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ABSTRACT

Title: Orbital Cellulitis

Autor: Shany Franses

Orbital cellulitis is a serious and possibly life-threatening disease, that affects the structures
located behind the orbital septum, including fat, the lacrimal gland, neovascular structures, and
extraocular muscles. Children are primarily affected, and if misdiagnosed or without the proper
treatment, it can lead to severe complications such as permanent visual loss, intracranial
complications, and even death.

The thesis explores the core elements of OC, including its etiology, clinical presentation,
diagnostic approaches, and therapy options. It emphasizes the distinct difficulties and
characteristics particular to pediatric instances, such as their evolving architecture and
underdeveloped immune systems, which make them more prone to orbital infections.

In addition, the thesis investigates the shifting microbial environment, specifically focusing on the
development of antibiotic-resistant strains such as methicillin-resistant Staphylococcus aureus
(MRSA). The modifications have increased the complexity of diagnosing and treating Orbital
Cellulitis, requiring a more comprehensive and tailored approach to healthcare.

The primary objective of this thesis is to raise awareness and thereby improve the understanding
of healthcare professionals about the significance of OC in children and the necessity of timely
identification and intervention. The goal is that by sharing knowledge and encouraging a deeper
understanding of the disorder, it will be possible to improve patient outcomes and reduce
morbidity and mortality associated with orbital cellulitis.

Keywords: Orbital Cellulitis, Pediatrics, Microbial Shifts, Early diagnosis, Multidisciplinary
Approach, Antibiotic Resistance, Vision loss, Intracranial complications.



SAZETAK

Naslov: Orbitalni celulitis
Autor: Shany Franses

Orbitalni celulitis (OC) je upalno stanje koje pogada strukture smjestene iza orbitalnog septuma.
Te strukture ukljuéuju masno tkivo, suznu Zlijezdu, neovaskularne strukture i ekstraokularne
miSi¢e. Ovo stanje prvenstveno pogada djecu, a ako se ne dijagnosticira ispravno ili bez
odgovarajuceg lije€enja, moze dovesti do ozbiljnih komplikacija kao $to su trajni gubitak vida,
intrakranijalne komplikacije, pa ¢ak i smrt. Ova bolest smatra ozbiljnom i opasnom po zZivot.

Diplomaski ad se fokusira na akutnu patologiju orbitalnog celulitisa i naglasava klju¢nu potrebu
za hitnim prepoznavanjem i intervencijom kako bi se smanijile fatalne posljedice bolesti. Nadalje,
u radu se posebno osvrée na primjetnu promjenu u bakterijskim uzro€nicima bolesti, sto je postao
izazov u lijeCenju bolesti u posljednjih nekoliko godina.

Rad istrazuje osnovne elemente orbitalnog celulitisa, ukljuCujuéi etiologiju, kliniCku sliku,
dijagnosticke pristupe i mogucnosti terapije. NaglaSava specificne poteskoce i karakteristike koje
su posebno povezane s pedijatrijskim slu¢ajevima, kao $to su njihova dob i nerazvijeni imunolo3ki
sustavi, 8to ih Cini sklonijima orbitalnim infekcijama.

Osim toga, rad istrazuje promjenjivo mikrobno okruzenje, s posebnim fokusom na razvoj sojeva
otpornih na antibiotike kao $to je meticilin-rezistentni Staphylococcus aureus (MRSA). Ove
promjene povecale su sloZzenost dijagnosticiranja i lije€enja orbitalnog celulitisa, zahtijevajuci
sveobuhvatniji i prilagodeniji pristup zdravstvenoj skrbi.

Primarni cilj ovog rada je podizanje svijesti i poboljSanje razumijevanja zdravstvenih djelatnika o
znacaju orbitalnog celulitisa kod djece i potrebi za pravovremenim prepoznavanjem i
intervencijom. Cilj je da se dijeljenjem znanja i poticanjem dubljeg razumijevanja poremecaja,
poboljSaju ishodi pacijenata i smanji morbiditet i mortalitet povezani s orbitalnim celulitisom.

Kljucne rijeci: Orbitalni celulitis, Pedijatrija, Mikrobne promjene, Rana dijagnoza, Multidisciplinarni
pristup, Otpornost na antibiotike, Gubitak vida, Intrakranijalne komplikacije.
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1. INTRODUCTION

1.1 BACKGROUND

Orbital cellulitis, a severe infection occurring behind the orbital septum in the orbit, has drawn my
attention due to its potential to cause considerable damage. This condition presents a significant
challenge, particularly among sensitive pediatric patients. Despite significant progress in medical
care, including the creation of life-saving medicines and enhancements in diagnostic imaging
methods, orbital cellulitis remains a critical and serious issue that requires early detection and
action to prevent severe outcomes.

My goal is to provide insight into the concerning change in the microbial population of orbital
cellulitis, which involves the appearance of bacteria that are resistant to antibiotics and the
increase in aggressive pathogens, such as community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA). The growing knowledge of this iliness has introduced further
complexity in its diagnosis and treatment, emphasizing the significance of increased awareness
and a thorough understanding of the disease progression, clinical manifestation, and appropriate
therapeutic strategies.

Early diagnosis and the immediate beginning of specific antimicrobial treatment are essential in
averting potentially severe complications, such as loss of vision, intracranial spread, and life-
threatening blood infection. Nevertheless, distinguishing orbital cellulitis from other conditions that
share similar symptoms, such as preseptal cellulitis or ocular malignancies, might provide a
diagnostic challenge.

In this thesis, | will highlight the multidisciplinary approach required to manage orbital cellulitis,
which necessitates the participation of ophthalmologists, otolaryngologists, infectious disease
experts, and, in certain instances, neurosurgeons. This serves as evidence of the complex nature
of this problem. Moreover, | will explore the difficulties presented by the increase in antibiotic
resistance and the possible requirement for surgical intervention in specific instances, which
further complicates the therapeutic approach.

My goal is to improve understanding and knowledge of orbital cellulitis by conducting a thorough
investigation into the condition, paying particular attention to the unique characteristics that
influence youngsters. This thesis aims to enhance patient outcomes and reduce morbidity and
mortality associated with orbital cellulitis by examining the epidemiology, etiology,
pathophysiology, clinical presentation, diagnostic procedures, and therapeutic techniques.



1.2 OBJECTIVES OF THE THESIS

The objective of this thesis is to provide an extensive and detailed examination of Pediatric Orbital
Cellulitis (POC), with a particular emphasis on the following aspects: Highlighting the distinct
anatomical features and specific difficulties associated with pediatric patients, which increase their
susceptibility to orbital infections. Healthcare professionals may improve their capacity to identify
and treat instances of Orbital Cellulitis in young individuals by understanding these attributes.

The thesis provides an evaluation of the changing patterns in microorganisms and the emergence
of bacteria that are resistant to antibiotics which has led to a greater level of complexity in the
diagnosis and treatment.

In addition, it includes a thorough examination of the signs and symptoms, differential diagnosis,
imaging techniques, laboratory examinations, antibiotic therapies, and surgical interventions, with
a focus on the importance of early identification and management to prevent potentially serious
consequences. Increasing healthcare providers' awareness of the importance of recognizing
pediatric orbital cellulitis and the necessity for timely and efficient treatment to improve patient
outcomes.

The thesis aims to provide healthcare professionals with the essential knowledge and resources
to successfully address the challenges arising from pediatric orbital cellulitis cases, hence leading
to improved patient outcomes and the prevention of severe adverse consequences.



2. ORBITAL ANATOMY

To better understand the pathogenesis, clinical manifestation, and complication of orbital cellulitis
it is important to be familiar with the basic orbital anatomy.

The orbital region is the area of the face containing the orbit, eyeball, upper and lower eyelid, and
lacrimal apparatus.

2.1 OVERVIEW OF ORBITAL ANATOMY

The orbits are bilateral bony cavities in the facial skeleton. They are cone-shaped structures with
their bases directed anterolaterally and their apices posteromedially.

The orbits and the anterior surrounding region serve to protect the eyeball and the associated
visual elements which include the eyelid, extra-ocular muscles, nerves and vessels, orbital fascia,
and mucous membrane (conjunctiva) lining the eyelid.

The orbit has a base, four walls, and an apex:

e The base: outlined by the orbital margin surrounding the orbital opening, it is reinforced to
protect orbital contents.

o Superior wall (Roof): formed by the orbital part of the frontal bone, separating the orbital
cavity from the anterior cranial fossa. Near the apex, it is formed by the lesser wing of the
sphenoid.

o Medial walls: Essentially parallel to one another, primarily formed by the orbital plate of the
ethmoid bone, frontal process of the maxilla, lacrimal, and sphenoid bones. The medial wall
is mostly paper-thin, the ethmoid bone is highly pneumatized with ethmoidal cells, visible
through the bone of a dried cranium.

e Inferior wall (Orbital Floor): mostly formed by the maxilla and partly by the zygomatic and
palatine bones. The thin inferior wall is shared with the maxillary sinus. The inferior orbital
fissure demarcated the inferior wall from the lateral wall.

o Lateral wall: consists of the frontal process of the zygomatic bone and the greater wing of
the sphenoid. It is the strongest and thickest wall. Its posterior part separates the orbit from
the temporal and middle cranial fossae. The lateral walls are nearly perpendicular to each
other.

e Apexis located at the optic canal in the lesser wing of the sphenoid, medial to the superior
orbital fissure.

The orbit is surrounded by the paranasal sinuses, the frontal sinus lying superior, ethmoid medial
and maxillary inferiorly. A characteristic common to all four orbital walls is the presence of a lot of
openings, canals, fissures, and so-called Zuckerkandle dehiscences, all of which enable easy
propagation of infection from paranasal sinuses to orbital space.

The orbit is lined with periorbita, the periosteum of the orbit, which is continuous at the optical
canal, superior orbital fissure, orbital margins, inferior fissure, orbital septa, extraocular muscles
fascial sheaths, and the orbital fascia that forms the fascial sheath of the eyeball. [1]
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2.2 UNIQUE FEATURES IN PEDIATRIC ORBITS

Pediatric patients are more prone to orbital infection, and one of the reasons is related to the
unique and developmental changes in their anatomy.

The sinuses surrounding the pediatric orbit (ex. Frontal and ethmoid sinuses) are not fully
developed, and incomplete pneumatization — paranasal sinuses still increase in volume.

In addition, pediatric bones are thinner, smaller, and differently shaped compared to adults.

The size and configuration undergo changes during growth and development, which are
significant. [2]

2.3 IMPLICATIONS FOR ORBITAL CELLULITIS

Orbital cellulitis in pediatric patients most commonly arises from bacterial infections of paranasal
sinuses.

One of the most common routes of orbital infection is from the ethmoid sinuses. The location of
the ethmoid sinuses has an important role in the spread of the infection, the ethmoid sinus is
separated from the orbit by the lamina papyracea (medial wall), a paper-thin layer, which contains
perforations of nerves and blood vessels.

Implications of pediatric orbital cellulitis are mainly due to the difference in the anatomical
structure from those in adults. Due to the incomplete development of sinuses and thinner bones,
there is a higher risk of spreading infection within the orbit.

In addition, the superior and inferior orbital veins which drain directly into the cavernous sinus and
have valveless characteristics can pass the infection from the orbit to the intracranial structure,
leading to severe complications.

11



3. EPIDEMIOLOGY

The epidemiology of OC has evolved significantly over time, before the 1940s, the mortality rates
were as high as 17% and about 20% of patients were experiencing vision loss. [3] [4] Due to
improved awareness, diagnosis, antibiotics, and breakthroughs in management procedures, the
rates decreased by the late twentieth century, with blindness rates ranging from 3-11% and
mortality rates reduced to 1-2.5%. [3] [5]

Orbital cellulitis is more prevalent in young children worldwide compared to adolescents and
adults, with the highest incidence in those under 15 years old, particularly around 6-7 years of
age. [6] [7] Children are more susceptible to infections due to their maturing immune system,
particularly the decreased generation of IgG antibodies between the ages of 1 and 5, this makes
them more vulnerable to encapsulated organisms such as Haemophilus influenza and
Streptococcus species. [6] [7] [8]

However, due to widespread immunization of Influenzas since 1990, the incidence of H. influenza
cause of cellulitis was reduced. [9] This contributes to the overall decline in orbital cellulitis cases.

[3] [5]

Complications of OC like spreading to the cavernous sinus or intracranial regions become rare
with an incidence rate of less than 1% (compared to the past — incidence of 10-20%) [3] [7] [10]

12



4. ETIOLOGY AND PATHOGENESIS OF ORBITAL CELLULITIS

Etiology of Orbital Cellulitis

The most frequent cause of pediatric orbital cellulitis (POC) is the direct spread of an infectious
process from nearby structures, especially the paranasal sinuses. Ethmoid sinusitis is the most
common cause of acute or chronic sinusitis, accounting for 60-80% of POC cases. [5] [11]
Children's infections can spread contiguously due to the valveless venous system and the thin
lamina papyracea that divides the orbit from the ethmoid sinus. [5]

Because of the extensive use of the Haemophilus influenzae type B (Hib) vaccine, the microbial
landscape of POC has experienced considerable alterations. [9] [12] Now, anaerobes,
Streptococcus species, and Staphylococcus aureus are the most prevalent infections in children.
[12] [13]

Pathogenesis of Orbital Cellulitis

POC pathogenesis is caused by a complicated interplay of mechanisms that enable bacteria to
infiltrate orbital tissues and evade the immune system that is still developing. [5] Although there
are usually no natural bacteria in children's orbital soft tissues, they are susceptible to possible
pathogens due to their proximity to the skin and sinuses. In order for the infection to occur all the
following are necessary, a break in the orbit's defenses, weakened immune systems, or the
presence of extremely aggressive bacteria that can get past the juvenile defenses [5] [14]

The direct spread of infection from the sinuses to the orbital tissues in infants is due to their
growing sinuses, congenital or acquired dehiscences in the bony partitions, and neurovascular
foramina. [5] [14] Furthermore, the valveless venous system that connects the orbit, nasal cavity,
and sinuses promotes the retrograde transfer of inflammatory agents and pathogens. [5]

Sinusitis leads to reduced secretions and impaired mucociliary clearance due to the blockage of
the sinus ostia. [5] Pathogenic bacteria proliferate in the altered microenvironment, characterized
by changes in pH and decreased oxygen levels. [5] [13] Bacteria are forced into the orbital tissues
through bony dehiscences or foramina as the iliness spreads within the sinuses. This mechanism
is especially important in the formation of subperiosteal abscesses in children. [14]

Some bacteria include virulence characteristics that make it easier for them to enter tissues and
get past a child's developing immune system. [12] [15] For instance, certain strains of
Staphylococcus aureus, such as community-acquired methicillin-resistant S. aureus (CA-MRSA),
produce toxins like Panton-Valentine leukocidin (PVL) that cause leukocyte destruction and tissue
necrosis. [12] [16] Other strains of Staphylococcus aureus also interfere with complement
activation and phagocytosis through their polysaccharide capsule. These virulence factors play a
role in the aggressiveness and quick spread of illnesses in children. [12]
Host factors also have a significant role in the pathophysiology of POC. [15] [12] Children who

13



have had surgery, acute trauma, or congenital deformities that alter their physical barriers are
more vulnerable to microbial invasion. Children are particularly vulnerable to infections due to
systemic diseases that weaken the immune system, such as diabetes mellitus, cancer, and
immunosuppressive medications. [12] [13]

When the infection only affects the skin, subcutaneous tissues, and eyelids in front of the orbital
septum, it is known as preseptal cellulitis. [5] On the other hand, bacteria that affect the intraconal
fat, extraocular muscles, and other intraorbital tissues cause orbital cellulitis, which arises when
they move posteriorly to the orbital septum. [5] Life-threatening intracranial problems can result
from further posterior dissemination through the optic canal or superior orbital fissure; in children,
these consequences may be more severe. [5] [14]

14



5. MICROBIAL TRENDS IN ORBITAL CELLULITIS

5.1 HISTORICAL MICROBIAL TRENDS

Before the discovery of antibiotics, pediatric orbital cellulitis was a fatal condition with high rates
of morbidity and death. [5] Studies conducted in the 1970s showed that Haemophilus influenzae
was the most frequently identified causal organism, particularly in young infants. [12] [15]
Significant pathogens in this population were also found to be Staphylococcus aureus and
Streptococcus pneumoniae. [15] Therapeutic approaches for juvenile orbital cellulitis changed
as new antibiotics were created. The cornerstones of treatment were penicillin and
chloramphenicol unless antibiotic resistance occurred. [5] Later, to give more protection against
gram-negative bacteria, especially H. influenzae, penicillinase-resistant penicillin, including
methicillin, was combined with aminoglycosides. Additional alternatives for broad-spectrum
coverage against both gram-positive and gram-negative bacteria were made available with the
release of second- and third-generation cephalosporins. [10] [17]

5.2 RECENT SHIFTS IN MICROBIAL POPULATIONS AND ANTIMICROBIAL
RESISTANCE PATTERNS

The development of vaccinations has had a major impact on the epidemiology of pediatric
orbital cellulitis in the past few years. Between 1989 and 1995, the frequency of invasive H.
influenzae disease in children has been remarkably reduced by 99% thanks to the H. influenzae
type B (Hib) vaccine, which was authorized in 1985. [9] Similarly , the incidence of S.
pneumoniae infections in children was dramatically reduced in 2000 with the introduction of the
pneumococcal conjugate vaccination (PCV-7). [18]

The microbial landscape of pediatric orbital cellulitis has changed as a result of these
immunizations. These days majority of prevalent causal organisms are Staphylococcus and
Streptococcus species. [13] [19]Methicillin-resistant S. aureus (MRSA) is one of these that is
becoming more and more common, which is cause for concern. 73% of S. aureus isolates in
juvenile orbital cellulitis were MRSA, according to research by McKinley et al. [19] This finding
emphasizes the necessity for antibiotic regimens that specifically target this resistant organism.

Furthermore, in pediatric ocular cellulitis instances, pathogenic bacteria such as the
Streptococcus anginosus group and group A B-hemolytic streptococcus (S. pyogenes) have
been seen to arise. These microorganisms exhibit several virulence factors, such as
hemolysins, leukocidins, staphylococcal enterotoxins, and exotoxins, which augment their
capacity to induce severe infections and elude host immune reactions. [16] As a results these
strains may cause more severe clinical presentations and possibly worse outcomes in children
who are afflicted.

15



5.3 IMPACT ON DIAGNOSIS AND TREATMENT

The diagnosis and management of pediatric ocular cellulitis are significantly impacted by the
evolving patterns of antibiotic resistance and microbial epidemiology. [17] [20] Guidelines suggest
using of broad-spectrum medicines in conjunction with non-beta-lactam antibiotics in places
where community-acquired MRSA (CA-MRSA) is highly prevalent. [20] The fact that these
recommendations aren't always followed, nevertheless, emphasizes the need for greater
knowledge and standardized antibiotic selection that takes local resistance tendencies into
account. [16]

The need for surgical intervention has changed as a result of the emergence of more pathogenic
bacteria like MRSA; younger children are now occasionally in need of surgery to treat advanced
infections. [12] [16] [21] For the best possible patient care, a multidisciplinary team including
pediatricians, otolaryngologists, ophthalmologists, and infectious disease specialists is essential.
[10] [15] This enables thorough assessment, suitable antibiotic treatment, and clinical response
tracking to identify issues early and direct surgical intervention, when necessary, timely imaging
is also crucial. Children with orbital cellulitis can have better results if their condition is understood
in light of these changes in microbiological epidemiology and multidisciplinary strategy is taken.
To guarantee that this vulnerable population receives adequate care, healthcare providers need
to be on the lookout and flexible. [10] [12] [15]
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6. CLINICAL PRESENTATION

6.1 SIGNS AND SYMPTOMS

Orbital cellulitis manifests with a range of symptoms that are indicative of an inflammatory and
infectious process occurring inside the orbit. Proptosis, decreased ocular motility, chemosis,
impaired vision, fever, swelling and redness of the eyelids are among the most prevalent and
noticeable symptoms. [5] [12]

Proptosis, also known as forward displacement of the eyeball, is caused by the enlargement of
the contents within the eye socket due to inflammation and swelling. These restrictions in ocular
mobility commonly occur when the extraocular muscles become irritated and limited. Patients
may report experiencing diplopia or pain when moving their eyes. [5] [22]

Chemosis, which refers to the edema of the conjunctiva, is an often-observed symptom. It occurs
because of the buildup of inflammatory fluid in the region under the conjunctiva. In extreme
instances, the chemosis might be sufficiently prominent to extend beyond the eyelids. [12]

OC can cause a reduction in visual acuity by multiple mechanisms, among which is compression
of the optic nerve, restricted blood flow to the retina (retinal ischemia), or damage to the cornea
due to excessive bulging of the eye (exposure keratopathy). An afferent pupillary defect may be
observed in some situations, which suggests a malfunction of the optic nerve [5] [23]

Fever is frequently observed in pediatric patients with orbital cellulitis, along with other systemic
symptoms. The eyelids frequently exhibit redness, swelling, and sensitivity when touched. During
the later stages, the skin may exhibit a tight and glossy appearance. [12] [15]

It is crucial to note that not all cases will exhibit every sign and symptom, and the severity can
vary depending on the patient's immune system and the degree of the infection. Infants and young
children, because of their poor communication skills, may be unable to articulate symptoms such
as pain or alterations in eyesight. Therefore, physicians must be cautious and use objective
indicators to identify any potential medical issues. [24]

Diminished visual clarity, paralysis of eye movement, protrusion of the eyeball, irregularities in the
size of the pupil, and impaired function of the optic nerve may indicate a more serious condition
and possible complications. This requires immediate imaging and proactive treatment. [5] [12]
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6.2 DIFFERENTIAL DIAGNOSIS

When diagnosing ocular cellulitis in pediatric, a wide differential diagnosis must be considered
because many illnesses might appear similarly. The most frequent substitute is a soft tissue
infection called preseptal cellulitis, which occurs in front of the orbital septum. Although preseptal
cellulitis can lead to eyelid swelling and redness, it often does not induce proptosis, chemosis, or
ocular dysfunctions such as reduced vision or motility.[5] [22]

An idiopathic orbital inflammatory condition, commonly referred to as orbital pseudotumor, is
another possible masquerader. This is a non-contagious inflammatory illness that can cause
sudden bulging of the eyes, swelling around the eyes, and insufficient eye motility. Nevertheless,
individuals diagnosed with ocular pseudotumor typically experience a relatively gradual
progression and show an immediate response to systemic corticosteroids. [25]

Neoplastic diseases, such as rhabdomyosarcoma, or leukemic infiltrates, can either mimic the
symptoms of ocular cellulitis or they can be the true cause of ocular cellulitis. Signs of a malignant
origin include a slow and gradual onset, absence of fever or leukocytosis, and lack of response
to antibiotic therapy. [26] [27]

Patients who were previously injured should have an assessment to see if their condition is due
to traumatic factors such as orbital hemorrhage or the presence of foreign bodies that have not
been removed.

Performing a comprehensive medical history, physical examination, and relevant imaging can
aid in distinguishing between these disorders and providing guidance for treatment.

6.3 IMPORTANCE OF EARLY DIAGNOSIS

Early identification and management of orbital cellulitis in children is crucial.

Inflammation and edema raise intraorbital pressure, which can compress optic nerves and cause
ischemia and irreversible vision loss. Compression of the central retinal artery or vein can lead to
retinal ischemia or infarction. Severe proptosis might lead to exposure and ulceration of the
cornea. [5] [23] [28] Of even greater concern are the intracranial complications such as cavernous
sinus thrombosis, which can be lethal if not addressed urgently.

Early detection of orbital cellulitis is essential as it allows for immediate administration of potent
intravenous antibiotics, which are vital for effective therapy. In certain circumstances, surgical
intervention may be necessary to drain abscesses or relieve pressure in the orbit. Delaying
treatment can result in long-term problems and poor results. [14]

Furthermore, early identification of orbital cellulitis is essential, especially when considering the
potential presence of rapidly developing orbital malignancies like rhabdomyosarcoma. It is
extremely important to differentiate between an infectious condition and a fast-advancing tumor.

Rhabdomyosarcoma, a cancerous tumor that arises from mesenchymal tissue, can exhibit
symptoms that resemble those of orbital cellulitis, including swelling of the eyelid, redness, and
protrusion of the eye [29]. In order to prevent misdiagnosis, healthcare professionals must
remain highly alert for neoplastic processes, particularly in cases with orbital cellulitis that do not
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improve with proper treatment or exhibit unusual characteristics. Advanced imaging techniques,
such as CT or MRI, can be used, guiding further treatment [29] [30] [31].

Other cancerous illnesses may mimic the symptoms of orbital cellulitis. Retinoblastoma, which
is the most prevalent primary cancer that occurs within the eye in children, has the potential to
spread to the orbit and produce symptoms that resemble orbital cellulitis. [29]. Hematologic
malignancies, including lymphoma and leukemia, can also affect the orbit and occasionally
manifest with acute symptoms that resemble orbital cellulitis [32]. In certain instances,
Langerhans cell histiocytosis, an uncommon condition defined by the aberrant growth of
Langerhans cells, has been observed to resemble preseptal cellulitis [33]. Pleomorphic
adenoma, a noncancerous growth of the lacrimal gland, may sometimes exhibit unusual
symptoms that resemble those of an infectious condition [34]. At last, it has been observed that
metastatic lesions from multiple systemic locations, including the colon, stomach, esophagus,
breast, and skin, can mimic ocular cellulitis [35] [36].
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/. DIAGNOSTIC APPROACHES

The combination of extensive medical history, comprehensive physical examination, and
conclusive imaging and laboratory studies enables clinicians to promptly diagnose orbital cellulitis
in children and initiate appropriate therapy to optimize outcomes in this potentially vision and life-
threatening condition.

7.1 IMAGING TECHNIQUES

Imaging is essential for identifying orbital cellulitis in young patients and evaluating possible
complications. Computed tomography (CT) is the preferred imaging technique due to its ability
to produce detailed images of the bones of the eye socket, paranasal sinuses, and other
structures. It is also easily accessible for urgent examinations [37] [38]. To gain the best
visualization of the level of orbital involvement, it is recommended to do contrast-enhanced CT
scans [37]. Common observations on orbital CT scans include forward displacement of the eye
(proptosis), widespread swelling of the soft tissues in front of the eye with inflammation of the fat
(preseptal soft tissue swelling with fat stranding), infiltration of fat within the cavity of the eye
(intraorbital fat infiltration), and expansion of the muscles which regulate eye movement
(extraocular muscle enlargement) [39].

Magnetic resonance imaging (MRI) is a very effective method for detecting inflammation in the
orbit and may be used in children to avoid radiation exposure, particularly if there is a suspicion
of an abnormality in the brain or if a contrast-enhanced CT scan is inconclusive [14] [40] [41].

On MRI an orbital abscess, a complication of OC, will be hypointense on T1 and hyperintense on
T2 weighted sequences with rim enhancement after contrast administration. Diffusion-weighted
imaging (DWI) can enhance the ability to distinguish between an abscess and a non-infectious
disease [42].

Ultrasonography is an effective alternative that can be conducted at the patient's bedside without
the use of radiation or sedation in pediatric cases. It has demonstrated efficacy in preseptal soft
tissue swelling and differentiating between inflammation of the orbit and an abscess that can be
drained [37] [43]. Nevertheless, ultrasonography has limitations when assessing the posterior part
of the orbit, intracranial complications related to OC, and possible sinus iliness [37] [43] [44].
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7.2 LABORATORY INVESTIGATIONS

Essential laboratory tests for diagnosing and treating pediatric orbital cellulitis include a complete
blood count (CBC), blood cultures, and cultures of any available pus samples. Supplemental tests
including CRP, ESR, and basic metabolic panel can offer valuable additional information to help
make informed decisions about managing the situation.

Laboratory investigations are crucial in the evaluation and management of pediatric patients who
are thought to have orbital cellulitis. It is recommended to get a CBC since there is a higher chance
of increased white blood cells (leukocytosis) in orbital cellulitis compared to preseptal cellulitis
[45]. It is advisable to perform blood cultures before starting intravenous antibiotic treatment for
ocular cellulitis, even if bacteremia is rarely detected [12].

If there is pus that can be easily collected, for example from a wound that is draining or by applying
pressure on the lacrimal sac, it is important to collect a sample of this discharge for culture.
Nevertheless, standard eye, nose, or throat cultures are typically unhelpful [45].

For patients who are having surgery to treat a subperiosteal or intraorbital abscess, it is important
to culture the abscess material. This allows for targeted antibiotic therapy based on the specific
pathogen(s) detected and their sensitivities [45].

When evaluating POC, it is important to consider additional laboratory tests such as C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) to measure inflammation. Additionally, a
basic metabolic panel should be conducted to check for any electrolyte abnormalities or kidney
problems that could affect the recommended dosage of antibiotics [45].
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8. TREATMENT STRATEGIES

Early adequate intervention is essential in the management of POC to avoid potentially severe
consequences such as visual impairment, intracranial extension, and even mortality. Often, a
multidisciplinary approach that includes specialists in ophthalmology, otolaryngology, and
infectious diseases is required. The primary components of treatment consist of administering
systemic antibiotics and performing surgical procedures in specific instances [5] [45]

8.1 ANTIBIOTIC THERAPIES

Antibiotic treatment is the fundamental aspect of managing POC. When selecting antibiotics, it is
important to consider the most probable causal organisms, which have changed over time.

The initial empiric therapy should be delivered intravenously and utilize a broad spectrum to
ensure sufficient penetration into the orbital tissues. Typical treatment plans often include
Vancomycin (to address MRSA) in combination with a third-generation cephalosporin like
ceftriaxone or cefotaxime (to address Streptococcus and other gram-negative bacteria). [10] [17]
Ampicillin-sulbactam or piperacillin-tazobactam are used to target both gram-positive and gram-
negative organisms, including certain anaerobes [10] [17]. An alternate regimen for penicillin-
allergic patients is the combination of clindamycin and a third-generation cephalosporin.

Empiric antibiotic selection can be tailored by considering local resistance trends and the patient's
age. It is worth noting that children under the age of 9 are less susceptible to polymicrobial or
anaerobic illnesses [11] [41] Upon obtaining culture and sensitivity data, antibiotic treatment
should be modified accordingly.

The duration of intravenous antibiotic therapy is contingent upon the severity of the infection and
the patient's reaction to treatment. Typically, intravenous antibiotics are administered until the
patient demonstrates clear signs of clinical improvement, which usually occurs within 3-5 days.
Afterward, patients are switched to oral antibiotics to complete a full treatment period of 2-3 weeks
[17] [46]

Furthermore, multiple authors suggest the utilization of topical antibiotics, such as nasal
decongestants and saline irrigation, with systemic antibiotics for cases related to sinusitis [10].
However, topical therapy's effectiveness is still debatable, and further investigation is required to
determine its efficacy [10].

It is essential to regularly observe patients while they are receiving antibiotics to detect any signs
of clinical worsening or lack of progress. These indicators may signal the necessity for surgical
intervention in case of abscess complications or a change in the type of antibiotics being used
[14] [11].
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8.2 SURGICAL INTERVENTIONS

Surgical intervention is essential for addressing instances with subperiosteal or intraorbital
abscesses, or cases that aren't responding enough to medical therapy alone. The decision to
proceed with surgery is determined by a variety of factors, such as the patient's age, results from
the clinical examination, and evidence from radiographic imaging that indicates the presence of
an abscess [11] [14].

The criteria for surgical intervention are as follows [11] [14] [45]:

The presence of an intraorbital abscess

Subperiosteal abscess in patients aged 9 years or older.

Frontal sinusitis

Rapidly advancing orbital symptoms despite suitable medical treatment

Visual acuity below 20/60 or any other indication of optic nerve impairment

Intracranial extension (refers to the expansion or spread of a condition or tumor within the
skull).

o0k wN=

However, individuals who are under the age of 9 and have a subperiosteal abscess placed in the
middle, without any visual impairment, and any involvement of the cerebral or frontal sinus, can
be treated medically with careful monitoring [11] [14] [47] [48].

The surgical technique performed is based on the specific site and magnitude of the abscess.
Possible choices encompass:

1. Endoscopic sinus surgery is a minimally invasive approach that is becoming more
commonly utilized to drain subperiosteal abscesses located medially. One advantage of
this technique is that it avoids the need for an external incision [49]. The procedure entails
surgically accessing the lamina papyracea and using an endoscope to remove the pus
from the abscess.

2. External ethmoidectomy is a surgical procedure used to treat subperiosteal abscesses
that cannot be drained via endoscopy. This method is specifically utilized for abscesses
that have a large expansion either superiorly or inferiorly [49] . The procedure entails
making an incision on the outside of the body, removing the lamina papyracea, and
draining the abscess.

3. Combined approach: Occasionally, it may be required to use both endoscopic and
external methods together to ensure sufficient drainage [38].

Following surgery, patients need to be closely monitored and receive intravenous antibiotics until
there is a clear improvement in their condition. The duration of postoperative antibiotics varies
depending on the severity of the iliness and the patient's reaction but usually lasts between 2 to
4 weeks [17] [45].

Recent research indicates that most subperiosteal abscesses in younger children can be treated
successfully with medical therapy alone. Surgical intervention should only be considered for cases
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that meet specified criteria [48]. This emphasizes the significance of careful patient selection for
surgical treatment.

8.3 CHALLENGES IN TREATMENT

A significant obstacle in the treatment of juvenile ocular cellulitis is the rise of antibiotic-resistant
bacteria, including methicillin-resistant Staphylococcus aureus (MRSA), which made it more
challenging to select appropriate empirical antibiotic treatment, and inadequate coverage may
result in treatment failures [13] [18] [19].

Another challenge that may arise is the possibility of severe complications, including the loss of
vision, the extension of the infection into the skull, and the potentially fatal condition of sepsis [5]
[45]. These problems can arise quickly and may not always be anticipated based on the initial
clinical presentation [11] [14]. Alert monitoring and a strong sense of suspicion are essential in
order to rapidly identify and address these issues.

Identifying the difference between preseptal and orbital cellulitis can be challenging in certain
situations, particularly when dealing with younger children who may not be willing to undergo a
thorough examination [44]. The differentiation between preseptal cellulitis and orbital cellulitis is
crucial, as preseptal cellulitis may typically be treated effectively with oral antibiotics alone,
whereas orbital cellulitis necessitates more intensive treatment [44].

Finally, treating POC usually requires a multidisciplinary strategy, which involves cooperation
among ophthalmologists, otolaryngologists, infectious disease experts, and occasionally
neurosurgeons [45]. Effective communication and collaboration among these professionals are
essential to optimize patient outcomes and can often be difficult.
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9. COMPLICATIONS AND PROGNOSIS

Complications

Pediatric orbital cellulitis is a severe infection that might result in various complications if not
properly recognized and treated. A frequently observed complication is the development of a
subperiosteal abscess (SPA), which arises in 9-28% of instances [50] [6, 62-65]. SPAs occur
when an infection spreads beyond the orbital septum and localizes between the periorbita and
the orbital wall, typically around the lamina papyracea of the ethmoid sinuses [51]. Individuals
suffering from SPAs have a deterioration in proptosis, displacement of the eyeball, reduced visual
acuity, and limited movement of the eye [52] [53]. The use of contrast-enhanced CT is essential
for the diagnosis of SPAs and for guiding in making management decisions [54]. Although tiny
SPAs located in the middle of the body in children under 9 years old may go away with non-
invasive therapy, larger abscesses or those that affect older children usually need to be drained
surgically [11] [14] [53].

Another significant consequence is the spread of the infection into the brain, which can happen
through the veins in the eye or by directly spreading through the thin bones of the eye socket [55].
These consequences, including cavernous sinus thrombosis, meningitis, brain abscess, and
epidural/subdural empyema, can be life-threatening [55]. These problems require immediate
identification and proactive intervention with intravenous antibiotics, surgical drainage, and
cautious neurosurgery monitoring [10] [55].

Orbital cellulitis can lead to vision impairment or permanent blindness due to various mechanisms,
such as compression of the optic nerve, inflammation of the optic nerve, reduced blood flow to
the retina, and exposure keratopathy. It is crucial to promptly start treatment and closely monitor
visual function to prevent permanent vision loss [12] [56].

If the infection becomes serious, it can spread throughout the body, causing sepsis and
malfunction in multiple organs [45]. This potentially fatal consequence involves intensive care
management and the use of broad-spectrum intravenous antibiotics [45]. Furthermore, the
infection may spread to the orbital bones, especially in cases of frontal sinusitis or severe,
prolonged infection that results in osteomyelitis [10]. If osteomyelitis is not treated well with
prolonged antibiotic therapy and surgical debridement, it can lead to bone damage, recurring
infections, and long-term complications [10].
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Prognosis

Improvements in antibiotic therapy and diagnostic imaging techniques have greatly improved the
prognosis for pediatric orbital cellulitis. Nevertheless, the result is still contingent upon other
important elements. Early diagnosis and prompt beginning of suitable treatment are essential in
reducing complications and enhancing prognosis [12] [45]. Typically, children under the age of 9
have a more favorable outlook and tend to react effectively to medical treatment without the need
for additional interventions [11] [14]. On the other hand, the prognosis can be negatively affected
by the occurrence of complications such as subperiosteal or intraorbital abscesses, cerebral
extension, or vision loss [12] [56] [43-46].

Infections caused by methicillin-resistant Staphylococcus aureus (MRSA) or other resistant
organisms might be more difficult to treat and may lead to a worse outcome [13] [18] [19].
Furthermore, individuals who have impaired immune systems or chronic medical conditions may
encounter a more severe progression of the illness and unfavorable results [45]. However, with
proper therapy, most children with orbital cellulitis have complete recovery without any long-term
complications. It is crucial to closely monitor and promptly intervene in case of difficulties to
achieve the best possible outcomes for patients.
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10. CONCLUSION

10.1 SUMMARY OF KEY FINDINGS

The thesis presents a comprehensive examination of Orbital Cellulitis in children, emphasizing its
potentially fatal characteristics and the distinct difficulties presented by the changing microbial
environment. Several notable points have emerged from this thorough review.

Pediatric patients are very susceptible to orbital infections because of their growing structure and
weakened immune systems. The risk of infection spreading to the orbital area is increased by
factors such as insufficient development of the paranasal sinuses, thinner bones, and
weaknesses in the bony partition. Furthermore, the lack of valves in the venous system that
connect the orbit, nasal cavity, and sinuses allows for the backward movement of inflammatory
substances and disease-causing microorganisms.

The presence of antibiotic-resistant bacteria, particularly methicillin-resistant Staphylococcus
aureus (MRSA), has significantly complicated the identification and management of Orbital
Cellulitis. These strong organisms frequently have enhanced virulence characteristics, allowing
them to evade the immune defenses of the host and induce more severe infections. Therefore,
healthcare practitioners must be alert and adapt antibiotic treatments according to local resistance
patterns and patient age to ensure sufficient coverage.

Timely identification of signs and symptoms of Orbital Cellulitis, such as bulging of the eye,
reduced eye movement, swelling of the conjunctiva, and poor vision, is crucial for starting
immediate therapy and preventing serious complications. Failure to promptly diagnose and
intervene can result in severe consequences, such as irreversible vision impairment, intracranial
problems like cavernous sinus thrombosis, meningitis, brain abscess, and even death.

The successful treatment of OC typically requires a collaborative approach combining several
medical specialists, such as ophthalmologists, otolaryngologists, and infectious disease
specialists. This combined approach enables an accurate evaluation, suitable choice of
antibiotics, potential surgical intervention, if necessary, and careful monitoring of the patient's
clinical progress.

Finally, it is essential to make a fast and precise diagnosis because OC might resemble other
disorders including orbital pseudotumor, malignancies (such as rhabdomyosarcoma or leukemic
infiltrates), or traumatic causes. Advanced imaging techniques such as computed tomography
(CT) and magnetic resonance imaging (MRI) are crucial in differentiating Orbital Cellulitis from
other possible diagnoses and effectively guiding treatment choices.

27



10.2 CALL TO ACTION FOR INCREASED AWARENESS

Given the complex difficulties described in this thesis, it is crucial to increase awareness and
understanding of orbital cellulitis among healthcare providers. Efficient education and training
initiatives should be put into action to spread up-to-date information about the changing microbial
epidemiology, patterns of antibiotic resistance, and the significant influence of pediatric orbital
architecture on the advancement of diseases.

Physicians must be cautious in suspecting orbital cellulitis and skilled in identifying its various
manifestations, especially in children who may have more inconspicuous signs. It is important to
seek early consultation with a team of experts from several medical fields, including
ophthalmologists, otolaryngologists, and infectious disease specialists. This will help in quickly
diagnosing the condition and coordinating the treatment plan together.

Furthermore, the professional care team must stay informed on the latest evidence-based
treatment protocols that are relevant to the region, these protocols should include the most up-to-
date antibiotic regimens, and surgical criteria, and take into consideration the regional trends in
antimicrobial resistance. Adopting standardized procedures can reduce treatment delays and
improve results in this possibly life-threatening illness.

For physicians to effectively address the changing challenges of orbital cellulitis, the medical
community must work together to increase awareness, improve understanding, and implement
coordinated, multidisciplinary strategies. By taking these measures, we can successfully
decrease the adverse effects on patients, prevent severe complications, and enhance the visual
and overall prognosis for children who suffer from OC.
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