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Abstract

:

Intraorbital and transorbital injuries are included in the group of head injuries with low frequency. In particular, such injuries rarely result in infectious processes in the brain parenchyma. This case presents a case where a 57-year-old man reported to the neurosurgery department that he had sustained an injury to the conjunctiva of the upper eyelid a month earlier. The patient was injured by a tree branch, which he removed on his own initiative. After persistent eye abduction palsy, an MRI was performed, which showed a compressive mass in the frontal lobe of the brain. A surgical procedure was indicated, which found a piece of twig 3 mm long inside the abscess. Surgical intervention and antibiotic therapy led to the complete recovery of the patient.
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1. Introduction


Incidents of head injuries that exhibit initial absences of apparent consequences are a common occurrence in clinical settings, necessitating the recognition of the potential gravity associated with even minor trauma. Baiden et al. [1] underscore the significant burden of head injuries, with motor vehicle accidents contributing to about 70% of cases. The anticipated yearly incidence exhibits variability, with estimates ranging from 64 to 75 million cases [2]. Intraorbital and transorbital injuries, although relatively uncommon, occur in the context of head injuries [3]. Despite their superficial nature, these injuries lacking ocular and bulbomotoric impairment may initially seem inconsequential, often failing to present symptoms indicative of deeper-seated damage. However, it is essential to consider the intricate anatomical features of the orbital walls, especially the delicate nature of the upper wall, making it vulnerable to penetration by low-pressure forces [3].



The precise identification and effective management of transorbital injuries necessitate a profound comprehension of the intricate orbital anatomy [4]. Transorbital injuries occur when foreign objects penetrate the eye and its surrounding structures, necessitating a comprehensive grasp of orbital anatomy for precise diagnosis and effective treatment. Transorbital injuries arise from the penetration of foreign objects into the eye and its surrounding structures, demanding a comprehensive understanding of orbital anatomy for accurate diagnosis and successful treatment. The orbit comprises a complex configuration of bones, muscles, nerves, blood vessels, and connective tissues, housing critical components, including the eyeball, extraocular muscles, lacrimal apparatus, and fat pads, all of which are susceptible to damage in cases of transorbital trauma [5].



The orbital region is composed of a bony framework comprising the frontal, ethmoid, sphenoid, lacrimal, zygomatic, and maxillary bones, providing crucial structural support and safeguarding the internal structures. A thorough understanding of the precise positions and inter-relationships of these bones aids in assessing fractures and potential routes for foreign object penetration into the orbit [6,7,8]. The extraocular muscles and their attachments enable intricate eye movements and are pivotal in maintaining visual function. Injuries to these muscles can result in impaired eye movement, double vision, and other visual disturbances. Knowledge of the anatomical pathways, innervation, and function of these muscles is imperative for evaluating the extent of muscle involvement and planning appropriate interventions. Neurovascular structures within the orbit, such as the optic nerve, ophthalmic artery, and their respective branches, are prone to damage from transorbital injuries. Familiarity with their anatomical course, relationships, and vascular supply is crucial for identifying potential vascular compromise or optic nerve injuries [9,10]. A comprehensive understanding of orbital anatomy enables the timely detection of injuries, facilitating prompt intervention to preserve visual function and prevent additional complications.



The following report elucidates a specific case of transorbital injury that subsequently led to the development of a frontal lobe abscess in the brain. This case highlights the significant implications of recognizing potential complications and long-term ramifications associated with transorbital injuries, even in the absence of immediate symptomatic neurological manifestations. In addition to presenting the case study, a comprehensive review of the medical literature was conducted to analyze documented cases of transorbital injuries resulting in the subsequent development of brain abscesses.




2. Case Description


A 57-year-old male patient was referred to the neurosurgery department by his family physician. The patient had suffered a fall from a crouching position around 27 days earlier, resulting in an injury to his right upper eyelid caused by a twig. He attempted to self-remove the twig, after which he started experiencing persistent headaches and restricted eye movement. Additionally, the patient reported experiencing persistent headaches and diplopia.



To investigate the underlying cause of the patient’s symptoms, magnetic resonance imaging (MRI) was performed using Siemens Magnetom Avanto 1.5 T in Erlangen, Germany. The MRI scan revealed a significant abnormality in the right frontal lobe, depicted in Figure 1a,b. Figure 1a displayed the presence of an abscess within the right frontal lobe. Additionally, periabscess edema and displacement of midline structures were evident, indicating compression of the surrounding tissue. Figure 1b illustrates the abscess attached to the orbital roof, and the trajectory of the injury from approximately one month earlier. The foreign body’s trajectory, which penetrated the upper part of the upper eyelid conjunctival region, followed a periosteal path along the orbital roof, ultimately reaching the posterior part of the orbital roof within the frontal lobe region, as shown in Figure 1c. An ophthalmologist confirmed the diagnosis of orbital cellulitis, as depicted in Figure 1d.



A comprehensive evaluation was performed, incorporating extensive laboratory tests and microbiological analyses, to investigate the presence of an active infection. Nevertheless, no evidence of infectious agents was detected. Based on the clinical findings, the progressive nature of the patient’s neurological symptoms, and the results of imaging studies, the neurosurgeon concluded that surgical intervention was warranted to address the underlying condition.



The surgical procedure was performed under general endotracheal anesthesia. Considering the size of the abscess, suspicion of a remaining portion of the twig, and the duration of symptoms, the neurosurgical team opted for the open aspiration and surgical excision of the abscess. The patient’s head was immobilized using a Marquet three-point fixation device, and the operative site underwent sterilization and isolation with sterile drapes. A bone flap was created in the right frontal region, and the dura mater was incised. A corticotomy was performed three centimeters from the sagittal line and five centimeters from the ciliary region. The surgeon proceeded with trajectory through the brain tissue, advancing in a forward and downward direction until reaching the site of the abscess (Figure 2a). The abscess cavity contained dense yellowish material and evidence of hematization of the lower wall. The abscess was carefully drained, and an irrigation solution containing ceftriaxone was used for thorough cleansing of the area. During the procedure, a three-millimeter wooden twig was discovered and subsequently removed from the abscess (Figure 2b).



Following the closure of the wound, which involved the placement of an epicranial drain to facilitate drainage and prevent fluid accumulation, the patient underwent monitoring in the intensive care unit. Microbiological analysis of the purulent contents obtained from the abscess did not reveal the presence of any specific bacterial pathogens. The patient’s treatment plan included a 5-week course of intravenous meropenem. After the removal of the epicranial drain and a thorough neurological examination, which yielded normal findings, the patient’s condition demonstrated significant improvement. Consequently, the patient’s condition was deemed stable and appropriate for discharge from the hospital. A postoperative MRI scan was conducted to evaluate the structural changes in the patient’s brain. The MRI images clearly revealed the presence of a well-defined cavity at the surgical site, indicating the successful removal of the abscess (Figure 3a,b). Significantly, no pathological features or abnormalities were observed in the surrounding cerebral tissue. To ensure comprehensive postoperative care and monitor the patient’s neurological status, regular follow-up examinations were scheduled at 6-month intervals, with assessments conducted by both a neurologist and a neurosurgeon. These evaluations consistently demonstrated the absence of pathological sequelae or adverse outcomes.




3. Discussion


A brain abscess is a localized inflammatory response within the brain parenchyma characterized by the formation of a purulent collection [11]. Although relatively uncommon, it represents a significant and potentially severe complication that can arise following a transorbital-penetrating intracranial injury (TOPI) [12]. It should be noted that brain abscesses can develop even several decades after the initial head injury, as evidenced by a case study conducted by Kuromi et al. [13].



The temporal and frontal lobe were frequently reported as the sites of brain abscesses resulting from transorbital injuries. Notably, cerebellar abscesses were observed in cases involving extensive injuries where foreign bodies extended even into the cerebellum [13,14]. These findings underscore the varied distribution of abscesses associated with transorbital injuries and the significance of evaluating multiple brain regions when assessing such cases.



When it comes to the sequence of infection development, in four cases, a primary inflammatory process was observed intraorbitally, which subsequently spread to the brain [15,16,17]. Additionally, it is evident that an infectious process can originate primarily in the brain parenchyma [3,18,19] or occur postoperatively following foreign body removal [20].



The typical clinical presentation of a brain abscess often involves a triad of symptoms: headache, fever, and focal neurological deficits, which occur in approximately 20% of cases [21]. These symptoms arise as a result of the compressive effect exerted by the accumulated purulent material. While the manifestations may lack specificity, they frequently reflect signs of increased intracranial pressure. Headaches, in particular, tend to be more severe during nighttime and upon awakening, often accompanied by nausea and vomiting. Approximately 25% of patients experience a delayed onset of symptoms and clinical signs [22].



Surgical intervention is indicated when the brain abscess exceeds 3 cm in diameter, leading to significant mass effect, or when it is in close proximity to the brain ventricles. Moreover, surgical treatment is recommended when patients exhibit neurological symptoms or when multilocular abscesses demonstrate progressive growth despite conservative management [23]. Our team chose the open surgical approach due to the size of the abscess. The decision to opt for an open procedure was made based on the careful evaluation and consideration of the specific characteristics and extent of the abscess. Furthermore, following the open surgical approach as described by Gadgil et al. [24], there is a notable reduction in the need for additional imaging, surgical interventions, and prolonged antibiotic therapy. This approach is particularly relevant in resource-limited settings, which is the case in Bosnia and Herzegovina, where the excision of brain abscesses assumes a crucial role in patient management while ensuring favorable outcomes [25,26,27]. The adoption of this surgical technique not only optimizes the utilization of limited resources but also emphasizes the importance of tailored approaches to patient care based on the available healthcare infrastructure [27].



Neuroimaging techniques, such as CT and MRI, play a pivotal role in the diagnosis, complementing the thorough evaluation of the patient’s medical history and physical examination. These imaging modalities serve as highly effective diagnostic tools for assessing the presence and characteristics of brain abscesses [28,29,30].



A comprehensive analysis of the existing literature revealed 12 documented cases of brain abscesses that developed subsequent to transorbital injuries. Among these thirteen cases, which include the one presented in this report, nine involved male individuals. The age range of the affected patients spanned from 1 to 57 years (Table 1).



Transorbital penetrating injuries (TOPIs) can occur in various circumstances [34], including accidents during hiking [3], traffic collisions [22,23], falls from heights [28], and instances of inattention [14,17,18,19,20,32,33]. Bamboo twigs have been frequently identified as the primary foreign bodies associated with TOPI, as observed in studies conducted by Kuromi et al. [13], Maruya et al. [3], and Amano et al. [14]. Additionally, wooden twigs [20,32,33], chopsticks [16,18], and pencils [15] have also been reported as common foreign objects in TOPI cases.



TOPI often results in the migration of foreign bodies from the upper eyelid into various orbital walls, posing a significant risk for the development of brain abscesses. Streptococcus anginosus and Staphylococcus aureus have been identified as the most commonly implicated bacteria in TOPI-associated brain abscesses, as reported by De Andres Crespo et al. [21]. However, it is noteworthy that the precise bacterial cause is frequently undetermined, despite purulent content sampling from the abscess. Streptococcus intermedius [16], Alpha-hemolytic Streptococcus [17], Enterobacter agglomerans [20], and Escherichia coli [14] have been isolated in some TOPI cases.



When considering the diagnostic process, laboratory findings, along with the patient’s medical history, can provide some assistance, but it is the radiological findings that hold crucial importance. Table 1 demonstrates that three out of thirteen subjects exhibited abnormal laboratory values, such as elevated white blood cell count, increased C-reactive protein levels, or accelerated sedimentation rate. However, CT findings serve as the primary diagnostic tool due to their accessibility and rapid assessment. Additionally, the analysis of cerebrospinal fluid can provide valuable diagnostic information [18]. Timely diagnosis and treatment are of paramount importance, as they significantly enhance the chances of survival, given that delayed diagnosis is associated with higher mortality rates [5].



The treatment approach for TOPI-induced brain abscesses involves a combination of surgical and conservative strategies. Among the thirteen cases reviewed, twelve required surgical intervention, commonly involving drainage and stereotaxic aspiration techniques. In cases with multiple fractures, an open surgical approach becomes necessary to address the complex nature of the injury [23]. The choice of conservative treatment varies depending on the specific case. Ceftriaxone has frequently been employed as the primary antimicrobial agent, either as monotherapy or in combination with other drugs such as metronidazole [17,32]. Additionally, vancomycin, amikacin, penicillin, ceftazidime, and fosfomycin have been utilized in various cases. The duration of antibiotic therapy ranges from 8 days to 6 weeks, depending on individual circumstances. In the present case, the intravenous administration of meropenem for a duration of five weeks was chosen, as it had demonstrated positive outcomes in previous research studies [35,36,37].




4. Conclusions


This study presents a comprehensive analysis of a unique case of transorbital injury resulting in the development of a frontal brain abscess. The therapeutic approach involved surgical intervention, including abscess debridement and the administration of intravenous meropenem, a broad-spectrum antibiotic. The distinctiveness of this case lies in the detailed description of the abscess attachment to the orbital roof and the trajectory of the injury, highlighting the potential consequences of such injuries due to anatomical configurations. The literature review conducted in this study enhances our understanding of the relationship between transorbital injuries and brain abscess formation. Importantly, this case contributes novel insights by emphasizing the need to recognize and address the potential complications and long-term implications associated with transorbital injuries, even in the absence of immediate symptomatic manifestations. The findings provide valuable information for healthcare professionals involved in the management of similar cases.
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Figure 1. Preoperative MRI; (a) axial T2W slice with abscess in right frontal lobe (red arrow) and perifocal edema (*); (b) sagittal T1W slice with attachment of abscess to roof of orbit (red arrow); (c) coronal T1W slice with position of brain abscess and roof penetration (red arrow); (d) coronal T1W slice with intraorbital infective process presence (red arrow). 
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Figure 2. Intraoperative findings; (a) abscess cavity; (b) the rest of the wooden twig. 
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Figure 3. Postoperative MRI; (a) axial T2 slice; (b) sagittal T2 slice. 
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Table 1. Summary of literature review.
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Reference

	
Patient Information

	
Foreign Body and Its Path

	
Abscess Occur




	
Y

	
G

	
Anamnestic Data






	
Maruya et al. [3]

	
56

	
F

	
TOPI while hiking on mountain

	
Bamboo grove (left upper eyelid)

	
2 weeks a.i.




	
Hiraishi et al. [31]

	
14

	
F

	
TOPI

	
Plastic chopstick

(left upper eyelid)

	
9 years a.i.




	
Kuromi et al. [13]

	
37

	
M

	
TOPI

	
Bamboo fragments

(trough cavernous sinus to FCP)

	
30 years a.i.




	
Abdulrazeq et al. [16]

	
40

	
TF

	
Superior, lateral, medial, and inferior orbital due

vehicle accident

	
None detected

	
2 months a.i.




	
Abdulbaki et al. [15]

	
5

	
M

	
TOPI due to fall

	
Pen (right upper eyelid to orbital roof)

	
4 or 5 days




	
Seider et al. [17]

	
1

	
M

	
Stabbed in right upper eyelid

	
Pen with graphite tip (right upper eyelid)

	
3 weeks a.i.




	
Aulino et al.

[19]

	
35

	
M

	
A blow to the left orbit with a billiard cue stick 16 years previous

	
Fiberglass or wood

	
16 days a.i.




	
Santoreneos et al. [20]

	
12

	
M

	
Orbito-cranial injury while riding a motorbike

	
Branch of tree

(right lower eyelid)

	
10 days a.i. postop




	
Rahman et al. [32]

	
30

	
M

	
TOPI due nail hammering

	
Nail (superior orbital fissure)

	
meningitis a.i.




	
Potapov et al. [33]

	
26

	
M

	
TOPI after motocycle crashed into tree

	
Branch of tree (medial orbital wall)

	
2 months a.i.




	
Di Roio et al. [18]

	
6

	
M

	
TOPI and closure of interventricular anastomosis 6 years before; Down syndrome

	
Chopstick (orbital roof)

	
10 days a.i.




	
Amano et al. [14]

	
7

	
M

	
TOPI after jumping from garage (2 m)

	
Bamboo grove (eyelid)

	
10 months a.i.




	
Bečulić et al. [This study]

	
57

	
M

	
TOPI

	
Wooden twig

	
1 month a.i.




	
Reference

	
Bacterial Cause

	
Laboratory

	
Radiological findings




	
Maruya et al. [3]

	
none isolated

	
WBC and CRP increased

	
CT: cerebral contusion and free bone fragments in temporal lobe)




	
Hiraishi et al. [31]

	
unknown a

	
Unknown a

	
CT: two ring-enhancing masses in right temporal lobe




	
Kuromi et al. [13]

	
unknown a

	
Unknown a

	
MRI: two ring-enhanced lesions in cerebellum




	
Abdulrazeq et al. [16]

	
Streptococcus intermedius

	
CRP and erythrocyte sedimentation rate elevated

	
MRI: right frontal heterogeneous collection




	
Abdulbaki et al. [15]

	
none isolated

	
w/o leukocytosis

	
CT: a bordered formation around metal tip of pen




	
Seider et al. [17]

	
Alpha-hemolytic streptococci

	
Nothing reported

	
CT: large extraconal multiloculated orbito-cerebral abscess




	
Aulino et al.

[19]

	
nothing reported

	
Unremarkable

	
MR: multilocular intraparenchymal abscesses in left temporal lobe




	
Santoreneos et al. [20]

	
Enterobacter agglomerans

(2 biotypes)

	
Nothing reported

	
Initial CT: fracture of medial orbital wall

2nd CT: a ring enhancing lesion of the right temporal lobe

3rd CT: slight decrease in size of the abscess




	
Rahman et al. [32]

	
nothing reported

	
Nothing reported

	
X-ray: bent nail in the orbit and middle cranial fossa

CT: nail lodged in orbital cavity and temporal lobe




	
Potapov et al. [33]

	
nothing reported

	
Nothing reported

	
CT: a bordered formation in right temporal lobe




	
Di Roio et al. [18]

	
nothing reported

	
WBC increased in blood and CSF with glycorrhachia

	
CT: hypodense mass occupying the left frontal lobe




	
Amano et al. [14]

	
Escherihia coli

	
Nothing reported

	
CT: cerebellar abscess




	
Bečulić et al. [This study]

	
none isolated

	
Unremarkable

	
MRI: expansive intracerebral process in the right frontal lobe




	
Reference

	
Treatment

	
Outcome




	
Antibiotics

	
Surgical




	
Maruya et al. [3]

	
5 days of oral antibiotics (unknown), 3 days of antibiotic (unknown) solution irrigation

	
Stereotaxic aspiration with drainage tube for antibiotic solution irrigation

	
Abscess reduction;

left eye had a slight lateral gaze limitation




	
Hiraishi et al. [31]

	
4-week course of antibiotics (unknown a)

	
Fronto-temporal decompressive craniectomy and stereotactic aspiration;

removal of foreign body

	
Discharged with slight hyposmia




	
Kuromi et al. [13]

	
Unknown a

	
Endoscopic aproach, drainage

	
Left blindness, oculomotor palsy, trigeminal nerve anesthesia, and ataxia




	
Abdulrazeq et al. [16]

	
Ceftriaxone for 6 weeks

	
Open surgery due multiple fractures

	
3 months after: oedema and abscess resolution




	
Abdulbaki et al. [15]

	
Vancomycin, ceftazidime, and metronidazole for 3 weeks

	
Transcutaneous upper eyelid surgery

	
2 months after: CT showed abscess resolution. Mild right eyelid ptosis.




	
Seider et al. [17]

	
Ceftriaxone and metronidazole for 6 weeks

	
Drainage through a frontal burr hole for 1 week

	
1 mm of right upper eyelid ptosis after 10 months




	
Aulino et al.

[19]

	
Nothing reported

	
Surgical excision

	
Full recovery




	
Santoreneos et al. [20]

	
Gentamicin (replaced by cefotaxime due to toxicity), penicillin and metronidazole

	
Elective extirpation of abscess cavity after 3rd CT

	
Full recovery




	
Rahman et al. [32]

	
Ceftriaxone and metronidazole

	
Craniotomy and early meningitis noticed

	
Right side blindness due eyeball penetration




	
Potapov et al. [33]

	
Cefotaxime, metronidazole and amikacin

	
Craniotomy, sphenoid bone resection, pus aspiration and irrigation (antiseptic solution)

	
Mucocele in frontal sinus 6 months later




	
Di Roio et al. [18]

	
Initially amoxicillin, then josamycin and cefaclor (10 days), due to worsening ceftriaxone, fosfomycin and metronidazole administred (4 weeks). At home: oral amoxicillin and clindamycin (4 weeks)

	
Abscess puncture

	
Abscess resolution 2 months after surgery




	
Amano et al. [14]

	
Systematic antibiotics administred (unknown)

	
None

	
Reduction in abscess




	
Bečulić et al. [This study]

	
Meropenem for 5 weeks

	
Abscess drainage

	
Full recovery








Legend: G—gender; Y—years; M—male; F—female; TF—transgender female; TOPI—transorbital penetrating injury; a.i.—after injury; a—limitation due to publication in Japanese language; FCP—posterior cranial fossa; WBC—white blood cells; CRP—C-reactive protein; CT—computed tomography; MRI—magnetic resonance imaging.
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