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Background: This study aimed to measure intern doctors’ knowledge, attitudes, and perceptions about
antibiotic treatment and determine the situation on the subject.

Methods: A 34-question questionnaire was prepared for the study, and volunteers were administered
the questionnaire face-to-face or via a Google form on a mobile WhatsApp application. Prospectively,
221 volunteer physicians participated in the survey conducted between March 15 and 22, 2024, in
Turkey.
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Results: Of the participants, 118 (53.4%) were male and 103 (46.6%) were female. The mean age
(mean + SD) was 24 years (24.46 + 1.83). Many participants had good antibiotic knowledge but a
poor antibiotic use percentage. The knowledge that misuse of antibiotics causes resistance was quite
high, and there were deficiencies in the mechanisms of resistance. The misconceptions identified were
stopping treatment when the clinical condition improved, regardless of the duration, or giving treatment
every time the fever was high. There was a significant and positive correlation between age level-
antibiotic knowledge and age-level-resistance awareness (rs=0.190, p=0.002 and rs=0.152, p=0.007,
respectively). A significant difference was also found between gender-attitude scores (p=0.004). There
was a significant (rs=0.247, p=0.003) and positive correlation between antibiotic knowledge and
resistance awareness, and a significant (rs=0.610, p<0.001) and positive correlation between antibiotic
knowledge and attitude and perception scores.

Conclusion: To increase the intern doctors’ resistance awareness and decrease their wrong attitudes
and perceptions, social programs, practical applications, and patient-oriented practices, together with

some educational program curriculum changes, are needed.

1. Introduction

Increased antibiotic resistance is directly associated with treatment
failure, recurrent infections, cost, increased mortality, and morbid-
ity. This resistance problem has become an increasing public health
concern. Globally, there is concern that by 2050, approximately
10 million people will be lost due to resistance problems. The
World Health Organization and many countries around the world
are trying to develop antimicrobial resistance prevention strategies.
Antimicrobial resistance can be easily detected by standard micro-
biological tests [1, 2, 3, 4]. Pathogens can build resistance to antibi-
otics in many different ways. In antibiotic treatment management,
knowing these resistance pathways and other factors that stimulate
resistance to use appropriate antibiotics at appropriate times and
doses [5]. The use of antibiotics in animal foods, unnecessary and
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excessive usage during the COVID-19 pandemic, and irrational us-
age of antibiotics on different spectra, such as surgical prophylaxis
or inappropriate empirical treatment, especially in our country,
are important factors that increase the development of resistance
[6,7, 8, 9]. A lack of time to evaluate patients, different knowledge
levels of physicians, febrile patients, fear of complications, parental
expectations of antibiotics, and undetailed physical examination
findings are other factors that increase inappropriate antibiotic
usage [10, 11, 12]. Our country has a very high rate of antibiotic
usage. After graduation, intern doctors prescribe antibiotics at a
high rate in emergency services and family physicians. Therefore,
this study aimed to analyze intern doctors’ knowledge, perception,
and practices about antibiotics.

2. METHODS

The study was planned as a prospective, observational cross-
sectional survey study between March 15-22, 2024 in Turkey,
voluntarily. The interns in our center and semester 5 students who
had a short transition period to internship were included in the
study. Students were personally contacted during the internship
or through their phone numbers registered in the hospital data
processing and the questionnaire was applied with an information
message. The minimum sample size was calculated as 221 with a
5% margin of error, 95% confidence interval, and 50% distribution
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of responses. The following formula was used to calculate the
sample size [13]:

X = Z(m) (100 — r)
N=__ Nx
(N-DE? +x
E= (N — n)x
a(N - 1)

Where n is the sample size, E is the margin of error, N is the
population size, r is the fraction of responses, and Z (c/100) is the
critical value for confidence level c.

The questionnaire was prepared in a Word file, and a Google survey
form was shared with volunteers both face-to-face and via the
WhatsApp application through the registered telephone number of
the intern. The questionnaire has been validated and previously
implemented in other countries such as Pakistan and Uganda [14,
15, 16]. An English-language version of the questionnaire guide
was uploaded as a supplementary file. The study questionnaire was
composed of five main sections. In the introduction section, gen-
eral information about the questionnaire was given, and voluntary
consent was requested. Demographic data was collected in the first
section. In the second section, six questions about general antibiotic
knowledge were asked, and in the third section, 10 questions about
antibiotic resistance were asked. Participants were asked to respond
yes, no, or not sure. In the fourth section, five questions were asked
to evaluate resistance awareness. The participants were asked to
respond as do not know, partially know, know well, or know very
well.

In the last section, 12 questions were asked to evaluate the attitudes
and perceptions of intern doctors about antibiotics. The participants
were asked to respond to each question as agree or disagree.
Except for the demographic section, the responses received for
each section were tabulated as frequencies and percentages. In
addition, the second and third sections were scored together by
giving 1 point for correct answers and 0 points for incorrect answers
or unclear answers. Knowledge about antibiotics questions were
evaluated out of 6 points. The score for knowledge about antibiotic
resistance was assessed out of 10 points (yes=1 point, no=0 points,
not sure=0 points). Statistical evaluation was made over a total
score of 16 points. The fourth section examining awareness of
antibiotic resistance received 15 points (don’t know, partially know,
know well=2, know very well=3 points). The last section, which
examined the attitudes and perceptions of the intern doctors, was
evaluated over 12 points according to the correct answer (Agree=1
point for questions 1-4 and 10-12, disagree=1 point for questions 5-
9). Students who provided incomplete information, non-volunteers,
intern doctors, and those who were not Semester 5 students were
not included in the study.

2.1. Ethics approval and consent to participate

The study was approved by the Abant [zzet Baysal University Non-
interventional Clinical Research Ethics Committee Unit. Ethical
permission was received at the meeting dated February 20, 2024,
and numbered 2024/28 (Approval no: BAIBU-28). The study is a
survey. An information paragraph was included for all participants
in the questionnaire form. In addition, the voluntary basis was
highlighted.

2.2. Statistical analysis

SPSS version 23.0 (IBM, New York, USA) was used to analyze the
data. The Kolmogorov—Smirnov test and histogram analysis were
used to assess the normality of the data. Categorical variables are
presented as numbers and percentages and were compared by the
chi-square test or Fisher’s exact test, if appropriate. A Bonferroni
correction was applied to account for multiple comparisons when
analyzing associations between demographic variables and knowl-
edge/attitude scores. The Mann-Whitney U test was used to analyze
continuous variables (gender and scores) that did not show a normal
distribution. Spearman’s rho test (rs) was used to analyze antibiotic
knowledge scores and resistance awareness. The significance level
was set as p < 0.05.

3. Results

Only the age and gender of the participants were questioned in
terms of socio-demographic characteristics. Of the study partici-
pants, 118 (53.4%) were male, and 103 (46.6%) were female. The
mean age (mean + SD) was 24 (24.46 + 1.83). The resistance
awareness score was calculated as Mean (Min-Max) =5.98 (0-15),
antibiotic knowledge score=9.79 (1-16), and attitude score=10.93
(2-12). When the responses to the six questions about general
antibiotic knowledge and antibiotic usage were analyzed, it was
observed that while a high percentage of correct responses were
given for general antibiotic knowledge, the percentage of correct
responses was low for questions related to antibiotic usage (Ta-
ble 1).

In the second part, where antibiotic resistance knowledge was
measured, the students were asked 10 questions. The answers given
to the questions about how misuse of antibiotics affects resistance
were correct at a high rate. However, the rate of correct responses
to questions about resistance mechanisms decreased considerably
(Table 1).

In the third section, where antibiotic resistance awareness was eval-
uated, the participants were asked five questions. The participants
were generally trusted in their level of knowledge on the awareness
and management of antibiotic resistance (Table 2).

In the fourth part, 12 questions were asked to evaluate the par-
ticipants® attitudes and perceptions about antibiotic stewardship.
Most of the students reported that they did not consider antibiotic
resistance an important problem. In addition, the rate of those
who stated that antibiotics should be started in fever cases was
quite high. Another false perception was that antibiotic treatment
should be stopped immediately when the patient’s clinic is cleared.
Again, the number of those who thought that leftover antibiotics
should be stored and reused was quite high. The rate of agreement
with the correct responses to the other questions about antibiotic
management was high (Table 3).

The age of the interns and their antibiotic knowledge scores and
resistance awareness scores were evaluated separately. A signif-
icant but weak positive correlation was found between age and
antibiotic knowledge (rs=0.190, p=0.002). It was observed that
antibiotic knowledge scores increased with increasing age. Simi-
larly, a significant but weak positive correlation was found between
age and resistance awareness (rs=0.152, p=0.007) (Figure 1).
It was determined that awareness increased with increasing age.
Resistance Awareness, Antibiotic Knowledge, and Attitude Score
were evaluated separately according to gender. While a signifi-
cant difference was found between the attitude scores and gender
(p=0.004), no difference was observed between the other scores
(Table 4).
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Table 1: Information about antibiotics, usage, and resistance

Question Responses N=221 %
Can antibiotics destroy normal Yes* 214 96.8%
flora in the body? No 4 1.8%
Not sure 3 1.4%
Can antibiotics cause allergic Yes* 218 98.6%
reactions? No 1 0.5%
Not sure 2 0.9%
Do you know when to start Yes* 154 69.7%
antimicrobial treatment? No 10 4.5%
Not sure 57 25.8%
Do you know how to choose the Yes* 94 42.5%
best antibiotic? No 26 11.8%
Not sure 101 45.7%
Do you know the appropriate Yes* 57 25.8%
dosage of antibiotics to be given?  No 60 27.1%
Not sure 104 47.1%
Do you know when to switch Yes* 60 27.1%
from intravenous antibiotics to No 79 35.7%
oral regimens? Not sure 82 37.1%
Inappropriate use of antibiotics Yes 220 99.5%
causes antibiotic resistance. No 0 0%
Not sure 1 0.5%
Better use of antibiotics will not Yes 21 9.5%
affect antimicrobial resistance? No 179 81%
Not sure 21 9.5%
Is it always better to prescribe Yes 17 7.7%
broad-spectrum antibiotics even No 179 81%
if more narrow-spectrum Not sure 25 11.3%
antibiotics are effective?
The mechanism of resistance to Yes 64 29%
beta-lactams in K. pneumoniae is ~ No 25 11.3%
mainly enzymatic. Not sure 132 59.7%
The resistance mechanism of Yes 66 29.9%
methicillin-resistant S. aureus is No 25 11.3%
efflux pumps. Not sure 130 58.8%
The mechanism of resistance Yes 54 24.4%
against vancomycin-resistant E. No 13 5.9%
faecalis is by changing the region ~ Not sure 154 69.7%
of binding.
Antibiotic use shorter than the Yes 180 81.4%
standard duration provokes No 17 7.7%
resistance. Not sure 24 10.9%
Failure to debride the site of Yes 176 79.6%
infection provokes resistance. No 11 5%
Not sure 34 15.4%
Does the use of antibiotics for Yes 127 57.5%
self-limiting bacterial infections No 24 10.9%
provoke resistance? Not sure 70 31.7%
Overuse of antibiotics in Yes 156 70.6%
livestock provokes resistance. No 11 5%
Not sure 54 24.4%

(*): Correct response

When antibiotic knowledge and resistance awareness and antibiotic
knowledge and attitude scores of the intern doctors were eval-
uated separately, a significant but moderate positive correlation
was found between antibiotic knowledge and resistance awareness
(rs=0.247, p=0.003). Similarly, a significant but weakly positive
correlation was found between antibiotic knowledge and attitude
scores (rs=0.610, p<0.001), (Figure 2).

Table 2: Antimicrobial resistance awareness

Question Responses N=221 %
How are Do not know 54 24.4%
antibiograms Know partially 106 48%
analyzed? Know it well 45 20.4%
Know it very well 16 7.2%
How to find Do not know 17 7.7%
authoritative data Know partially 130 58.8%
sources for Know it well 65 29.4%
treating Know it very well 9 4.1%
infections?
How to deal with Do not know 27 12.2%
a patient who Know partially 97 43.9%
wants Know it well 79 35.7%
antimicrobials? Know it very well 18 8.1%
Identify the Do not know 56 25.3%
correct spectrum Know partially 124 56.1%
of different Know it well 33 14.9%
antimicrobial Know it very well 8 3.6%
therapies?
How to choose the Do not know 27 12.2%
best Know partially 129 58.4%
antimicrobials for Know it well 57 25.8%
a specific Know it very well 8 3.6%
infection?

4. Discussion

Physicians at the center of antibiotic stewardship have poor percep-
tions of antimicrobial therapy management and false perceptions
about rational antibiotic usage [14, 15, 16]. The quality and ade-
quacy of the education received by medical students directly impact
their knowledge, perceptions, and attitudes toward the correct use
of antibiotics. In one study, after infectious disease education,
almost all the medical students who participated in the study
thought that antimicrobial resistance is a public health problem
today, and 98.4% of them thought that antimicrobial resistance
should be prevented [17].

This study aimed to draw attention to the deficiencies, false atti-
tudes, and perceptions of semester V students who will be interns
for one month and intern doctors in antibiotic stewardship. We
have once again identified the importance of general antibiotic
knowledge and resistance awareness in rational antibiotic usage.
These parameters directly relate to eliminating false perceptions
and attitudes among intern doctors. There are many reasons for the
irrational use of antibiotics. Antibiotic administration for nonbacte-
rial infections, antibiotic administration for longer than necessary,
treatment of colonization and contamination, lack of correct differ-
entiation of other causes that increase acute phase reactants, and
high fever are some of them [18, 19]. Unlike in the above study,
most volunteer doctors who participated were still unaware of the
importance of antimicrobial resistance. However, among European
countries, Turkey has a high rate of antibiotic usage [20]. One-
third of the participants still did not know or were unsure about
the correct choice of antibiotic, and three-quarters did not know
or were unsure about the appropriate dosage and the timing of
antibiotic switching. A very small proportion had misconceptions,
such as taking antibiotics for every fever and repeatedly taking
too many antibiotics. Furthermore, about 90 percent of partici-
pants did not know or were not sure about the positive impact
of antibiotics on resistance when used with better stewardship,
and the fact that they believe that antibiotics can be discontinued
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Table 3: Attitude and Perception

Question Responses N=221 %
Strong antimicrobial knowledge Agree 213 96.4%
is important for my career. Disagree 8 3.6%
Antimicrobials are overused in Agree 218 98.6%
our country. Disagree 3 1.4%
The antimicrobials I will Agree 177 80.1%
prescribe/distribute will Disagree 44 19.9%
contribute to the problem of

resistance.

I would like more training on the =~ Agree 197 89.1%
appropriate use of antimicrobials. ~ Disagree 24 10.9%
Efficacy is better if Agree 23 10.4%

antimicrobials are newer and
more expensive.

Disagree 198 89.6%

Antimicrobial resistance is not a Agree 14 6.3%
major problem. Disagree 207 93.7%
Antibiotics must be given when Agree 9 4.1%
there is a fever. Disagree 212 95.9%
Stop the antibiotics immediately Agree 15 6.8%
when the patient feels better. Disagree 206 93.2%
Leftover antibiotics should be Agree 49 22.2%
saved for future use. Disagree 172 77.8%
I should know the correct and Agree 209 94.6%
relevant specimen to collect for Disagree 12 5.4%
an infection.

I can distinguish between normal ~ Agree 200 90.5%
flora and a true pathogen from a Disagree 21 9.5%
microbiology report.

I can understand the mechanisms ~ Agree 206 93.2%
of resistance based on a Disagree 15 6.8%

microbiology report.

without waiting for adequate treatment time proves that the medical
faculty education in our center should be reconsidered. Partial
re-teaching of microbiology courses in semester V, making the
infectious diseases compulsory, and extending their duration will
seriously contribute to solving the problems we have identified in
this study. The high number of students in academic institutions
negatively affects the quality of education. In addition, the supply
of adequate and effective equipment for the quality of education in
hospitals and health institutions is another problem that needs to be
addressed by politicians and government authorities. Seminars can
be organized from time to time so that academicians can update
their knowledge of effective teaching techniques. In addition, the
potential integration of mobile learning applications, case-based
discussions, or simulation-based training that will contribute to the
development of students can contribute positively to the quality of
education.

One of the main themes of antibiotic management is the problem
of developing resistance. Knowing the resistance mechanisms of
some gram-negative and gram-positive agents and choosing ap-
propriate antibiotics accordingly will contribute to the prevention
of resistance development [21]. In our study, it was shown that
the general antibiotic knowledge of the intern doctors was good.
They reported that they were aware of antibiotic resistance at
a high rate. However, there is a serious lack of awareness of
resistance methods and resistance awareness. Although there was
no correlation between gender and resistance awareness, there
was a poor correlation between age and resistance awareness.

There was no significant correlation between age and attitudes
or perceptions toward antibiotics. This may be explained by the
fact that the education received by the interns about infectious
diseases was forgotten at that time. We think that the fact that
the intern doctors, who were older than the Term V students, did
not take any internship or course related to antibiotic knowledge
in the last year was effective in this. Similar studies have found
results that support this thesis [22, 23]. In addition, it may be
thought that they are unaware that they have serious deficiencies in
resistance. To overcome this deficiency, up-to-date guidelines can
be prepared according to the resistance frequency of each center.
Antibiotic resistance rates and the type and frequency of resistant
pathogens may vary according to country, center, and region [24].
Alternatively, practical telephone applications adapted to interna-
tional guidelines can be created. In addition, banning the usage of
prescriptions without antibiotics as a policy in our country has been
a wise decision that will contribute to the reduction of unconscious
antibiotic usage and resistance development. Studies have shown
that factors such as having more clinical experience and experience
and seniority affect the correct attitude about antibiotics, whereas
gender was shown to be an effective factor in our study [25]. In
addition, it was determined that antibiotic stewardship program
training led to significant improvements in knowledge and attitudes
after the deficiencies of healthcare professionals on this subject
were identified [26].
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Figure 1: (A) Relationship between Resistance Awareness (rs=0.152) by
Age, (B)Relationship between Antibiotic Knowledge (rs=0.190) by Age.
rs: Spearman’s rank correlation coefficient.
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Table 4: Analyzing the Scoring According to Gender

Scores Gender Mean
Resistance Awareness Score Male 5.91
Female 6.06
Antibiotic Knowledge Score Male 9.55
Female 10.00
Attitude Score Male 10.69
Female 11.20

CI, Confidence Interval of the Difference; SD, Standard deviation
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Figure 2: (A) Relationships between Antibiotic Knowledge (rs=0.247)
and Attitudes, (B) Resistance Awareness (rs=0.610) and Attitudes. rs:
Spearman’s rank correlation coefficient.

This study has several limitations. This study was conducted in
a single center. The sample size was determined by calculating
the minimum required number of participants based on the total
number of semester V students and intern doctors in our center.
Because of this, it cannot be generalized to the whole of our
country. Factors such as the quality of training in other centers
and differences in training programs may change the statistical
significance and comprehensiveness. In addition, the accuracy of
the results is related to the honesty of the participants in answer-
ing. Subjective responses were minimized as much as possible
by not asking for any identity information that would reveal the
participants. It may be possible to reach more reliable responses

SD p-values 95% CI Lower  95% CI Upper
2.612

2.950 0.686 -0.889 0.586

2.574

2992 0.175 -1.099 0.201

1.495 " 5

1.123 0.00 -0.87 -0.163

in large-scale surveys where participants can easily give objective
responses. In addition, the inclusion of semester five students with
a very short internship period may have partially affected the
homogeneity. Other limitations include the fact that a generally
accepted validity scale could not be used for the study, and the
questions were prepared only for this study by using similar studies
in the literature.

5. Conclusions

As aresult, despite serious resistance problems due to the misman-
agement of antimicrobials, intern doctors still have serious knowl-
edge deficiencies and perception-attitude inaccuracies, especially
regarding antimicrobial resistance. The age of the intern doctor
is partially associated with antibiotic knowledge and resistance
awareness. General antibiotic knowledge was directly associated
with correct perceptions and attitudes toward antibiotic treatment.
Gender was also directly associated with attitude and perception,
but not with antibiotic knowledge or resistance awareness. In
conclusion, our education system should be revised or facilitated
to train medical doctors governed by knowledge rather than obses-
sion, and awareness practices should be implemented
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Introduction: Optic nerve sheath fenestration (ONSF) is an important surgical management option
for patients with idiopathic intracranial hypertension (IIH) who have failed medical treatment. We
conducted a systematic review and meta-analysis to evaluate the outcomes of ONSF and identify
factors affecting treatment success.

Methods: A literature search was conducted up to December 2024. Primary outcomes included
improvement in visual acuity, visual fields, and optic disc swelling resolution. We performed a
detailed subgroup analysis based on geographic location, study design, surgical approach, and technical
variations.

Results: Nineteen studies with a total of 1,159 patients were included in our study. ONSF significantly
improved visual acuity in 34.5% (95% CI: 31.8-37.3%) and visual fields in 69.4% (95% CI: 65.9-
72.7%) of cases. A 90.9% improvement rate was observed in reducing optic disc swelling. Significant
heterogeneity was noted in visual acuity (I12=92.1%) and visual field improvements (12=73.8%). The
overall complication rate was 9% (95% CI: 5-16%). Centers that included 30 or more patients in their
study demonstrated significantly lower postoperative complications.

Conclusions: ONSF demonstrates favorable efficacy in improving visual outcomes with an acceptable
safety profile, lower postoperative complications were observed when the procedure was performed
in high-volume centers using appropriate surgical techniques. Geographic variations and surgical
approaches significantly affected outcomes, highlighting the importance of standardized protocols
and adequate surgical experience. Future prospective studies with standardized outcome measures are
needed to optimize patient selection and surgical techniques.

Keywords:

Idiopathic Intracranial Hypertension
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Benign Intracranial Hypertension
Visual Outcomes

Systematic Review
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disorder mainly affects women of reproductive age and demon-
strates a strong association with obesity; despite the current re-
search about IIH, the etiopathogenesis remains not fully understood
yet [1]. The hallmark clinical manifestations of the disease include
headache, papilledema, and visual disturbances that may progress
to blindness if left untreated with proper management [1].

1. Introduction

Idiopathic intracranial hypertension (IIH), previously known as
pseudotumor cerebri or benign intracranial hypertension, is a neu-
rological condition characterized by elevated intracranial pressure
(ICP) without identifiable structural or vascular causes [1]. This

. Corresponding author: Ahmed Y Azzam, Department of Neurological Surgery, Mon-
tefiore Medical Center, Albert Einstein College of Medicine, Bronx, NY, USA. Email:
ahmedyazzam @ gmail.com

The management of IIH follows a systemic approach, beginning
with conservative measures such as weight loss and medical ther-
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apy, with acetazolamide, topiramate, and diuretics [2, 3, 4]. How-
ever, around 25% of patients are developing refractory IIH in
which they have limited or poor response to the initial medical
interventions, necessitating surgical intervention [5]. Among the
available surgical options, optic nerve sheath fenestration (ONSF)
is considered to be among the surgical interventions for IIH patients
to preserve vision in cases of progressive visual deterioration [5, 6].
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ONSF involves creating an opening in the optic nerve sheath to
reduce localized cerebrospinal fluid (CSF) pressure, which, by role,
decreases mechanical compression on the optic nerve [7]. While
ONSEF for ITIH has been reported as a successful intervention for
IIH in patients with threatened visual loss, previous studies did
not have sufficient conclusive evidence about the optimal ONSF
approaches and settings regarding its safety and efficacy for IIH
patients [5, 8, 9].

Previous studies have highlighted important considerations in sur-
gical procedures for IIH, but these studies either lacked complete
evaluation of visual fields or have become outdated as new sur-
gical techniques and further updated studies have been published
[1, 5,7, 8,9, 10, 11, 12]. The timing of surgical intervention
appears critical, with mounting evidence suggesting that delayed
intervention may result in irreversible vision loss due to progressive
optic nerve damage [13]Also, technical aspects of the procedure,
such as the size and location of the fenestration, muscle disinsertion
requirements, and the use of minimally invasive approaches, may
affect its efficacy and complication rates.

Recent advances in surgical techniques, especially the development
of endoscopic and minimally invasive approaches, have renewed
interest in evaluating the safety and efficacy of ONSF from different
prospections, even in the presence of other minimally invasive
interventions such as venous sinus stenting where they may not
be suitable for some patients due to several factors and consid-
erations [14]. Additionally, the emergence of large-scale studies
with detailed visual outcome data has created an opportunity for
a more detailed analysis of factors influencing surgical success
with the option of conducting subgroup analysis to explore further
more factors affecting ONSF success [15]. Therefore, we aim to
evaluate the safety and efficacy of ONSF in preserving vision
in patients with IIH based on the most updated evidence in the
most detailed manner, given the currently available data. Our study
specifically focuses on three key outcomes: improvement in visual
acuity, enhancement of visual fields, and resolution of optic disc
swelling, in addition to investigating the reported postoperative
complications from ONSF. Our study aims to perform detailed
subgroup analyses based on geographical location, study design,
surgical approach, and technical variations to identify factors that
might influence surgical outcomes. Understanding these variables
and factors related to ONSF in IIH patients has important con-
siderations for optimizing patient selection and surgical technique,
ultimately improving visual outcomes in this challenging patient
population.

2. Methods:

Our systematic review and meta-analysis were conducted with
adherence to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines. We conducted
a literature search across multiple electronic databases, including
PubMed/MEDLINE, Embase, Web of Science, Scopus, Google
Scholar, and Cochrane Library, from inception through the 22nd of
December 2024. The search strategy incorporated Medical Subject
Headings (MeSH) terms and keywords related to "optic nerve
sheath fenestration”, "ONSF" "idiopathic intracranial hyperten-
sion”, “IIH”, “benign intracranial hypertension”, and "pseudotu-
mor cerebri". For methodological clarity, we classified all included
studies into two categories: observational and interventional. It
is important to note that all studies in both categories involved
patients who underwent ONSF; our classification refers to study
design rather than treatment allocation. Observational studies (n=
16) included retrospective chart reviews, case series, and cohort

studies where the studies analyzed and reported the outcomes after
ONSF without a predefined intervention protocol. Interventional
studies (three studies) were those with prospective enrollment
following a standardized surgical protocol and predefined outcome
measures, representing a higher level of methodological confidence
and validity.

2.1. Literature Review and Data Extraction:

Two independent reviewers screened titles and abstracts for el-
igibility, followed by a full-text review of the possible relevant
articles. We included both observational and interventional studies
reporting outcomes of ONSF in patients with IIH. Studies were
eligible if they reported at least one of our primary outcomes:
visual acuity improvement, visual field improvement, or optic
disc swelling resolution. We excluded non-English articles, case
reports, or case series, which included less than five patients,
review articles, systematic reviews and meta-analyses, editorials,
and letters. Data extraction was performed independently by two
investigators using a standardized form. We collected informa-
tion on study characteristics (publication year, country, study de-
sign), patient demographics, surgical techniques, and clinical out-
comes. Complications were categorized into overall complications,
diplopia, transient visual loss, worsening of visual functions, and
anisocoria.

2.2. Risk of Bias Assessment

We assessed the risk of bias using the Risk Of Bias In Non-
Randomized Studies—of Interventions (ROBINS-I) tool, which
evaluates seven domains: confounding, selection bias, classifica-
tion of interventions, deviations from intended interventions, miss-
ing data, outcome measurement, and selective reporting. The qual-
ity of evidence for each outcome was evaluated using the Grading
of Recommendations, Assessment, Development, and Evaluations
(GRADE) framework, considering the risk of bias, inconsistency,
indirectness, imprecision, and publication bias.

2.3. Statistical Analysis

For statistical analysis, we performed a single-arm proportion-
based meta-analysis using RStudio software with the *meta’ and
’metafor’ packages built on the R language. We calculated pooled
proportions with 95% confidence intervals for each outcome using
random-effects models. Heterogeneity was assessed using I2 statis-
tics and Cochran’s Q test. We conducted pre-specified subgroup
analyses based on country of study, either United States (US) vs.
non-US based study, study type (observational vs. interventional),
study design (retrospective vs. prospective), sample size (>30 vs.
<30 vs. =30), surgical approach (medial transconjunctival vs.
other), and surgical technique (with vs. without muscle disinser-
tion). Publication bias was evaluated using funnel plots, Egger’s
test, and the trim-and-fill method was used when appropriate.
Statistical significance was set at P<0.05, and all tests were two-
sided.

The rationale for our geographic subgroup analysis (US vs. non-
US) was based on the differences in practice patterns, patient selec-
tion criteria, reporting standards, and healthcare systems between
the regions. Previous studies on IIH have demonstrated geographic
variations in disease prevalence, management approaches, and
outcomes reporting [16, 17]. We aim to identify any differences
in ONSF outcomes that might inform international standardization
efforts and highlight region-specific considerations for optimizing
patient selection and surgical technique.
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3. Results

Our systematic search yielded 597 records, with 19 studies meeting
the final inclusion criteria after thorough screening (Figure 1)
[18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36]. The included studies spanned from 1988 to 2021,
comprising 16 observational and three interventional studies, with
14 retrospective and five prospective designs (Supplementary
Table 1).

Identification of studies via databases and registers

—
% Records removed before
Records identified from*: screening:
: E—
E Databases {n = 597) Duplicate records removed
§ (n=277)
~ '
Records excluded ( Title and
;%r;s;}screenec »( Abstract Screening)
h (n=221)
A4
|
Reports sought for retrieval Reports not retrieved
2 (n=99) (n=0)
H
H
=
& v
Reports assessed for eligibility
(n=299) ’
Reports excluded (Not fitting our
defined inclusion criteria) (n= 80)
P b
2 o )
2 Studies included in review
-2 (n=19)

Figure 1: PRISMA flow chart diagram for our literature review results.

3.1. Risk of Bias Assessment:

The ROBINS-I risk of bias assessment highlighted varied method-
ological quality (Supplementary Figure 1). Three studies (Melson
et al., Wadikhaye et al., and Nithyanandam et al.) demonstrated a
consistently low risk of bias across all domains (+). Nine studies
showed serious risk of bias (X) in their overall assessment, pri-
marily due to confounding (D1) and missing data (D5). Domain
D3 (bias in classification of interventions) uniquely showed low
risk (+) across all studies. Domain D4 (bias due to deviations from
intended interventions) showed mixed results, with eight studies
having low risk and 11 showing moderate risk. Seven studies
showed consistently poor performance across multiple domains,
receiving serious risk ratings in D5, D6, and D7.

3.2. GRADE Framework Assessment

Our GRADE framework assessment (Supplementary Table 2)
revealed heterogeneous quality across outcomes. Visual acuity im-
provement evidence (19 studies, n=1,160) received a low-quality
rating (@ @ o) due to a serious risk of bias (-1) from lack of
standardized visual acuity measurements and high heterogeneity
(-1) with I2>50%. Visual field improvement (16 studies, n=719)
achieved moderate quality (€ @ @o), downgraded only for serious
risk bias (-1) due to varied testing methods, but showed consistent

improvement across studies. Optic disc swelling resolution (11
studies, n=351) also received a moderate quality rating (@ @ @o),
with consistent resolution rates and low heterogeneity.

3.3. Efficacy Outcomes:

Visual acuity improvement results have demonstrated statistically
significant differences between non-US and US studies (48.3% vs.
29.8%, p<0.001), prospective versus retrospective designs (80.8%
vs. 32.7%, p<0.001), and surgical approaches (medial transcon-
junctival 30.6% vs. other 48.4%, p-value<0.001). Visual field im-
provement demonstrated higher rates in US versus non-US stud-
ies (72.7% vs. 68.1%, p-value= 0.221) and interventional versus
observational studies (83.9% vs. 70.5%, p-value= 0.154). Optic
disc swelling resolution showed significantly better outcomes in US
studies (97.3% vs. 76.5%, p-value<0.001), interventional studies
(98.7% vs 83.6%, p<0.001), and medial transconjunctival approach
(98.8% vs 82.8%, p-value<0.001), as listed in (Table 1). We have
used the single-arm proportion-based meta-analysis as our primary
analytical approach due to the nature of available data extracted
from included studies. The absence of randomized controlled trials
and the limited number of comparative studies precluded tradi-
tional two-arm meta-analyses using direct comparison groups and
direct comparison metrics, which were unavailable across most
included studies.

3.4. Safety Outcomes

We listed the overall reported complications from our included
studies in (Table 2). The overall rate was 9% (95% CI: 5-16%,
12=48%) (Figure 2). Significant subgroup differences were ob-
served in the country of study (non-US 13.9% vs. US 7.4%, p-
value= 0.007), surgical approach (medial transconjunctival 7.7%
vs. other 13.2%, p-value= 0.023), and sample size (>30: 6.6% vs
<30: 15.2% vs =30: 16.7%, p-value<0.001). Specific complica-
tions showed varying rates: worsening of visual functions (8%,
12=51%), diplopia (3%, 1)=24%), anisocoria (4%, 12=0%), and tran-
sient visual loss (10%, 12=69%). In addition to that, bilateral versus
unilateral approaches showed significant differences in transient
visual loss (6.9% vs. 15.5%, p-value<0.001) and worsening of
visual functions (5.7% vs. 15.5%, p-value=0.018); the forest plots
for the efficacy outcomes are shown in (Supplementary Figure 2
- 5), while the subgroup analyses for safety outcomes are listed in
(Supplementary Table 3).

3.5. Publication Bias

Publication bias assessment (Supplementary Table 4) indicated
a moderate risk for visual acuity improvement (Egger’s test p-
value= 0.034), with right-skewed funnel plot asymmetry and four
potentially missing studies identified through trim-and-fill analysis.
Visual field improvement and optic disc resolution showed low
publication bias risk (Egger’s test p-value= 0.245 and p-value=
0.789, respectively).

4. Discussion

In our study, we evaluated the efficacy and safety outcomes of
ONSF in IIH patients, focusing on detailed subgroup analyses
based on multiple factors. Our findings provide important insights
into the factors that may have significant considerations on ONSF
outcomes and help identify optimal patient selection criteria.

Our analysis demonstrates that ONSF shows considerable efficacy
in improving visual outcomes, with an overall visual acuity im-
provement rate of 34.5% (95% CIL: 31.8-37.3%) and visual field
improvement rate of 69.4% (95% CI: 65.9-72.7%). The subgroup
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analyses revealed several groups for efficacy and treatment success
and highlighted several important points that warrant discussion
and further investigation. Studies from non-US centers showed
significantly higher rates of visual acuity improvement (48.3% vs.
29.8%, p-value<0.001), suggesting potential variations in patient
selection criteria or surgical techniques across different geographic
regions [3, 16, 37, 38, 39, 40]. Prospective studies demonstrated
markedly better outcomes in visual acuity improvement compared
to retrospective designs (80.8% vs 32.7%, p-value<0.001), high-
lighting the importance of standardized protocols and careful pa-
tient monitoring in achieving optimal outcomes, which was pre-
viously discussed that we need more optimization and standard-
ization for IIH studies to promote better quality studies and en-
hance our evidence about the disease [41]. The surgical approach
emerged as a crucial factor, with non-medial transconjunctival ap-
proaches showing higher success rates (48.4%) compared to medial
transconjunctival approaches (30.6%, p-value<0.001). This finding
suggests that surgical technique selection may significantly influ-
ence visual outcomes. Sample size analysis revealed interesting
patterns, with centers performing more than 30 procedures showing
more consistent results compared to those with smaller case vol-
umes. Regarding papilledema resolution, US studies demonstrated
significantly better outcomes (97.3% vs. 76.5%, p-value<0.001), as
did interventional studies compared to observational ones (98.7%
vs. 83.6%, p-value<0.001). Also, the medial transconjunctival ap-
proach showed superior results in papilledema resolution (98.8%
vs 82.8%, p-value<0.001), which is a complex and contradictory
finding, especially since the overall success rates were higher in
non-medial transconjunctival approach as we mentioned earlier;
and based on that further studies with more focused controls
and approach-focused outcomes and complications should be con-
ducted to ensure the results about it.

It is important to mention that we had statistically significant
heterogeneity in visual acuity (I12=92.1%) and visual field im-
provements (12=73.8%), which warrants careful interpretation. This
heterogeneity likely originates from multiple sources identified
through additional analyses. First, patient-specific factors varied
considerably across studies, with mean age ranging from 26.5
to 40.8 years, mean BMI from 26.8 to 39.6 kg/m?, and disease
duration before ONSF from 1.3 to 36 weeks. Second, follow-up
protocols differed significantly, with some studies reporting out-
comes at three months and others at up to two years post-procedure,
introducing temporal bias in outcome assessment. Third, there
was an inconsistency in measurement techniques, varying from
Snellen charts to log MAR for visual acuity and from Goldmann
to automated perimetry for visual fields, which created method-
ological variability that contributed to heterogeneous results. Also,
the threshold for defining improvement was inconsistently applied
across studies, with some requiring one-line improvement in visual
acuity while others demanded two or more lines for positive clas-
sification.

Our safety analysis revealed an overall complication rate of 9%
(95% CI: 5-16%, 12=48%), which is lower than previously reported
in some studies from previous literature. The subgroup analyses
of complications provided important significant considerations and
factors to highlight risks and possible preventive strategies.

Geographic variation was significant, with non-US centers report-
ing higher complication rates (13.9% vs 7.4%, p=0.007). This
difference might reflect variations in surgical expertise, patient se-
lection, guidelines, or reporting practices between the US and other
countries [17, 38]. The surgical approach significantly affected
complication rates, with the medial transconjunctival technique

showing lower complications (7.7% vs 13.2%, p=0.023), suggest-
ing it might be the safer approach, although the surgical tech-
nique findings warrant further verification as they are contradictory
within our analysis findings between different variables. Sample
size-based subgroup analysis demonstrated that centers in which
they performed more than 30 procedures reported in their research
paper had significantly lower complication rates (6.6%) compared
to those with fewer cases (15.2% for <30 cases, p<0.001), high-
lighting the importance of surgical experience and center volume,
and may also be considered that there is a possible effect from
the influence of sample size power on overall results. Specific
complications showed varying patterns, with diplopia being the
most common (3%, 12)=24%), followed by anisocoria (4%, 2=0%).

Our findings both support and extend the conclusions of the previ-
ous meta-analyses. Unlike Kalyvas et al.’s study [8], which focused
broadly on various surgical interventions for IIH; our analysis
provides a detailed focus on ONSF outcomes only. Compared
to Friso et al.’s [42] pediatric-focused review, our study offers a
comprehensive analysis across all age groups. When compared to
Santos et al. study [43], they included only ten studies, with limited
outcomes assessment compared to our defined methodology and
results. Also, in comparison with the recent Prokop et al. meta-
analysis [44], they had several limitations in their study, which
we worked to overcome in our analysis, including more compre-
hensive subgroup analysis, analysis of postoperative complications
in which they did not perform, handling of publication bias using
multiple statistical techniques, correction of bias through trim-and-
fill technique, performing more detailed risk of bias assessment, in
addition to the introduction of a GRADE framework approach to
our analysis in which they did not perform.

Despite the strengths and novel points of our analysis compared
to previous studies, our study has several limitations that warrant
acknowledgment. First, the retrospective nature of most included
studies introduces selection and reporting biases. Second, the het-
erogeneity in outcome reporting and surgical techniques across
studies may affect the generalizability of our findings. Third, the
lack of standardized visual outcome measurements across studies
made some comparisons challenging. Future studies should focus
on prospective data collection with standardized outcome measures
and longer follow-up periods. Multicenter randomized controlled
trials comparing different surgical approaches would be valuable
in definitively establishing the optimal technique. Additionally,
studies investigating the role of modern surgical adjuncts and their
impact on outcomes would be beneficial.

5. Conclusions

ONSF demonstrated significant efficacy in improving visual out-
comes, with promising results in visual field improvement (69.4%)
and papilledema resolution (90.9%). The procedure’s effectiveness
varied between different settings and approaches, with prospec-
tive studies and non-medial transconjunctival approaches show-
ing superior visual acuity improvement rates. Centers performing
more than 30 procedures demonstrated better outcomes and lower
complication rates, suggesting a volume-outcome relationship in
ONSF procedures. The overall safety profile was favorable, with
a 9% complication rate, mostly including manageable compli-
cations such as diplopia (3%) and anisocoria (4%). The medial
transconjunctival approach emerged as the safer technique with
significantly lower complication rates (7.7% vs 13.2%), despite the
fact that non-medial transconjunctival approaches demonstrated
better efficacy outcomes earlier. Geographic variations in both
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Table 1: Meta-Analysis of ONSF Outcomes and Subgroup Analyses

Outcome/Subgroup Category Subgroup Events/Total Proportion (95% CI) P-value

Visual Acuity Improvement Overall 400/1160 0.345 (0.318-0.373) <0.001*

Country Non-US 153/317 0.483 (0.428-0.538) <0.001*
us 243/816 0.298 (0.267-0.330)

Study Type Observational 312/931 0.335 (0.306-0.366) 0.034*
Interventional 84/202 0.416 (0.350-0.485)

Study Design Retrospective 354/1081 0.327 (0.300-0.356) <0.001*
Prospective 42/52 0.808 (0.681-0.892)

Surgical Approach Medial Transconjunctival 261/854 0.306 (0.276-0.337) <0.001*
Other 135/279 0.484 (0.426-0.542)

Sample Size >30 242/800 0.302 (0.272-0.335) <0.001*
<30 128/277 0.462 (0.404-0.521)
=30 26/56 0.464 (0.340-0.593)

Visual Field Improvement Overall 499/719 0.694 (0.659-0.727) <0.001*

Country Non-US 169/248 0.681 (0.621-0.736) 0.221
US 323/444 0.727 (0.684-0.767)

Study Type Observational 466/661 0.705 (0.669-0.738) 0.154
Interventional 26/31 0.839 (0.674-0.929)

Study Design Retrospective 466/661 0.705 (0.669-0.738) 0.154
Prospective 26/31 0.839 (0.674-0.929)

Surgical Approach Medial Transconjunctival 353/496 0.712 (0.670-0.750) 0.999
Other 139/196 0.709 (0.642-0.768)

Sample Size >30 312/436 0.716 (0.672-0.756) 0.930
<30 143/204 0.701 (0.635-0.760)
=30 37/52 0.712 (0.577-0.817)

Optic Disc Resolution Overall 319/351 0.909 (0.874-0.935) <0.001*

Country us 220/226 0.973 (0.943-0.988) <0.001*
Non-US 75/98 0.765 (0.672-0.838)

Study Type Interventional 157/159 0.987 (0.955-0.997) <0.001*

ONSF, Optic Nerve Sheath Fenestration; CI, Confidence Interval; US, United States; * Denotes Statistical Significance; P-values represent a comparison between subgroups
within each category; Overall results for each outcome represent the pooled analysis across all studies

Table 2: Postoperative Complications Rate

Study Diplopia Transient visual loss Worsening of visual Anisocoria Overall
functions complications
Soylev Bajin et al.[18] NR 21/81 11/112 NR 7156
Goksu et al. [19] NR 0/9 0/9 NR 0/9
Jefferis et al. [20] 0/30 2/30 2/30 NR 5/30
Melson et al. [21] 0/66 4/66 4/66 NR 0/66
Hagen et al. [22] NR NR NR NR 5/10
Wadikhaye et al. [23] NR 0/21 0/21 2/21 2/21
Obi et al. [24] 4/14 4/14 4/14 NR 3/14
Moreau et al. [25] 20/331 32/568 32/568 NR 23/331
Pineles et al. [26] 2/37 9/37 9/37 2/37 2/37
Nithyanandam et al. [27] NR 2/21 2/41 NR 4/21
Knapp et al. [28] NR 4/27 4/27 NR 0/13
Goh et al. [29] 0/19 0/19 0/19 0/19 0/19
Acheson et al. [30] NR 3/14 3/14 NR NR
Kelman et al. [31] 0/12 0/12 0/12 0/12 0/12
Spoor et al. [32] NR NR NR NR 4/53
Herzau et al. [33] NR 3/15 3/27 NR 3/15
Corbett et al. [34] NR 5/40 5/NR NR 8/28
Brourman et al. [35] 1/6 1/6 1/6 NR 2/6
Sergott et al. [36] NR NR NR NR 2/23

NR, Not Reported; ONSF, Optic Nerve Sheath Fenestration
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Study Events Total Proportion 95% Cl
Soylev Bajin et al 7 56 —— 0.12 [0.05;0.24]
Goksuetal. 0 IE— 0.00 [0.00;0.34]
Jefferis et al. 5 30 ————— 017 [0.06;0.35)]
Melsen et al 0 66— 0.00 [0.00;0.05)]
Hagen et al. 5 10 —_— = 050 [0.19;081]
Wadikhaye et al. 2 2 0.10 [0.01;0.30]
Obietal 3 14 021 [0.05;0.51]
Moreau et al 23 331 = 0.07 [0.04;0.10]
Pineles et al. 2 37 = 005 [0.01;018]
Nithyanandam et al. 4 21 0.19 [0.05;042]
Knapp et al. 0 13— 0.00 [0.00;0.25]
Gohetal. 0 19— 0.00 [0.00;0.18]
Kelman et al 0 12— 0.00 [0.00;0.26]
Spoor et al 4 53 —/ 008 [0.02;018]
Herzau et al. 3 15 020 [0.04;0.48]
Corbett et al. 8 28 —— 029 [0.13;049]
Brourman et al. 2 6 ——+——— 0.33 [0.04;078]
Sergott etal. 2 23 4= 009 [0.01;028]
Random effects model 764 <= 0.09 [0.05; 0.16]

Heterogeneity: /< = 48% <= 08877, p=0. b1 T T T 1
02 04 06 08
Overall Complications Rate

Figure 2: Overall rate of complications following ONSF Forest Plot.

efficacy and safety outcomes address the importance of standard-
izing surgical techniques and patient selection criteria. US centers
showed better papilledema resolution rates and better safety profiles
compared to non-US centers, suggesting possible differences in
practice patterns that warrant further investigation. These findings
support ONSF as a viable surgical option for IIH patients, espe-
cially when performed in experienced centers using appropriate
surgical techniques. Future studies should focus on prospective
studies with standardized outcome measures and surgical protocols
to further optimize patient outcomes. Also, developing formal
training programs and surgical guidelines could help reduce the
observed outcome variations across different centers and regions.
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ARTICLE INFO ABSTRACT

Article history:

Introduction: Postoperative nausea and vomiting (PONV) is a common complication following
Received 27 Feb. 2025

anesthesia. Penehyclidine hydrochloride (PHC), an anticholinergic medication, selectively inhibits the

Received in revised form 2 Apr. 2025 M1 Muscarinic and M3 Muscarinic receptors involved in the nausea and vomiting pathways. This study
Accepted 22 Apr. 2025 aims to evaluate the efficacy of PHC in preventing PONV and its potential advantages over existing
Published 27 Apr. 2025 treatments.

Methods: This study investigated the efficacy and safety of PHC in preventing PONV by analyzing
Keywords: randomized controlled trials (RCTs) identified through a comprehensive search of the PubMed,
Penehyclidine hydrochloride Scopus, Web of Science, and Cochrane Library databases up to December 2024.
Postoperative nausea and vomiting Results: Five RCTs involving 979 patients were included. Compared to the control group, PHC
Systematic Review reduced the incidence of PONV in the first 24-72 hours after surgery (RR: 0.64, 95% CI [0.50, 0.82],

p = 0.0004) and the requirement of rescue antiemetics (RR: 0.46, 95% CI [0.22, 0.96], p = 0.04).
However, PHC significantly increased the incidence of dry mouth (RR: 2.64, 95% CI [1.98, 3.5], p <
0.00001). No significant differences were observed between the two groups regarding other secondary
outcomes. Risk of bias assessment was done using RoB2.

Conclusions: PHC shows promising efficacy in reducing PONV and the need for antiemetic medica-
tions. Further large-scale RCTs are necessary to verify these results and determine the optimal dose.

Meta-analysis

1. Introduction also face a higher risk of hospital readmission compared to those
without these symptoms [6]. Clinicians use various medications
to prevent PONYV, including serotonergic (5-HT3) receptor antag-
onists, NK-1 receptor antagonists, corticosteroids, and anticholin-
ergics. Gan et al. recommend using 1-2 prophylactic interventions
for moderate-risk patients and at least two interventions for high-
risk patients [7]. However, despite the availability of multiple anti-
emetic drug classes, no single agent is universally effective or free
from adverse effects. This highlights the need for new antiemetic
agents that effectively prevent PONV and offer patients a better
safety and tolerability profile. Penehyclidine hydrochloride (PHC),

Postoperative nausea and vomiting (PONV) commonly compli-
cates recovery, affecting about 30% of surgical patients [1, 2]. It
involves nausea, retching, or vomiting within 24-72 hours after
surgery in hospitalized patients [3]. PONV can cause severe health
problems, including suture dehiscence in patients who cannot
tolerate increased abdominal pressure or strain on suture lines,
esophageal tears, postoperative bleeding, hematoma formation,
dehydration, and aspiration pneumonia [4, 5]. Patients with PONV
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another anti-cholinergic agent, is effective in reducing the inci-
dence of PONV [10, 11]. However, these reviews also highlighted
several adverse effects associated with its use, including visual
disturbances, dry mouth, agitation, and sedation [10, 11]. Several
studies across various surgical settings have investigated the ef-
fectiveness and safety of PHC in preventing postoperative nausea
and vomiting [12, 13, 14, 15, 16]. Consequently, we performed a
systematic review and meta-analysis of all randomized controlled
trials (RCTs) that assessed the efficacy and safety of PHC in
reducing the incidence of postoperative nausea and vomiting.

2. Methods

2.1. Data collection and extraction

We searched the Medline/PubMed, Web of Science, Scopus, and
Cochrane Library databases from inception up to December 2024
using the following search terms: ((“Penehyclidine” OR ‘“Penehy-
clidine hydrochloride raceme” OR “‘Penehyclidine hydrochloride™)
AND (“Nausea” OR “Vomiting” OR “PONV” OR “Emesis” OR
“Emeses”))

We removed duplicates with EndNote 20.5 software (Clarivate
Analytics, PA, USA). Reference screening followed two phases:
first, three authors independently reviewed titles and abstracts to
assess relevance, and then they examined the full-text articles to
confirm eligibility for quantitative analysis. A fourth author helped
resolve any disagreements through discussion. We used the Rayyan
website to facilitate the screening process [17]. This systematic
review and meta-analysis protocol was registered on PROSPERO
(CRD42025605004) on 02 January 2025.

We included RCTs that assessed the efficacy and safety of PHC
in preventing PONV in patients undergoing any type of surgical
procedure and receiving PHC. Included studies reported at least
one of the following outcomes: incidence of PONV, time to first
vomit, or incidence of adverse events. The control group in all
the studies included received 0.9% normal saline as a placebo. We
excluded non-RCT studies and studies with insufficient reporting
of relevant outcomes. In these studies, PHC was not the primary
intervention for PONV prevention, animal studies, or any study
not published in English. For overlapping study populations, the
most recent publication was chosen for inclusion. Four co-authors
independently extracted the data to an MS Excel sheet, with any
conflicts regarding study inclusion resolved by E.A. Extracted data
were organized into two domains: (1) Baseline characteristics of
the study population and (2) Study outcomes.

In the included studies, the dosage of PHC varied but remained
within a similar range. Lu et al., Wang et al., and Ding et al.
administered a fixed intravenous dose of 0.5 mg, while Sun et al.
and Zhao et al. used a weight-based approach, with a dose of 10
nglkg, capped at a maximum of 0.5 mg. Additionally, Zhao et al.
employed a continuous infusion of PHC at 10 ug/kg at a fixed rate
of 2.0 mL/h over 48 hours in a postoperative analgesia pump.

2.2. Outcomes

The primary endpoint is the Incidence of PONV, defined as the
development of nausea, retching, or vomiting at any time within the
72-hour postoperative period and the requirement of rescue anti-
emetics. Secondary outcomes included the incidence of dry mouth,
dizziness, the requirement of rescue analgesics, and headache. We
analyzed the overall rate of incidence of PONV regardless of time.

Identification of studies via databases and registers

Records identified from

PubMed (n = 9)
Web of Science (n = 8)
Cochrane (n = 18)

Records removed before
screening:
Duplicate records removed
(n=23)

Scopus (n = 23)
Total= 58

Records screened »| Records excluded by fitle and
(n=35) abstract (n = 29)

]

Reports sought for retrieval

[ Identification J

> Reporls nol retrieved

2 (n =6) (n=0)
5 !
:ﬂeposr:s assessed for eligibility Reports excluded: 1
n= —>
The article was excluded
because it did not meet the
inclusion criteria
) A
T+ Studies included in review
3 (n=5)
'E Reports of included studies
= (n=5)
S—

Figure 1: PRISMA flow diagram of the study

2.3. Risk of Bias Assessment

We used the revised Cochrane risk-of-bias tool (RoB2) for RCTs to
evaluate the risk of bias in the included clinical trials [18]. This
assessment included the randomization process, concealment of
the allocation sequence, deviations from intended interventions,
use of appropriate analysis to estimate the effect of the assigned
intervention, outcome measurement, selection of reported results,
and overall risk of bias. The methodological quality of the studies
was categorized as either low risk, some concerns, or high risk of
bias. Two independent co-authors (AM, IT) assessed the risk of
bias, and disagreements were resolved through discussion with a
third author (EA).

2.4. Statistical Analysis

We used RevMan (Version 5.3 for Windows) for statistical analysis
[19]. Heterogeneity was assessed through visual inspection of for-
est plots and statistically using the I-squared and Chi-squared tests.
When significant heterogeneity was detected (Chi-squared p < 0.1),
we applied a random-effects model, which assigns relatively greater
weight to smaller studies to account for heterogeneity. Otherwise,
a fixed-effects model was employed. To address heterogeneity, we
conducted sensitivity analyses systematically, excluding one study
at a time. The pooled effect size (risk ratio) and its correspond-
ing 95% confidence interval were calculated using the Mantel-
Haenszel method. Extracted data were entered into a spreadsheet
and carefully checked for accuracy.

3. Results

3.1. Literature search

The search strategy yielded 58 relevant articles. Of these, 23
duplicate articles were removed, and 35 were included in the title
and abstract screening phase. Ultimately, six articles were selected
for full-text review, resulting in the exclusion of one article. Finally,
five eligible RCTs comprising 979 patients were included in the
final meta-analysis [12, 13, 14, 15, 16] (Table 1) and (Table 2).
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Table 1: Baseline Characteristics of Included Studies

Study ID
Zhao 2024 [16]

Ding 2023 [12]

Wang 2022 [15]

Lu 2022 [13]

Sun 2021 [14]

Table 2: Surgical and Anesthetic Characteristics of Included Studies

Study ID

Zhao 2024 [16]

Ding 2023 [12]

Wang 2022 [15]

Lu 2022 [13]

Sun 2021 [14]

Type of Study Groups Sample Size Age (years), Mean (SD) Females, n (%) BMI, kg/m?, Mean (SD)
RCT PHC 46 44.1 (11) 46 (100%) 23.8 (4.1)
Placebo 46 48.8 (12) 46 (100%) 24.9 (4.8)
RCT Placebo 113 34 (9) 88 (77.8%) 38 (7)
PHC 221 33 (8) 153 (69.2%) 38 (7)
RCT Placebo 118 25 (4.50) 81 (68.6%) 20.5 (2.93)
PHC bolus 117 24.33 (5.25) 82 (70.1%) 20.37 (2.40)
PHC bolus + infusion 118 25.33 (5.25) 81 (68.6%) 21.2 (3.08)
RCT TIVA + PHC 50 42.8 (9.6) 37 (74%) -
TIVA only 50 43.6 (10.1) 33 (66%) -
RCT PHC 114 11 (14) 57 (50%) -
Placebo 104 10 (11) 43 (41.3%) -
PHC, Penehyclidine Hydrochloride; RCT, Randomized Controlled Trial; BMI, Body Mass Index; SD, Standard Deviation
Groups ASA Apfel Risk Score Duration of Duration of Length of stay in
Surgery, Mean anesthesia, Mean PACU, Mean (SD)
(SD) (SD)
ASA 172 ASA 2/3 2 3 4
PHC - 27/19 1(2.2%) 25(54.3%) 20(43.5%)  120.5 (60.6) 147.1 (63.1) -
Placebo - 28/18 2 (4.3%) 22 (47.8%) 22(47.8%) 105.7 (55.3) 132.2 (58.5) -
Placebo - 49/64 48 (42%) 46 (41%) 4 (4%) 77 (22) 93 (22) 66 (23)
PHC - 103/118 97 (44%) 67 (30%) 6 (3%) 76 (22) 92 (23) 66 (27)
Placebo - - - - - 201.33 (59.29) 252 (69.05) -
PHC bolus - - - - - 209.67 (51.79) 262.67 (56.30) -
PHC bolus + infusion - - 30(254%) 71(60.2%) 11 (9.3%) 204.33 (49.53) 254.33 (52.54) 83(53.29)
TIVA + PHC 97/20 - 32(274%) 66 (56.4%) 16 (13.7%) 76.6 (13.9) 95.9 (14.5) 76 (58.55)
TIVA only 91/27 - 28 (23.7%) 61 (51.7%) 20(16.9%) 75.5(15.5) 95.9 (16.7) 76.67 (60.04)
PHC - - - - - 30 (16) 63.5 (20) 60 (30)
Placebo - - - - - 28 (16) 64 (17.3) 59 (30)

PHC, Penehyclidine Hydrochloride; RCT, Randomized Controlled Trial; TIVA, Total Intravenous Anesthesia; ASA, American Society of Anesthesiologists Physical Status Classification; SD, Standard Deviation; PACU, Post-Anesthesia Care Unit
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The screening process is illustrated in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram (Figure 1). According to the Cochrane RoB 2 assessment,
one study had an overall low risk of bias, whereas the other four
studies had some concerns (Supplementary Figure 1).

3.2. Primary outcomes

PHC was associated with a significant decrease in the incidence
of PONV (RR: 0.64, 95% CI [0.50, 0.82], p = 0.0004) compared
to normal saline (Figure 3). However, the pooled studies were
heterogeneous (p = 0.04, 12 = 61%). We conducted a sensitivity
analysis in multiple scenarios. Heterogeneity was best resolved by
excluding the study by Ding 2023 (p = 0.46, I-square = 0%). In the
meta-analysis model, the overall risk ratio was still in favor of PHC
(RR =10.59,95% CI [0.50 to 0.71], p < 0.00001) (Figure 4).

PHC significantly reduced the need for rescue anti-emetics com-
pared to normal saline (RR: 0.46; 95% CI [0.22, 0.96]; p = 0.04),
as shown in (Figure 5). However, the pooled studies showed
considerable heterogeneity (p = 0.002, I2 = 76%). We conducted a
sensitivity analysis. Excluding the study by Ding et al., 2023, most
effectively resolved the heterogeneity (p = 0.77, 2 = 0%). After this
adjustment, the meta-analysis still favored PHC, with an overall RR
of 0.36 (95% CI [0.24, 0.55], p < 0.00001) (Figure 6).

Risk of bias domains

pi | b2 | b3 | b4 | D5 | overal |
wao2t | @ * * * * *
ping 2023 | (@) O * * * ©)

g wang 2021 (@) * * * O ©)
zhao2024| @ ® & ® O ©)
sunz2021 | @ e ® ® ©) @

Domains: Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Figure 2: Risk of bias 2 diagram
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Figure 3: Forest plot of postoperative nausea and vomiting (PONV)

Penehyclidine  Placebo Risk Ratio Risk Ratio
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Figure 4: Forest plot of sensitivity analysis for PONV

3.3. Secondary Outcomes

PHC showed no significant difference from normal saline in the
requirement for rescue analgesics (RR: 0.93; 95% CI [0.67, 1.28],
p = 0.64). The pooled studies were homogeneous (p = 0.60, 12 =
0%), as illustrated in (Supplementary Figure 2). The use of PHC
did not demonstrate a statistically significant difference in dizziness

occurrence compared to normal saline (RR: 1.38; 95% CI [0.90,
2.14], p = 0.14). The combined studies exhibited homogeneity (p
=0.62, 12=0%) (Supplementary Figure 3). The administration of
PHC showed no significant effect on headache incidence compared
to normal saline (RR: 1.00; 95% CI [0.53, 1.88], p = 1.00). The
aggregated studies demonstrated homogeneity (p = 0.70, I2 = 0%),
as shown in (Supplementary Figure 4). PHC was linked to a
significantly higher occurrence of dry mouth when compared to
normal saline (RR: 2.64; 95% CI [1.98, 3.50], p < 0.00001). The
pooled studies were homogeneous (p = 0.50, 12 = 0%), as presented
in (Supplementary Figure 5).

4. Discussion

This study aimed to investigate the effectiveness and safety of the
novel anti-cholinergic drug PHC in preventing PONV. Our findings
revealed that PHC significantly lowered the incidence of PONV
while maintaining a commendable safety profile. Notably, PHC
substantially reduced the need for rescue anti-emetics, although it
markedly increased dry mouth incidence. In contrast, PHC had no
meaningful impact on headache, dizziness, or the requirement for
rescue analgesics.

PONYV demonstrates a critical challenge for surgeons and anesthe-
siologists, significantly affecting patient outcomes. It can lead to
severe complications such as aspiration of gastric contents, which
may result in aspiration pneumonitis and wound dehiscence [20].
Moreover, PONV heightens the risk of postoperative bleeding and
airway obstruction caused by hematoma formation, further wors-
ening wound complications and intensifying postoperative pain.
These complications collectively hinder recovery, extend hospital
stays, and diminish patient satisfaction [4].

Vomiting is a complex neural reflex driven by five main affer-
ent pathways: the chemoreceptor trigger zone (CTZ), the vagal
mucosal pathway in the gastrointestinal tract, neuronal pathways
from the vestibular system, reflex pathways from the cerebral
cortex, and midbrain afferents [21]. Activation of any of these
pathways can trigger the vomiting response, mediated by various
receptors, including cholinergic, dopaminergic, histaminergic, and
serotonergic (5-HT3) receptors [22].

Penehyclidine  Placebo Risk Ratio Risk Ratio

Study or Subgroup _Events _ Total Events Total Weight M.H,Fixed, 95% CI M.H, Fixed, 95% CI

Lu2021 10 50 9 50 31.1%  1.11(0.49,250) —
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Total events 40 29
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Figure 5: Forest plot of the requirement of rescue anti-emetics
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Wang 2021 73 17 27 118 599%  2.73[1.90,3.91] ——
Zhao 2020 31 46 10 46 223%  3.10[1.73,5.56] —_—
Total (95% CI) 213 214 100.0%  2.64[1.98,3.50] <
Total events 18 45
Heterogeneity: Chi* = 1.40, df= 2 (P = 0.50); = 0%

02 05 2
Testfor overall effect Z= 6.69 (P < 0.00001) Favours Penehyclidine  Favours Placebo

Figure 6: Forest plot of sensitivity analysis of the requirement of rescue
anti-emetics

Type 1 muscarinic acetylcholine receptors, predominantly ex-
pressed in the vestibular system, play a key role in cholinergic
transmission. Anticholinergic drugs block this transmission from
the vestibular nuclei to the higher CNS and from the medullary
reticular formation to the vomiting center [10]. Nonselective
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muscarinic receptor antagonists like scopolamine and atropine
are widely used to prevent nausea and vomiting linked to motion
sickness [23].

PHC, an anticholinergic drug, selectively targets muscarinic 1 (M1)
and muscarinic 3 (M3) acetylcholine receptor subtypes. This mech-
anism of action aligns with its observed effectiveness in reducing
the incidence of PONV. Beyond its antiemetic properties, PHC
provides organ protection, benefiting the heart and lungs through
its antioxidant, antiapoptotic, and anti-inflammatory effects. Ad-
ministering PHC prior to surgery enhances the depth of anesthetic
sedation and prolongs the inhibition of respiratory secretions, mak-
ing it particularly advantageous in surgical settings [24, 25, 26].
Additionally. Liang et al. found that PHC administration at a dose of
0.012mg/kg could reduce propofol dosage for anesthesia induction
without affecting Bispectral index (BIS) values [27].

PHC demonstrates a longer half-life (10.35 hours) compared to
scopolamine (1.35 hours), another anticholinergic drug commonly
used for PONV prophylaxis [28]. While scopolamine significantly
influences autonomic cardiovascular regulation by increasing vagal
cardiac inhibition and lowering blood pressure in healthy young
individuals, it can also cause postoperative tachycardia when ad-
ministered transdermally [29, 30]. In contrast, Penehyclidine’s
selective antagonism of M1 and M3 receptors allows it to inhibit va-
gal reflexes without affecting heart rate [26]. Wang et al., who found
that PHC did not increase cardiovascular side effects compared
to placebo, confirmed these cardiovascular safety benefits [15].
Though not based on direct comparisons, these findings suggest
that PHC may be an equally effective alternative to scopolamine
for PONV prevention but with fewer unwanted cardiovascular side
effects. Future head-to-head trials comparing Penehyclidine and
scopolamine are warranted to validate these observations.

Additionally, PHC boasts a more favorable side-effect profile than
other antiemetics commonly used for PONV prevention. While
dry mouth remains its most frequent adverse effect, it avoids the
complications associated with drugs like dexamethasone, such as
delayed wound healing, hyperglycemia, and heightened infection
risks, particularly in vulnerable patients like those with diabetes
[31, 32]. Ondansetron, another widely used 5-HT3 antagonist, has
well-established efficacy and safety in preventing nausea and vom-
iting. However, it may cause headaches and a slight prolongation
of the QT interval, warranting cautious use in at-risk patients [33].

Our analysis included studies with different patient populations,
surgical procedures, and anesthesia techniques, leading to some
variability. Some studies used a combination of intravenous and
inhalational anesthesia, while others used total intravenous anes-
thesia (TIVA), which is generally associated with a lower risk of
PONV [34]. This difference in anesthesia methods is important
because inhalational agents can increase PONV risk, while TIVA
has a protective effect [35, 36]. Additionally, the included studies
assessed PHC across a range of surgical procedures, including
gynecological laparoscopy, thyroidectomy, orthognathic surgery,
strabismus surgery, and bariatric surgery, each carrying a differ-
ent baseline risk for PONV. Notably, PHC did not significantly
decrease the incidence of PONV in bariatric surgery, suggesting
that its efficacy may depend on specific surgical and patient-related
factors. However, the overall trend across studies demonstrated a
reduction in PONV incidence with PHC, supporting its potential
as an effective antiemetic in most surgical settings.

Our study constitutes the first comprehensive systematic review
and meta-analysis assessing the efficacy and safety profile of the
anti-cholinergic agent PHC in alleviating the incidence of PONV.

However, this study exhibits certain limitations. The patient cohort
was relatively small and derived from a single center. Moreover, all
of the studies included in our meta-analysis enrolled participants
of Chinese descent, which may influence the external validity
and potentially introduce selection bias. Furthermore, the types of
surgical procedures across the analyzed studies displayed varied
heterogeneity. Additionally, the included studies varied in anes-
thetic protocols, with some using inhalational anesthesia and others
employing total intravenous anesthesia (TIVA), which has a lower
baseline risk of PONV.

5. Conclusions

Our meta-analysis indicated that PHC significantly reduced the
incidence of PONV compared to placebo. The most commonly re-
ported adverse effect was dry mouth, while other side effects, such
as dizziness and headache, were less frequent. The overall safety
profile suggests that PHC-related adverse effects are generally mild
and tolerable. However, further large-scale randomized controlled
trials are needed to confirm these findings, explore optimal dosing
strategies, and compare PHC with other antiemetic agents.
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Background: Living donor liver transplantation (LDLT) is a crucial therapeutic option for patients
with end-stage liver disease in Egypt, where deceased donor grafts are scarce. This study aims to
investigate the challenges and infectious complications associated with LDLT in Egypt.

Methods: A comprehensive review of relevant literature was conducted, focusing on factors affecting
donor selection, the prevalence of infections in recipients, and the impact of healthcare providers’
knowledge on organ donation. The study included data on complications affecting donors and
recipients in the context of LDLT.

Results: The high prevalence of the hepatitis C virus and poverty in Egypt negatively impact the
live donor pool. Lack of knowledge about liver donation, inadequate media coverage, and family
pressure contribute to the low number of liver donors. Infectious complications play a significant role
in the outcomes of LDLT, with bacterial infections being the most common. Donors also experience
complications, with intraabdominal collections and pneumonia being the most frequent. Healthcare
providers’ knowledge and attitudes toward organ donation need improvement, and educational efforts
should be tailored to the cultural and religious context.

Conclusion: Addressing the challenges in donor selection, raising public awareness about organ
donation, and improving healthcare providers” knowledge are essential steps toward optimizing LDLT
outcomes in Egypt. Moreover, it is crucial to monitor and manage infectious complications in both
donors and recipients to ensure the success of the transplantation process.
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Living donor liver transplantation
Infectious complication
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Organ donation awareness

the leading cause of chronic liver disease (24.3% prevalence) and
is linked to schistosomiasis [1, 2]. Living donor liver transplant
(LDLT) is an established treatment option for patients with ESLD.
There are three types of liver transplant (LT): Deceased donor
liver transplant (DDLT), transplants from living donors, and split
transplants.

1. Introduction

End-stage liver disease (ESLD) refers to patients with chronic liver
failure who have irreversible damage and become decompensated
with cirrhosis complicated with ascites, variceal hemorrhage, hep-
atic encephalopathy, or renal failure. ESLD is caused by various
factors, including viral hepatitis, alcoholic hepatitis, metabolic
disorders, and selected hepatic malignancies. In Egypt, HCV is The prevalence of HCV in Egypt is the highest in the world, and LT
is the only curative option for these patients. The first LDLT was
performed in 1991 at the National Liver Institute in Egypt, and it is
now a mainstay of therapy for patients suffering from ESLD [3, 4].
Due to cultural and logistical obstacles, the DDLT program has
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not yet been implemented in Egypt. Despite the ongoing reliance
on LDLT in Egypt, systemic changes are emerging to support
the introduction of deceased donor programs [5]. A large study
found that age, pre-transplant diabetes, overweight status, and use
of mTOR inhibitors significantly increase the risk of developing
metabolic syndrome after LDLT in Egypt [5, 6]. This review aims
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to discuss the current status of Living Donor Liver Transplants
in Egypt. It will also outline the challenges and complications
associated with LT and the possible solutions.

2. Methods

A comprehensive literature search was done on relevant databases,
including PubMed, Google Scholar, Scopus, Web of Science, and
Cochrane. We used relevant keywords such as “Liver Cancers”,”
“Portal System Infections,” “Living Donor Transplants”, “Trans-
plants in Egypt”, “Liver Transplants History”, “Hepatitis C in
Egypt”, “Donor Selection”, “COVID-19” and “Organ Donation
Awareness” and combined them with their synonyms using ap-
propriate Boolean operators (AND, OR). Studies on living donor
liver transplants in Egypt and those focusing on their infectious
complication or history were included. Studies must be published
in a peer-reviewed journal in English, and full-text articles must
be available. The articles included were from inception to date and
included systematic reviews, meta-analyses, original reviews, and

narrative reviews.

Case reports, case series, and articles unrelated to living donor
transplants in Egypt disorders, infectious complications, or their
associations were excluded. Unpublished articles or ones published
in a language other than English were also excluded.

3. Discussion

3.1. History and current status

In 1963, Starzl et al. [7] described the first three trials of deceased
donor liver transplantation (DDLT) that led to a 100% hospital mor-
tality rate. Cyclosporine and advancements in graft preservation
techniques have made DDLT a more reliable curative treatment
[8]. Although DDLT has become a standard of care, the paucity of
donors, technical difficulties, and cultural controversies have posed
significant challenges to its use. As a result, LDLT emerged as
an alternative to DDLT. In 1987, Strong et al. performed the first
successful LDLT between a mother and her son [9]. Historically,
Egypt has had the highest prevalence of the Hepatitis C virus
(HCV) in the world, contributing to the high burden of end-stage
liver disease. Based on a systematic review published in 2013,
Egypt has a prevalence of 14.6% of HCV [10].

As brain death and cadaveric organ transplantation are not yet
widely accepted in Egypt due to cultural and ethnic controversies,
LDLT remains the only option for patients with ESLD. A surgical
team from the National Liver Institute of Menofya University
performed the first LDLT in Egypt in 1991 with suboptimal results,
as the longest recipient survival was 11 months. As a result,
Egypt began to develop centers for liver transplantation with the
assistance and supervision of international experts, resulting in a
more ambitious and prestigious process. The LDLT program at a
private tertiary center was established in 2001. Egypt currently has
thirteen comprehensive liver transplant centers [11].

A cross-sectional study in 2013 examined the current state of
transplantation in the Arab world. According to the study, 3804
liver transplants were performed in 11 different Arab countries
between 1990 and 2013, 2130 (56%) were performed in Egypt,
and most were performed for HCV cirrhosis. Interestingly, all
of them except two were LDLTs [4]. The collective data from
2014 to the present is limited. The field of liver transplantation in
Egypt continues to improve, but reporting of these improvements
is lacking.

3.2. Pediatric liver transplantation

Pediatric liver transplantation has its own set of indications and
challenges. The most common indications for liver transplantation
are chronic liver disease and its complications, genetic disorders,
hepatic tumors, and re-transplantation [12]. The number of liver
transplants for pediatric patients in Egypt is limited. According to
estimates, only 160 LDLT procedures were performed by 2013[11].
A study reviewed the current status of pediatric liver transplan-
tation and its limitations at a university hospital in Egypt. The
study followed 41 pediatric patients who were referred for liver
transplantation. Within the study period of six months, only four
patients received LDLT, and eight patients, unfortunately, passed
away while waiting for a transplant. There were several levels
of limitations. For recipients, late presentations and existing co-
morbidities were the most common limitations. On the donor side,
refusal to donate was the most common limitation. Regarding
the transplant program, it was not possible to perform surgery
on patients who were less than one year of age or weighed less
than eight kilograms. This limited the chances of nearly half of
the participants. There was also a limitation in the lack of re-
transplantation resources in the institution, which was necessary for
one patient [13]. Re-transplant in Egypt: The data for the status of
liver re-transplantation in Egypt is lacking. More studies are needed
to explore this important aspect of liver transplantation.

3.3. Liver Transplantation in the COVID-19 Era

During the COVID-19 pandemic, liver transplantation was dis-
rupted, as were many other healthcare services. Several steps
were taken to minimize infection transmission between transplant
patients and healthcare workers (HCWs), including small team
groups and better distribution of workloads, periodic training, and
audits by infection control teams, as well as appropriate personal
protective equipment. For example, the LDLT program at El-
Manial Specialized Hospital at Cairo University reopened on Au-
gust 26, 2020, after a closure period when the national quarantine
began in early March.

COVID-19 is considered a high-risk infection for patients who have
undergone a liver transplant due to their immunosuppressive medi-
cations and concomitant morbidities. In order to safeguard the well-
being of patients before and following transplantation procedures,
a multitude of protocols have been meticulously instituted. These
encompass comprehensive screening assessments for donors and
recipients in conjunction with rigorous infection prevention and
control measures. Despite all precautions, one of the three liver
transplant recipients mentioned in the study contracted COVID-
19 on his eleventh post-transplant day and was re-admitted to the
intensive care unit. Later on, his respiratory symptoms resolved,
and he was discharged safely from the hospital [14].

A retrospective analysis of 41 living donor liver transplant re-
cipients at a tertiary center assessed the outcomes of COVID-19
infection. Viral PCR and CT chest criteria were used to detect
COVID-19 infection from April 2020 to April 2021. The patients
were categorized into mild, moderate, severe, and critical, accord-
ing to the National Health Commission of China. Approximately
30% of patients showed mild symptoms, 46.5% showed moderate
symptoms, 14% were severe, and 9% were considered critical. Two
patients died, resulting in a mortality rate of 5%. The severity of
the disease was associated with female gender, obesity, and hyper-
tension. The limited number of participants presented a challenge
to the study [15].

Although the effectiveness of the COVID-19 vaccine in solid organ
transplant recipients is lower than in the general population, a
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recent study conducted in Canada found a significant improvement
in vaccination effectiveness against hospitalization and mortality
after the third dose of the vaccine [16]. Therefore, national medical
societies and authorities should strive to improve vaccine delivery,
especially for vulnerable patients following liver transplantation.
The World Health Organization (WHO) reported in December
2022 that less than 40% of the Egyptian population had been fully
vaccinated. There are no details on the delivery of the booster
vaccinations.

3.4. Quality of life after transplantation

Understanding and anticipating the quality of life after treatment
are crucial components of an informed decision-making process,
which is essential to patient autonomy. A significant operation, such
as hepatic transplantation, necessitates implementing a predictive
model that is, to some extent, anticipated and acknowledged by both
the medical professionals and the patient involved. Additionally,
it may predict survival for both patients and grafts. Researchers
at a university hospital used the validated health-related quality
of life (HRQOL) questionnaire in its Arabic version to assess
the quality of life of 35 liver transplant recipients before and
after transplantation at one and six months. All dimensions of
HRQOL improved significantly after transplantation. However,
17 highly educated patients who repeated the test one year after
transplantation reported no improvement in mental health other
than a limitation in their role[17].

Another study combined HRQOL with the liver disease quality
of life 1.0 (LDQOL 1.0) to evaluate the quality of life in the pre-
transplantation and post-transplantation phases for 103 patients and
50 patients on a waiting list. As a result of both questionnaire
components, all recipients had significantly higher HRQOL scores
than those on the waiting list [18]. Since LDLT has a significant
effect on the donors as well as the recipients, a cohort study
evaluated the quality of life of 30 normal volunteers and 30 donors
between six months and four years after surgery using the short
form 36 (SF-36 V2) at a private hospital. The quality of life after
full recovery was not compromised. They resumed their regular
activities within two to four months[19]. Another study used the
Physical, Cognitive, Affective, Social, Economic, and Ego Func-
tioning (PCASSE) quality of life questionnaire to measure 33 living
liver donors’ quality of life, which included emotional and physical
aspects. At the second follow-up visit, three months after surgery,
their scores were significantly lower than at baseline. Patients were
able to return to their normal activities and occupations, which
significantly affected the social domain of the questionnaire. Again,
the overall quality of life was not reduced after complete resolution
[20].

3.5. Challenges and opportunities

3.5. Challenges and opportunities The transplantation of livers in
Egypt is faced with many challenges. The shortage of organs in
the face of increased demand for liver transplantation is one of
the most pressing issues [4]. The lack of legislation in Egypt that
permits deceased liver transplantation is one of the reasons for
this shortage[21]. Although deceased liver transplants have been
legalized in other Arab countries, their implementation remains
limited due to cultural and logistical barriers [21]. The living donor
liver transplant is the only one performed in Egypt and is associated
with its challenges and risks [22]. In addition to these risks, the
donor faces a risk of morbidity of 52.17% and mortality of 0.29%
[23, 22]. After the donation, the donor’s quality of life declines in
the month following the donation but returns to its pre-donation
level after three months [24].

Aside from the strict laws governing donation, LDLT is also ham-
pered by the requirement that donors must be related to recipients,
and if a donor cannot be found, the legal team must document the
failure before finding a non-related donor who must be evaluated
twice by an independent psychiatrist [25]. Additionally, the cost
of the medical evaluation process that the donor must undergo
ranges from 1050 to 1455 USD [26, 27]. Around 51.72% of patients
awaiting liver transplantation are delisted due to the absence of a
related donor [28].

Egypt’s high HCV prevalence and poverty negatively impact the
live donor pool [4]. About 56.6% of donors are rejected for donation
[26], and about 96.2% of recipients are in contact with an excluded
donor, with a median of three donors per recipient [29]. Anatomical
variations are the most common cause of exclusion, followed by
viral hepatitis [30]. Several factors contribute to the low number
of liver donors in Egypt, including a lack of knowledge about
liver donation, inadequate media coverage, and family pressure
[21, 29]. According to a survey, 47% of Egyptians are willing
to donate their organs after death. As soon as the participants
were provided with information regarding the process, regulations
concerning organ donation, and consenting options, this percentage
increased to 78%. Furthermore, the participants did not understand
the Egyptian transplant law articles. Many community-based in-
terventions have successfully changed public behavior, especially
in rural areas. Therefore, raising public awareness about organ
donation through mass media campaigns and involving religious
leaders and scholars is paramount [31]. One survey found that only
34% of healthcare providers would be willing to donate a liver. In
Egypt, 53% of healthcare providers are unaware of the opinion of
their religion regarding transplants, and 83% are dissatisfied with
how the media covers organ donation [21]. A survey revealed that
Egyptian medical students lacked an understanding of the legal
aspects of organ donation (OD) and the OD process, negatively
affecting their attitude towards OD. The undergraduate medical
curriculum should be revised to emphasize the importance of organ
transplantation and to define the concept of brain death to assist our
prospective doctors in educating the public about this procedure
and its advantages. Religious and cultural backgrounds should be
taken into account in these approaches, as they play a significant
role in influencing the decisions of Egyptians [32]. Continuing
medical education for HCPs regarding liver transplantation and a
better understanding of their religion’s position on organ donation
will enable them to recruit more donors [21]. A lack of suitable
living donors and the lack of deceased donor grafts in Egypt has
led to many Egyptian patients seeking transplants abroad in what
is known as transplant tourism, where there are ample deceased
donors [33, 29].

3.6. Complications associated with LDLT recipients

There is no doubt that infectious complications are among the
most significant factors influencing the outcome of living donor
transplantation for both the donor and the recipient. Infectious
complications can be categorized into early or late complications.

3.7. An overview of early and late infections

A study of 128 liver transplant recipients found that bacterial
infections were the most common early complications. The most
prevalent pathogens among the study’s survivors were Klebsiella
and Pseudomonas. Acinetobacter dominated the non-survivors,
followed by Methicillin-resistant Staphylococcus aureus (MRSA).
In the same study, 29 patients experienced early mortality following
LDLT, with sepsis accounting for 58% of the deaths. Within
the initial year of the investigation, 23 participants experienced
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mortality, among whom five succumbed to sepsis, accounting for
approximately 22% of the deaths. Four of them had CMV infec-
tion, one isolated from CMYV, and three had concomitant bacterial
infections (Pseudomonas, enterococci, and Acinetobacter), as well
as disseminated candida in two of them. The fifth patient who died
of sepsis without contracting CMV had a single Staphylococcus
cohnii infection [34].

Infections that develop during the early, intermediate, or postoper-
ative periods are more likely to result in death. A separate study
revealed that out of 128 patients, 53.1% acquired infections during
the early postoperative period and 27.3% during the intermedi-
ate postoperative period. The mean survival of recipients with
early infections (approximately 30.7%) and intermediate infections
(about 25.4%) was significantly lower than that of recipients with-
out pretransplant infections. MSSA, MRSA, and Acinetobacter
infections were associated with a higher mortality rate following
transplantation. Similarly, recipients with CMV and Klebsiella
infections were more likely to die during the intermediate period
[35].

A multicenter study found that 416 infections occurred in 127
(52%) of the 246 patients who underwent LDLT and participated
in the study. Gram-negative bacteria caused 310 infections (74%),
while Gram-positive bacteria caused 87 infections (21%). Pseu-
domonas aeruginosa accounted for the majority of infections (110
episodes, or 26%), followed by Klebsiella species (79 episodes,
or 19%), Escherichia coli (69 episodes, or 16%), Acinetobacter
baumannii (33 episodes, or 8%), and MRSA (32 episodes, or 7.7%)
[36].

3.8. Site of infection

Almost all patients, including a few with cholangitis, had an intra-
abdominal bacterial infection. Other common infection sites in-
clude the lungs, urinary tract, and wounds [34]. In another study,
73.3% of the 45 patients had bacterial infections. Infections most
frequently occur in the bile. Additionally, isolated Gram-negative
bacteria were the most prevalent. Some individuals experienced
only a single episode, while others experienced multiple episodes.
Acinetobacter baumannii was the most frequently isolated organ-
ism in both single and repeated infection episodes (19% and 33.3%,
respectively), followed by Escherichia coli for repeated infections
(11.1%) and Pseudomonas aeruginosa for single infections (19%)
[37]. The most frequent site in 246 individuals, the biliary tract,
affected 169 patients (or 40.6%), followed by the abdominal area
(129 patients, or 31.0%), pneumonia, 44 patients, or 10.6%, blood-
stream patients, 39 patients, or 9.4%, and urinary tract infections,
35 patients, or 8.2% [37].

3.9. Hospital-associated infections

In a scholarly investigation involving 337 ESLD patients admitted
to the intensive care unit (ICU), it was observed that approximately
36.5% (n=123) were suspected of having healthcare-associated in-
fections (HAIs), with 57 of these cases subsequently receiving con-
firmation. The most reported hospital-associated infections were
bloodstream infections (49.1%), urinary tract infections (31.6%),
pneumonia (12.3%), and spontaneous bacterial peritonitis (7%).
Several Gram-positive bacteria were responsible for HAIs, with
Staphylococcus aureus accounting for the majority (12/20, 60%).
Gram-negative bacteria most commonly found were Escherichia
coli (12/57, 21.1%). Gram-negative bacteria’s prevalence is higher
than Gram-positive bacteria’s (43.9% versus 40.4%). Fungal in-
fections were reported in 15.8% (9/57) of the patients. Candida
species were the most prevalent (12.3%). Anaerobic infection was
not detected. The discovery of Sphingomonas paucimobilis and

Achromobacter dentrificans as pathogens for UTI and BSI, respec-
tively, in the ICU was a first [38]. A study on Klebsiella pneumoniae
isolates in liver transplant recipients found full resistance to several
antibiotics, with Amikacin being the most effective (50% efficacy),
highlighting the need for targeted antibiotic strategies [39].

3.10. Impact of pre-transplant infection

The results of a study involving 50 patients with chronic liver dis-
ease who underwent liver transplantation revealed that those with
high scores on the Model for End-Stage Liver Disease were more
prone to infection, both before and after surgery. Chest infection
was the most prevalent infection (n=10), followed by nasal mucosal
infection (n=8), UTI (n=6), SBP (n=4), and gastroenteritis (n=1).
The mortality rate was elevated at 40%, compared to a 23.3%
mortality rate observed in 30 patients who did not present with
infections prior to transplantation. The impacted group’s causes
of death were primarily medical (infections and sepsis), approxi-
mately 75%, compared to 28.6% in the other group [40].

3.11. Hepatitis C virus (HCV)

Today, chronic HCV infection, predominantly genotype 4, is the
leading cause of ESLD and the primary reason for liver trans-
plantation, according to a study conducted at the Gastrointestinal
Surgery Center at Mansoura University. A total of 453, or 90.6%,
of the 500 participants were infected with HCV. A total of 450
individuals (about 90%) had HCV recurrences, which required
administering antiviral medications following surgery [41]. While
following 38 patients in different settings, recurrence was observed
in 10 individuals (26.3%), with the smaller the graft, the higher
the recurrence rate [42]. In the following study of 74 patients with
HCV infection who were undergoing LDLT for end-stage cirrhosis
or HCC, the latter finding was refuted. Among the 74 individuals,
23 (31.1%) had recurrences of HCV. Researchers found that despite
the absence of serum hepatitis B virus deoxyribonucleic acid
in recipients, pre-transplant positive antibody to hepatitis B core
antigen (total) was significantly associated with the recurrence of
HCYV [43]. This high rate of HCV recurrence led to the conclusion
that Sofosbuvir-based regimens were effective with high sustained
virological response rates 12 and relatively safe in a difficult-to-
treat population, recurrent HCV post-LDLT [44].

3.12. COVID-19

COVID-19 infection is more likely to occur in the context of
LDLT due to the risk of chronic immunosuppression; however, the
consequences in terms of morbidity and the need for hospitalization
or intensive care are often matched to the population [45? ].

3.13. Complications associated with the donor of LDLT

It is important to note that complications do not only affect the
recipient but also the donor. Multiple studies have reported infec-
tious complications that vary according to the setting. The most
commonly observed complication in a handful of donors was
intraabdominal collections (21.1% of 145 patients) [22]. Among
the significant early infections, pneumonia has been reported in two
patients out of fifty, as well as wound infections [46, 23].

The strength of this article lies in its comprehensive coverage
of the infectious complications associated with living donor liver
transplantation in Egypt, addressing both the donor and recipient
perspectives. It also highlights the social, cultural, and legal factors
that influence the availability of liver donors in the country. By
providing an extensive analysis of the different types of infections,
their prevalence, and their outcomes, this article offers valuable
insights for healthcare professionals, policymakers, and researchers
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to understand better the challenges and opportunities in the field
of liver transplantation in Egypt. The study complements recent
localized data on post-transplant complications and educational
interventions, though broader, multicentric studies are still needed
[47]. However, the article has some limitations. Firstly, it relies
heavily on existing studies, and given the dynamic nature of health-
care and the prevalence of infectious diseases, the data may become
outdated over time. Secondly, the article does not directly compare
the findings in Egypt to those from other countries or regions,
which could have offered a better understanding of the global
context.

4. Conclusions

Addressing the challenges and limitations in organ donation and
transplantation can lead to better patient outcomes and a more
robust healthcare system. This article presents a detailed overview
of the infectious complications related to living donor liver trans-
plantation in Egypt, emphasizing the need for improved aware-
ness, education, and resources. Future research should focus on
updating the findings presented in this article, comparing them to
other regions, and exploring the potential for new strategies and
interventions to improve the safety and success of living donor liver
transplantation in Egypt.
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Introduction: Acute myeloid leukemia (AML), constituting 30% of pediatric malignancies, is the most
common childhood cancer. This paper explores the rare presentation of AML with extramedullary
involvement, specifically bilateral proptosis, in a 15-year-old boy.

Case report: The patient initially presented with worsening shortness of breath, palpitations, extreme
fatigue, and bruising. Examination revealed bilateral proptosis, watery discharge from the right
eye, and petechial rash. Blood investigations revealed low hemoglobin, severe thrombocytopenia,
and high WBC count. Computed tomography (CT) revealed bilateral orbital infiltrative soft tissue
lesions. Leukemia fusion gene screening identified RUNX1-RUNXI1T]1 later. The patient was admitted,
received transfusions, and started on antibiotics. Despite initial improvement, he later developed sepsis,
septic shock, and severe pancytopenia, necessitating intensive care and specific AML M2 targeting
therapy.

Conclusion: Bilateral proptosis in AML, termed myeloid sarcoma (MS), is rare but responsive to
chemotherapy. Orbital MS has higher responsiveness and survival rates in pediatric cases. The case
highlights the importance of identifying AML subtypes, like RUNX1-RUNXI1T1-positive AML, for
tailored treatment strategies. This case underscores the challenges in diagnosing and treating pediatric
AML with extramedullary involvement. Early recognition of AML subtypes is crucial for prognosis
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Myeloid Sarcoma
Bilateral proptosis
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prediction and treatment tailoring.

1. Introduction

Acute leukemia, constituting approximately 30% of pediatric ma-
lignancies, stands as the most prevalent cancer in children [1].
Specifically, Acute myeloid leukemia (AML), which is the sec-
ond most common form of leukemia, manifests in up to 15%
of the pediatric leukemic population [2]. Leukemia, defined as
a hematopoietic system malignancy, results in the infiltration of
the bone marrow by myeloblasts in AML. These myeloblasts
disrupt the development of normal blood cells in the bone mar-
row and are subsequently released into the bloodstream, reaching
distant extramedullary sites such as the orbit, soft tissues, and
bones, forming a solid tumor known as myeloid sarcoma (MS)
[3]. While extramedullary involvement is rare in AML, it is ex-
ceptionally uncommon in bone structures [4]. Myeloid Sarcomas
are most prevalent in specific AML subtypes, notably M6 (Di
Guglielmo syndrome), M5a (monoblastic), M5b (monocytic), M4
(myelomonocytic), and M2 (myeloblastic with maturation) [5]. The
incidence of extramedullary disease is low, accounting for 2.5-9%
of AML, with 60% of Myeloid sarcomas occurring in children
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under 15 years old [6]. Notably, the incidence appears slightly
higher in Asia, the region of origin for our patient [7].

While extramedullary involvement in AML has been previously
documented, the presentation of bilateral proptosis as the initial
manifestation of AML with the RUNX1-RUNXIT1 fusion gene
is exceptionally rare, with limited cases in the literature. This
case contributes to understanding orbital involvement in AML and
highlights the importance of early molecular characterization in
guiding treatment decisions. In this report, we describe a case of
AML in a 15-year-old boy who presented primarily to the Emer-
gency Department with the chief complaint of fatigue, dyspnea,
and bilateral proptosis.

2. Case Presentation

2.1. History

A 15-year-old male patient from South Asia presented with a chief
complaint of worsening shortness of breath and palpitations on
minimal exertion and extreme fatigue that was associated with back
pain for the past 15 days. The patient has been feeling progressively
weak for the past week, with no recent fever. Additionally, he re-
ported associated bruising without any history of trauma or family
history of similar conditions. The surgical history and medical
history are unremarkable. There’s no recent travel history for three
years and no known allergies. The patient had been attending the
gym for the past few months, intentionally reducing weight from 98
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Table 1: Leukemia Fusion Gene (Q30) Screening

Translocation Gene Fusion Result

t(9;11) (p22:;q23) KMT2A-MLLT3 Fusion mRNA Not
Detected

t(15;17) (q24:;921) PML-RARA Fusion mRNA Not
Detected

t(8;21) (q22;q22) RUNXI1-RUNXITI Fusion mRNA of
RUNXI1-RUNXIT1
Detected

t(4;11) (q21;923) KMT2A-AFF1 Fusion mRNA Not
Detected

t(12;21) (p13;q22) ETV6-RUNXI1 Fusion mRNA Not
Detected

t(1;19) (q23;p13) TCF3-PBX1 Fusion mRNA Not
Detected

t(11;19) (q23;p13.3) KMT2A-MLLT1 Fusion mRNA Not
Detected

t(9;22) (q34:ql1) BCR-ABL1 Fusion mRNA Not
Detected

to 92 kg. No chest pain, abdominal pain, nausea, vomiting, changes
in urine or bowel habits, melena, or blood in stool were reported.

2.2. Examination

On examination, the patient was vitally stable with a temperature
of 37.1 °C, heart rate of 110, respiratory rate of 20, blood pressure
of 106/60, and maintaining SpO2 at 99% on room air. The patient
has a patent airway, bilaterally equal, and clear entry with no
added sounds. The patient is tachycardic, with the Glasgow Coma
Scale at 15; however, he appears extremely pale. As shown in
(Figure 1), bilateral proptosis of the eyes (right more than left)
led to a change in facial appearance that has worsened over the
past 15 days. There is a watery discharge from the right eye with
lower lid retraction and reduced hearing bilaterally without pain
and normal eye movements. No visual disturbances or ocular pain
were reported. He exhibited a petechial rash, mainly noted on the
lower lip.

2.3. Investigations

The patient’s blood workup revealed critical values: low hemoglobin
of 2.9 g/dL (Normal range: 13.5-17.5 g/dL), severe thrombocy-

topenia of 5,000/mm? (Normal range: 150,000-400,000/mm?).

High WBC count of 33,500/mm?® (Normal range: 4,500-11,

000/mm?). Further investigations showed CRP: 13, MCV: 97, retic

count: 0.97, LDH: 213, Haptoglobin: 2.46 g/L (Normal range:

0.3-2.0 g/L), INR: 1, and creatinine: 86. Liver function tests were

within normal limits.

Blood film results indicated predominantly normocytic normochromic

RBCs and leukocytosis with the following differential: Neutrophils
3%, Lymphocytes 9%, Monocytes 2%, Blasts + promyelocytes
86%. Blasts displayed characteristics such as Auer rods, Buttock
cells, large size, scant granular cytoplasm, high N: C ratio, irregular
nuclear contours, immature chromatin, and prominent 1-2 nucleoli.

The leukemia fusion gene report (Table 1) detected positive
gene fusion mRNA of RUNXI1-RUNXITI that correlates with
the translocation in t(8;21) (q22;q22), which has been associated
with both de novo and therapy-related AML and has a favorable
prognosis.

FLT-3: negative, Flow cytometry post-Induction I: 3% CD34 posi-
tive, CD117 positive blasts. The Computed tomography (CT) Orbit
Sella with Contrast (Figure 2) and (Figure 3) displayed bilateral,
almost symmetrical enhancing extra-conchal soft tissue lesions
observed at both orbits’ superior and lateral aspects. A biopsy was
not obtained to confirm the diagnosis of myeloid sarcoma.

Figure 1: Ophthalmology findings at the initial visit showed bilateral ocular
proptosis, more prominently on the right eye, with lid retraction (Left). The
side view displays ocular proptosis (Right).

2.4. Treatment

The patient is admitted to the High Dependency Unit (HDU).
Anemia workup, TFT, occult blood, and blood film were sent.
Autoimmune and viral screens were sent. An urgent type of cross
for four units of PRBC/4 FFP/6 platelets was requested. Two units
of PRBCs and six units of platelets were transfused, after which his
HB improved to 6.5 and platelets improved to 30,000. Pan cultures
were sent, and empirical ceftriaxone was started. Ophthalmology
advised tobramycin-dexamethasone eye drops and a pan CT of the
orbital region with contrast once the patient is stable vitally. Blood
pressure is monitored, and MAP is kept above 65.

The patient was started on Intravenous hydration along with an
Intravenous antibiotic given the blood workup, and the blood film
showed the possibility of acute myeloid Leukemia for further
workup. The next day, the patient’s right eye showed more protru-
sion and redness with dryness compared to yesterday. The left eye
was showing a new sub-scleral hemorrhage but no ophthalmople-
gia. Eye movements were preserved. The patient was accepted to
be transferred to a specialized hospital where an Oncology service
is available for Acute Myeloid Leukemia chemotherapy.

Figure 2: Sagittal view displaying poor definition of the superior and
lateral recti muscles of both orbits, particularly prominent on the right
orbit secondary to leukemic cell infiltration in a child with acute myeloid
leukemia.

2.5. Outcomes and Follow-up

After 1 month after admission, the patient was brought by am-
bulance as a case of altered level of consciousness, lethargy, and
loss of appetite and presented with chief complaints of fever, SOB,
vomiting, and generalized weakness for one day. He vomited twice,
but no coffee ground vomitus, no blood vomiting, no cough, no
chest pain, and no bleeding from any site. On examination, the
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LT-ORBITY

RT-ORBITY

Figure 3: CT Left (LT) and Right (RT) Orbit Sella showing bilateral orbital
enhancing infiltrative soft tissue lesions with subsequent bilateral proptosis
of eye globes, particularly the right globe.

patient is vitally stable with HR: 78 bpm, BP 88/22 mm Hg, RR: 16
bpm. Sp02: 96%. He was alert, conscious, oriented, chest clear, and
his abdomen was soft, not tender. The patient developed sepsis and
septic shock, acute kidney injury, and severe pancytopenia. Blood
culture was positive for gram-negative rods identified as Klebsiella
pneumoniae pan-sensitive. The patient required inotropic support
and Intensive Care Unit admission, as well as being managed
accordingly with cefepime, teicoplanin, and voriconazole.

WBC 0.03 x10(3)/mcL, HB 5.80 g/dL, platelet 9.00 x10(3)/mcL,
he was started on filgrastim 300 mcg SC OD till absolute neu-
trophile 0.5 and managed with platelets and packed RBCs trans-
fusion. Abdominal US showed mild hepatomegaly.

One month later, the patient was treated according to the Tawam
AML protocol, which consists of standard induction with cytara-
bine (100 mg/m? continuous infusion for 7 days) and daunorubicin
(60 mg/m? for 3 days), followed by four cycles of high-dose
cytarabine consolidation therapy, tailored explicitly for RUNX1-
RUNXI1T1-positive AML M2 subtype. His chemotherapy was
complicated by septic shock with gram-negative rods, which he
recovered from successfully after prolonged admission and PICU
stay. Fungal infection of the lungs, with Chest CT suggestive of
fungal infection, was managed with Voriconazole. He had bilateral
Retinal detachment and is currently followed by ophthalmology.

3. Discussion

Bilateral proptosis, being the main presentation in an AML patient,
has been previously reported in some reports across the globe.
Albeit far less common than their counterparts’ presentations,
unilaterally, Leukemic cellular infiltration of the retro-orbital space
is the main pathophysiologic phenomenon reported behind prop-
tosis in AML cases [8, 9, 10, 11, 12, 13]. In our case, bilateral
proptosis was observed as the initial presentation of the disease.
This aligns with several reports in the literature that describe orbital
myeloid sarcoma as an initial manifestation of AML, where orbital
involvement precedes the diagnosis of the underlying hematologic
malignancy [14, 15].

Other contributory reasons include retrobulbar hemorrhages, ob-
structed venous drainage, and extraocular muscle infiltrates within
the orbital space [16]. This specific extramedullary manifestation
of AML was recognized by Allen Burns in 1811 as the green
tumor and subsequently termed granulocytic sarcoma (GS) [17].
The green coloration due to myeloperoxidase concentration is
variable, however, which leads to the broader nomenclature of
orbital leukemic infiltrates by the term myeloid sarcoma (MS), or
more commonly, chloroma [18].

Our patient, a 15-year-old male, presented with bilateral proptosis,
which, although consistent with orbital involvement, falls slightly
outside the most affected age group reported in the literature.
Orbital MS is most frequently seen in children, with a mean age
of presentation around 7 years [19]. Moreover, studies highlight
a predilection for the 3—-10-year-old age range, making it impor-
tant to recognize that such presentations can also occur in older
adolescents. More importantly, orbital MS was more responsive
to Children’s Cancer Group (CCG) chemotherapy protocols, 96%
of which achieved complete remission at the end of the second
treatment course compared to other non-CNS MS (78%) and non-
MS (78%) AML patients undergoing similar protocols. Event-free
survival (76%) and overall survival (92%) were also markedly
higher in orbital MS compared to other extramedullary variants
[20]. Independent survival rates, orbital MS was proven to be more
likely associated with the M2 morphology of AML and (8;21),
which were noncontributory to the significance of survival differ-
ence compared to other AML morphologies. These characteristics
of orbital MS were in consensus with another study conducted in
Soweto, South Africa, but prognostic data remain conflicted with
another study in Turkey on a similar population and is still a topic
for further investigation [21, 22].

The significance of identifying the type of AML lies in the varying
clinical picture it presents. The M2 subtype has the lowest mean
hemoglobin levels among all other subtypes, reaching as low as
3g/dl, while having the highest platelet counts, reaching as much as
1000x10° platelets /L [23]. Immunophenotyping variation was also
significant in AML M2, as CD7 positivity was most predominant,
guiding toward the use of promising targeted chemotherapeutic
agents like the recent autologous CD7 CAR T-cell therapy [24].

The CT of the orbits shows poor definition of the superior and
lateral recti muscles in both orbits, more prominently on the right
side. This contrasts with previous studies that demonstrated diffuse
infiltration and enlargement of all extraocular muscles without an
associated mass [11, 25].

AML is a heterogeneous disease with various subtypes, each char-
acterized by distinct genetic abnormalities [26]. Two of these
subtypes are RUNX1-RUNXITI (previously known as AML1-
ETO) and CBFB-MYHI11-positive AML [27]. RUNX1-RUNXI1T1
is one of the most common genetic abnormalities found in the
AML M2 subtype and is among the initial fusion genes employed
for the surveillance of minimal residual disease [28]. It results
from a translocation and fusion between chromosomes 8 and 21.
Patients with RUNX1-RUNX1T1-positive AML typically have a
more favorable prognosis than many other AML subtypes. This
subtype is often associated with younger age, a higher likelihood
of achieving complete remission (CR) with treatment, and special
morphological features such as lower white blood cell counts,
sizable blasts characterized by ample basophilic cytoplasm filled
with numerous azurophilic granules, and Auer rods. There have
also been instances of blasts with exceptionally large granules,
possibly suggesting a fusion of these cells [29]. Treatment re-
sponse in this specific subtype is primarily reliant on anthracy-
clines and cytarabine, coupled with subsequent 2-4 rounds of
cytarabine; treatment can be enhanced through the incorporation of
gemtuzumab-ozogamicin (GO), an antibody targeting CD33 [30].
However, long-term survival can vary, and additional factors, such
as the presence of other mutations, are taken into consideration
[31].

Another AML variant belonging to the favorable risk subtypes is
CBFB-MYHI11-positive AML, which is associated with the AML-
M4Eo subtype and results from the inv (16) (p13q22) translocation.
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This subtype has a higher likelihood of achieving CR and prolonged
disease-free survival [32]. Patients with CBFB-MYH11-positive
AML tend to be younger and have other distinctive morphologic
features, including an abundance of monocytes and a distinctive,
atypical eosinophil element that defines this particular AML sub-
group, which is why it is often referred to as M4Eo AML [33].
However, like RUNX1-RUNXI1T1-positive AML, the presence of
additional genetic mutations can influence prognosis. Response of
this specific subtype was specifically proven to be sensitive to high-
dose cytarabine-based consolidation regimens, thereby guiding
treatment modalities and options towards better and more specific
regimens [34, 35]. However, it is worth noting that relapses affect
nearly 50% of adult patients, and the survival rate beyond five years
is merely around 50% [36, 37, 38].

AML characterized by t(8;21) or inv(16) is typically grouped under
the term "core binding factor AML (CBF-AML) [39]." CBF-AML
comprises about 25% of pediatric and 15% of adult patients with
newly diagnosed AML, making it the most prevalent cytogenetic
subtype of AML [40]. Survival outcomes for pediatric CBF-AML
patients, when compared to AML with typical cytogenetics, show
a slight improvement. However, a subset with a less favorable prog-
nosis exists within this patient population. This suggests that there
is diversity among these patients, and it is likely that additional
mutational changes can impact the development of the disease [41].

Given the rarity of extramedullary AML involvement, especially in
the context of bone structures, additional diagnostic workup may
be necessary to identify the subtype accurately. This may involve
cytogenetic and molecular genetic testing to detect specific translo-
cations, mutations, and fusion genes associated with AML sub-
types. Management of AML in pediatric patients typically involves
intensive chemotherapy regimens aimed at achieving CR. For
patients with RUNX1-RUNXIT1 and CBFB-MYHI1-positive
AML, standard induction chemotherapy, often including anthra-
cycline -based regimens, is the first-line treatment. Hematopoietic
stem cell transplantation (HSCT) may be considered for eligible
patients, particularly in cases of high-risk AML or relapsed disease.
HSCT can offer a chance for long-term remission and potential
cure, but it comes with its own set of risks and complications.

The patient developed bilateral retinal detachment, a rare but se-
rious complication in leukemic patients, often linked to leukemic
infiltration or hemorrhage. According to the updated Retina Soci-
ety Classification for proliferative vitreoretinopathy (PVR), retinal
changes are graded from A to CA/CP based on severity and
location. Grade A includes mild findings like vitreous haze, while
more advanced PVR is classified as posterior (CP) or anterior
(CA), depending on whether the proliferative changes and retinal
folds are located behind or in front of the equator [42]. Given the
risk of relapses and the potential for long-term ophthalmologic
complications such as retinal detachment, close and coordinated
follow-up is essential. The patient will require regular hematolog-
ical monitoring of visual outcomes and management of any late
sequelae of orbital involvement or treatment-related complications.

Although 15-year-olds may fall at the intersection of pediatric
and adult care, emerging evidence supports the use of pediatric
protocols for adolescents with AML. Studies have shown that
adolescents benefit more from pediatric AML protocols than adult
ones, with studies showing improved remission and survival rates
compared to those treated with adult protocols [27, 43]. The use of
the pediatric-based Tawam AML protocol, in this case, aligns with
current recommendations, especially given the favorable RUNX1-
RUNXIT1 cytogenetic profile. In this case, the patient’s clinical
condition and response to initial treatment would be critical in

determining the appropriate course of action. The development of
sepsis and septic shock, along with severe pancytopenia, indicates
a complex clinical scenario that may require intensive supportive
care in addition to disease-specific AML M2 targeting therapy.
Regular monitoring, including minimal residual disease assess-
ment, is crucial for evaluating treatment response and guiding
further therapeutic decisions.

4. Conclusions

This case report sheds light on the intricacies of diagnosing and
treating Acute Myeloid Leukemia (AML) in a pediatric patient
presenting with extramedullary involvement and bilateral prop-
tosis. Recognizing the specific AML subtype, such as RUNX1-
RUNXITI1 and CBFB-MYHI11-positive AML, is pivotal in pre-
dicting prognosis and tailoring the treatment strategy. Early and
precise diagnosis, coupled with a comprehensive multidisciplinary
approach to care, can significantly enhance the outcomes for pedi-
atric AML patients, positively impacting their overall well-being
and recovery.
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