receiving CT, switching to enteral 
nutrition in the early period reduces weight loss. In another 
trial comparing the outcomes of reactive and prophylactic 
PEG tube placement in patients with locally advanced head 
and neck malignancies treated with CT, a decrease in the rates 
of hospitalization, aspiration, and stricture development was 
observed with PEG feeding (6). 

A proactive approach, which includes nutritional support 
by reconfiguring the risk of malnutrition in the early period of 

malignancy, can contribute to the patient’s recovery in a short 
time. In this patient, with a holistic and proactive approach, 
the patient’s quality of life was improved and he was 
supported to return to his previous life as soon as possible.
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What is known on this subject? 
Beta interferons are the first class of disease-modifying 
therapies, and their immunomodulatory effects 
are achieved by inhibiting T-cell activation and 
proliferation. However, modulation and interference 
with the patient’s immune system may lead to adverse 
effects, such as increased susceptibility to infections.

What this case report adds?
This is the first case of pulmonary tuberculosis in a 
pediatric patient with multiple sclerosis treated with 
interferon beta-1a, and effective treatment of serious 
infectious side effects was described.
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ABSTRACT

Interferon (IFN) beta (β) is a potent anti-inflammatory and immunomodulatory agent that is used for 
treating patients with multiple sclerosis (MS). In this study, we present the case of a 15-year-old female 
patient diagnosed with MS and treated with IFN β-1a for six months who was referred to the emergency 
department with complaints of fatigue, fever, and coughing. She was diagnosed with pulmonary 
tuberculosis (TB). IFN β-1a therapy was stopped and anti-TB treatment was initiated. After nine months 
of therapy, she recovered from TB. This case presented with a rare side effect during the treatment of 
pediatric-onset MS with immunomodulatory drugs, demonstrating the importance of screening and close 
follow-up of patients with TB. 

Keywords: Case report, interferon beta, multiple sclerosis, pediatric neurology, tuberculosis

Introduction

Multiple sclerosis (MS) is a chronic 
autoimmune, inflammatory, and 
neurodegenerative disease of the central 
nervous system (CNS) (1). Pediatric-onset MS 
is used to describe patients who develop 
symptoms before 16 years of age (2). 
Immunomodulatory drugs are widely used 
for treating patients with MS to alleviate and 

prevent the accumulation of neurological 
deficits, and their safety and tolerability are well 
established in adults; however, the available 
literature for pediatric-onset MS is limited (3). 
Beta-interferons (β-IFNs) are the first class 
of disease-modifying immunomodulatory 
agents used for treating pediatric-onset MS; 
however, modulation and interference with 
the patient’s immune system may cause 
adverse effects, such as increased susceptibility 
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to infections (4,5). In immunosuppressed patients, one of the 
most significant infections is tuberculosis (TB), but currently, 
there is limited information about the probability of latent TB 
in patients with MS (6,7). TB reactivation can occur because 
of the impact of immunosuppressive treatments on cellular 
immunity and depends on host susceptibility during exposure 
(8,9). Only 4 MS cases treated with IFN β-1b (10) and diagnosed 
with TB have been reported, and we did not find any reported 
active TB in pediatric MS patients treated with IFN β-1a. In 
this study, we present a case of active pulmonary TB in a 
pediatric MS patient treated with IFN β-1a. Informed consent 
was obtained from the patient’s relatives. 

Case Report

A 15-year-old female patient had been referred to our 
hospital two years ago with fatigue, headache, and difficulty 
walking complaints. She did not have any degenerative or 
neurological disorder in her medical and family history. In her 
physical examination, muscle strength in the lower extremities 
was 2/5, reflexes were normoactive, and there was no loss 
of sensation. Laboratory findings and CNS evaluation were 
normal. The immunoglobulin G index and oligoclonal band 
were negative. Magnetic resonance imaging (MRI) revealed 
bilateral diffuse nodular lesions in the left cerebellar peduncle, 
right cerebellar vermis, cerebral peduncle, and anterior pons. 
Based on clinical findings and MRI imaging, the patient was 
diagnosed with MS and treated with 1000 mg prednisone 
for 5 days, and the dose was tapered over 20 days. She was 
followed up without medication during remission. After eight 
months, she was referred to the emergency department 
because of recurring complaints of fatigue, weakness, and 
inability to walk. She was treated with prednisone at the same 
dose again because of her second attack. Her symptoms were 
alleviated, but her walking disability continued. After pulse 
steroid therapy, weekly intramuscular IFN β-1a therapy was 

initiated because of progressive relapsing attacks. After ruling 
out acute infection, the tuberculin skin test (TST) was negative 
and the pulmonary X-ray was reported as normal. While she 
was treated with IFN β-1a therapy, she experienced symptoms 
including fatigue, fever, coughing, and vomiting during 
the sixth month of IFN-β therapy after she had received 
two pulse steroid therapies eight months before. Physical 
examination revealed crepitant rales at 1/3 basal levels of the 
lungs. Pulmonary X-ray showed diffuse bronchopneumonic 
infiltration, and thoracic computed tomography showed 
diffuse centroacinar densities at the superior lobe of the 
left lung and minimal effusion in bilateral fissures (see 
Figure 1a, b). Sputum culture could not be obtained because 
of a lack of patient cooperation. Mycobacterium tuberculosis 
polymerase chain reaction was positive in two consecutive 
gastric aspirates. The TST was anergic. Complications related to 
susceptibility to infection developed in the patient who had a 
history of pulse steroid therapy and was currently undergoing 
IFN-β therapy. The patient was diagnosed with TB. Her IFN-β 
therapy was stopped, and anti-TB treatment was initiated with 
ethambutol 1.5 g/day, pyrazinamide 2 g/day, isoniazide 300 
mg/day, and rifampicin 600 mg/day. Antibiogram confirmed 
M. tuberculosis susceptibility to all first-line drugs. After nine 
months of anti-TB therapy, she was free of TB, and during 
the anti-TB treatment period, the patient did not experience 
a relapse of MS. 

Discussion

In this article, we present the case of a pediatric-onset 
MS patient who was diagnosed with TB while receiving IFN 
therapy. We found that no similar pediatric case has been 
reported in the literature. The treatment of the patient 
was organized on the basis of the recommendations of the 
International Pediatric MS Study Group suggesting early 
disease-modifying treatment for pediatric patients with 

Figure 1. (a) Pulmonary X-ray showing diffuse bronchopneumonic infiltration. (b) Thorax computed tomography showing diffuse 
centroacinar densities at the superior lobe of the left lung representing bronchopneumonic infiltration and minimal effusion in bilateral 
fissures
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relapsing-remitting MS due to the benefits seen in adults. 
We were aware of the importance of long-term follow-up 
in this treatment, particularly in terms of side effects, such 
as activation or reactivation of latent infection, which are 
potentially most probably associated with drugs affecting cell-
mediated immunity (8,11,12).

We diagnosed our patient with pulmonary TB, and 
when we reviewed the literature, we found that TB cases 
have been reported while treated with immunomodulatory 
drugs, including teriflunomide, cladribine, and alemtuzumab 
(13,14,15). Cohen et al. (16) reported two TB cases in >900 
individuals treated with alemtuzumab in clinical trials. At the 
same time, they reported that none of the nearly 400 control 
patients treated with IFN developed TB (16).

The effects of IFN-β were evaluated, and the reported side 
effects were flu-like syndrome and mild transient leucopenia 
(17). Gärtner et al. (18) reported a severe adverse effect rate of 
11.9% (12 events), including benign intracranial hypertension, 
depression, and nephrotic syndrome, and all patients 
recovered.

TB cases under IFN β-1a among other therapies had not 
been reported in the literature until Sirbu et al. (10) described 
4 cases of active pulmonary TC triggered by IFN β-1b therapy 
of MS. The onset of active TB was 28, 49, 35, and 46 years old, 
and the time between IFN-1b treatment initiation and TB was 
12, 48, 36, and 84 months, respectively. IFN β-1b treatment 
was discontinued when active TBC was confirmed and was 
resumed immediately after the cessation of TB treatment. 
One patient was diagnosed with TB again after 14 years 
(10). We diagnosed TB six months after the initiation of IFN 
therapy and discontinued it while she was receiving anti-TB 
therapy. After nine months of treatment, she was TB-free. 
Our limitations were that our case was a single case and our 
observation time was limited. When pediatric MS patients 

treated with IFN-β were evaluated, we did not encounter 
any reported TB cases, and there were many publications 
reporting that relapse rates were reduced in pediatric MS 
cases with the use of IFN-β. Taking into consideration these 
benefits, we planned to reinitiate therapy. 

There is no definitive cure for pediatric-onset MS, but 
appropriate treatment should be initiated as soon as possible 
to slow disability and disease progression. Patients should also 
be monitored for drug-related side effects. This case report 
presents the effective treatment of TB diagnosed after the use 
of IFN-β in a pediatric MS  patient. Considering the favorable 
outcome of the use of IFN-β therapy for treating patients 
diagnosed with pediatric MS, it is appropriate to control the 
patients for respiratory complaints, screening for latent TB, 
and follow-up for infectious pathologies.
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What is known on this subject? 
In typical human anatomy, the cervical vertebrae differ 
from the thoracic and lumbar vertebrae in the presence 
of a pair of foramen transversarium (FT).

What this case report adds?
To date, there has been no reported lumbar FT in a case 
diagnosed with congenital scoliosis. In particular, when 
using pedicle or lateral mass screws for the cervical 
spine, the FT and the possibly accompanying vascular 
structures may be at risk. It should be noted that this 
situation may also occur in congenital scoliosis in the 
trajectory of the transpedicular pedicle screws. In any 
case of suspected congenital scoliosis in which surgical 
intervention is planned, a sensitive evaluation with 
computed tomography angiography is recommended to 
rule out any unexpected anatomic variations.
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ABSTRACT

The foramen transversarium (FT) is frequently mentioned in the cervical spine, and the possibility of 
injury to the vertebral artery and vein passing through this structure is noted, particularly during surgical 
procedures. In this report, we present an atypically located FT at the level of the L5 vertebra, which was 
identified during the pre-operative three-dimensional computed tomography (CT) evaluation of a patient 
with congenital scoliosis in our clinic. A 33-year-old female patient with congenital scoliosis was admitted 
to our clinic because of cosmetic deformities and spinal pain. CT showed multiple bone formation 
abnormalities in the thoracic region and surprisingly, bilateral FT at the level of the L5 vertebra in the 
lumbar region of the spine with no accompanying vascular structures on digital CT angiography. The 
literature defining lumbar FT is sparse. We believe that knowledge of this rare variant can add to the 
relevant literature and that it is important to consider this variant in radiological imaging and surgical 
procedures in this region.

Keywords: Anatomical variation, congenital scoliosis, lumbar foramen transversarium, neurosurgery

Introduction

Congenital scoliosis occurs worldwide with 
a frequency of 0.5-1/1000 births, and 50% of 
cases require treatment. Congenital scoliosis 
is a three-dimensional (3D) deformity of the 

spine characterized by different formation 
and segmentation abnormalities. Surgical 
need depends on the type of anomaly, its 
location, and the general growth potential of 
the individual (1).
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The literature frequently mentions the foramen 
transversarium (FT) and its variations in the cervical spine and 
refers to the possibility of injury to the vertebral artery and 
vein passing through this structure, especially during surgical 
procedures (2,3).

The cervical vertebrae differ from the thoracic and lumbar 
vertebrae in the presence of a pair of FTs. However, there 
are a few reports in the literature in which FT appears as an 
anatomical variation in the lumbar region homologous to 
the foramen processus transversi of the cervical vertebrae (4). 
While recognition of lumbar FT can be ignored in cases that 
do not require invasive procedures, it is essential to consider 
such anatomic differences in cases where surgical treatment 
is planned.

Case Report

We present the anatomical alteration of the FT of the 
L5 vertebra found during the pre-operative examination 
of a 33-year-old female patient with congenital scoliosis 
who presented to our clinic. She was admitted for pain and 
cosmetic deformities with a Cobb curvature of 71 degrees in 
the main thoracic region and 47 degrees in the thoracolumbar 
region. The patient’s spine has the following congenital 
anomalies: T2 non-segmented hemivertebra, T2 butterfly 

vertebra, T7 butterfly vertebra, T8-9 right semi-segmented 
accessory hemivertebra, T9-10 right semi-segmented 
accessory hemivertebra, T11-12 fusion, and T11-12 left non-
segmented hemivertebra. We observed 13 ribs on the left 
side and 12 on the right side. Cervical, thoracic, and lumbar 
spinal magnetic resonance imaging scans did not reveal any 
intraspinal pathology, and there were no abnormalities at the 
craniocervical junction. Posterior instrumented fusion surgery 
with multiple osteotomies is recommended. The surgical 
fusion level planning did not cover the L5 lumbar vertebra.

The radiology department was contacted after a routine 
preoperative 3D computed tomography (CT) scan revealed 
several cervical and thoracic bone abnormalities as well 
as a bilateral FT in the L5 vertebra. CT angiography was 
recommended by the relevant department. On detailed 
examination of the butterfly-shaped lumbar L5 vertebra, 
bilateral, well-formed FTs were detected. The FTs were wider 
on the left and connected the corpus and pedicle to the two 
transverse processes. As depicted in Figure 1, no vascular 
structures were found in the foramen.

Discussion

In typical human anatomy, the vertebral artery, vein, 
and accompanying sympathetic plexus pass through the FT, 

Figure 1. Radiological examinations of a 33-year-old female patient who presented to our clinic for surgical treatment. Preoperative 
radiological examination revealed a transverse foramen anomaly in the L5 vertebra (arrows). The spinal deformity is shown in (A) as an 
AP radiograph of the entire spine and in (B) as a lateral radiograph. In the (C) 3D reconstruction view, bilateral transverse foramen can be 
seen, which is wider on the left side. In (D), the 3D volume rendering view in the lateral plane shows that the vascular structure does not 
pass through the transverse foramen

AP: Anterior posterior, 3D: Three-dimensional
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which is normally located in the processus transversus of all 
cervical vertebrae. While the vertebral artery ascends through 
the FT of the sixth cervical vertebra, only the vertebral vein(s) 
are located in the seventh cervical foramen. The 6th cervical 
vertebra is the most common entry point of the vertebral 
artery to the FT, but some studies have reported that the C4, 
C5, and C7 cervical vertebrae can also be the entry point of 
the vertebral artery (5,6). In the present case, no vascular 
structures were observed in the FT of L5 on CT angiography 
imaging and 3D volume rendering reformats.

FT can be encountered in the lumbar region, especially 
in L1 and L5 (7). Beers et al. (4) reported four cases with a 
diagnosis of possible spinal stenosis or disk herniation in 
routine computed tomography of the lower lumbar spine. 
The authors stated that these foramina probably developed 
when the costotransverse elements between the mammillary 
and accessory processes failed to unite at the site of the 
anastomotic vessels during the embryological period (4). 
To date, there have been no reports of lumbar FT in a case 
diagnosed with congenital scoliosis.

Especially when using pedicle or lateral mass screws for the 
cervical spine, the FT and the possibly accompanying vascular 

structures may be at risk (8). It should be noted that this 
situation may also occur in congenital scoliosis in the trajectory 
of the transpedicular pedicle screws. In any case of suspected 
congenital scoliosis in which surgical intervention is planned, 
a sensitive evaluation with CT angiography is recommended 
to rule out any unexpected anatomic variations.
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What is known on this subject? 
Myxomas are common in the left atrium. Myxomas can 
be excised using minimally invasive methods.

What this case report adds?
In patients with giant myxoma in the right atrium, 
surgery can be performed safely and effectively with 
minimally invasive methods instead of conventional 
median sternotomy, with appropriate localization and 
dimensions. With this method, hospital and intensive 
care hospital stays can be reduced and better cosmetic 
results can be achieved.
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ABSTRACT

Heart tumors can be divided into primary and secondary tumors. Secondary tumors are more common 
than primary tumors. The majority of primary tumors are benign, and the most common type is myxoma. 
Myxomas are most commonly seen in the left atrium and rarely in the right atrium or ventricles. Surgical 
excision can be performed with conventional median sternotomy in giant myxomas, whereas minimally 
invasive methods are preferred in tumors of appropriate size and localization. In this article, we report 
the successful operation of a giant cardiac myxoma in the right atrium with minimally invasive surgery.

Keywords: Myxoma, giant right atrium tumor, minimally invasive surgery

Introduction

The estimated prevalence of primary 
heart tumors is 1:2000 at autopsy, with 
approximately 90% benign (mostly myxoma), 
whereas secondary tumors are approximately 
20 times more common than primary tumors 
(1). Myxomas are usually seen in the atrial fossa 
ovalis region, 75% in the left atrium, 10-15% in 
the right atrium, and rarely in the ventricle or 
heart valve (2). They are usually asymptomatic 
and detected by imaging methods performed 
for other reasons. In symptomatic cases, the 
triad of embolism, intracardiac obstruction, 
and structural findings is characteristic.

Case Report

A 40-year-old male patient was admitted 
with complaints of shortness of breath for 
six months. His vital signs were stable, his 
heart rate was normal and rhythmic, no 
pathological sound or murmur was detected, 
hepatomegaly and pretibial edema were not 
observed, and he had no other disease in 
his history. Transthoracic echocardiography 
(TTE) revealed an ejection fraction (EF): 
55% and a pedicled myxoma of 7 cm in 
diameter in the interatrial septum of the 
right atrium. Subsequently, transesophageal 
echocardiography (TEE) revealed a 
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6.3 x 4.8 cm diameter, multilobular, heterogeneous mass 
that was adhered to the base of the inferior right atrium 
wall, partially compatible with mobile myxoma, prolapsed 
into the tricuspid valve and right ventricle in the right atrium, 
and formed relative tricuspid valve stenosis. In addition, 
the tricuspid annulus was 42 mm, mild tricuspid valve 
regurgitation was detected, and no thrombus was detected 
in the left atrium. No pathology was observed in the coronary 
arteries on coronary angiography. Surgery was planned for 
the patient using a minimally invasive method. The right 
jugular vein, right femoral vein, and right femoral artery were 
cannulated. Then, a 5 cm incision was made from the right 
fourth intercostal space, and the right atrium was reached 
under direct vision (Figure 1). Cardiac arrest was achieved 
with antegrade single-dose Del Nido cardioplegia. After right 
atriotomy, the mass adhered to the right atrium free wall 
with a stalk. The entire mass was excised together with the 
right atrial free wall. Afterwards, tricuspid ring annuloplasty 
was performed using a size 34 Edwards Lifesciences ring. The 
right atrium was closed with 3.0 prolene without using a 
patch. Cardiopulmonary bypass time was 120 min and cross-
clamp time was 60 min. No blood products were used during 
or after the operation. The postoperative pathology report 

was compatible with myxoma. The patient, who was taken 
to the intensive care unit after the operation, was extubate 
at the fourth hour. He was taken to the hospital on the first 
postoperative day. He was discharged on the 4th postoperative 
day because he had no problem.

Discussion

Myxomas, the most common benign cardiac tumor, arise 
from multipotent mesenchymal cells in the endocardium and 
can be round, oval, polypoid, pedunculated, or sessile (3). 
They typically occur in middle age and affect women more 
often than men. They are often found in the left atrium and 
are attached to the fossa ovalis by a stalk. Most myxomas 
occur sporadically but can sometimes be associated with 
a syndrome called the “Carney complex”, an autosomal 
dominant condition characterized by endocrinopathy and 
skin pigmentation. Myxomas in the Carney complex are 
usually multicentric, atypically localized, occur at younger 
ages, and recurrence is more common after surgery (2).

Patients may be asymptomatic and diagnosed incidentally 
using other imaging methods. Symptoms vary according 
to tumor location, size, and mobility. Stroke, mesenteric 
ischemia, spleen or kidney infarction, acute extremity 

Figure 1. (A) Incision made in the right fourth intercostal space and giant right atrial myxoma seen with black arrow inside. (B) Appearance 
after surgical excision (could not be removed in one piece due to giant myxoma and small incision). (C) Postoperative view of the incision 
site. (D) Echocardiographic view of a right atrial myxoma with prolapsed right ventricle
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ischemia, and pulmonary embolism may occur because of 
distal embolization of the tumor or its thrombus. It can mimic 
the signs of other valvular diseases and cause obstruction in 
any heart chamber or valve, causing symptoms of right or 
left heart failure. Any arrhythmia, including atrial fibrillation, 
ventricular tachycardia, and ventricular fibrillation, may 
occur because of disruption of the normal myocardium, 
and sudden death may develop. Patients may also present 
with non-specific symptoms such as fatigue, cough, fever, 
arthralgia, myalgia, weight loss, and erythematous rash.

Diagnosis can be made with TTE, which is generally 
accepted as the gold standard, whereas TEE can be useful 
when the findings are unclear. Complete surgical resection 
of cardiac myxoma provides the best clinical outcome. The 
surgical strategy for myxomas varies according to the location 
and size of the mass. Although it can be performed with the 
conventional method, median sternotomy, the operation can 
also be performed with minimally invasive methods in cases 
where the tumor is in the appropriate localization. Along 
with video-assisted port-access and endoscopic port-access 
methods, robotically assisted endoscopic methods have 
also	been	used.	Kadiroğulları	et	al.	(4)	showed	that	myxoma	
excision can be performed safely and effectively with robotic-
assisted endoscopic surgery. Catheter-based strategies are 
not recommended in cases of myxoma because of potential 
embolization.

In this case report, we report a rare case of giant right 
atrial myxoma, which was admitted with mild tricuspid valve 
regurgitation and shortness of breath and surgically removed 
using minimally invasive methods. Using this method, 
the patient could be discharged without using any blood 
products, with a shorter intensive care unit and hospital stay 

compared with sternotomy. In addition, patient satisfaction 
was achieved in terms of cosmetics. In the literature, Naser 
et al. (5) reported a case of giant myxoma (9.8 x 7.8 cm) in 
the right atrium with signs of right heart failure. However, in 
this case, it was performed with a median sternotomy, and 
a pericardial patch was used (5). Beiras-Fernandez et al. (6) 
reported a case of giant myxoma (9 x 7 cm) in the right atrium 
that caused cardiovascular collapse and in which sternotomy 
was preferred. On the other hand, Gaisendrees et al. (7) 
reported a case of giant left atrial myxoma (5 x 7 cm), which 
was removed by minimally invasive surgery by making an 8 
cm right anterior thoracotomy incision.

In patients with giant myxoma in the right atrium, surgery 
can be performed safely and effectively with minimally invasive 
methods instead of conventional median sternotomy, with 
appropriate localization and dimensions. With this method, 
hospital and intensive care hospital stays can be reduced and 
better cosmetic results can be achieved.
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