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REVIEW OF THE LITERATURE 

Introduction and definitions 

Penetrating orbital trauma in this dissertation refers to any injury caused by a low­

velocity, sharp (Le. small impact area) object that traverses or is suspected to have 

traversed the orbital space. In order for the object to traverse the orbit, the portion of the 

object behind the tip also generally needs to be thin. The point of entry may be the 

anterior surface of the eye, or any of the orbital walls. Low velocity sharp obj ects include 

hand-held objects (often used as weapons) or stationary sharp objects against which the 

person falls or is forced against. This excludes missile injuries from gunshot wounds and 

shrapnel. Sharp injuries where the force is dissipated over a long zone of contact viz. 

panga (cane-knife) or axe, are more akin to blunt injuries and are excluded. Also 

excluded are impalement injuries where the patient was moving at high speed. Although 

often visually devastating, superficial lacerations of the anterior globe, usually from a 

broken glass bottle, are also excluded. This selective definition is supported by many 

authors. The anatomical structure of the orbit, the nature of the trauma Le. low-velocity 

stab with a sharp object and the often minor external wound, with late onset of serious 

complications, supports the opinion that low-velocity penetrating orbital trauma should 

be regarded as a special category. I, 2(PpI2-I4) 

Literature overview 

The most comprehensive review on the subject to date is the book by van Duinen 

published 2000. He collated a total of 360 publications describing 347 cases. These 

include articles written as far back as 1818, German and French dissertations written in 

1904 and 1905 respectively and several other foreign language pUblications.2 

Unfortunately a few transoral and transnasal injuries are included in the data and the book 

lacks uniformity in its handling of the subject. Many of the percentages in van Duinen's 

review are quoted without the supporting raw data, and are therefore reproduced as such 

in this dissertation. On the whole however, it provides an excellent resource for the 

minutiae contained in practically unobtainable publications.3 There have been several 

additional case reports that were not recorded in van Duinen's book, or have been 
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published since his review was published.4-14 Amongst all these publications, the largest 

single series of transorbital stabs due to intentional trauma i.e. assault, and the largest 

involving knives was reported from the Departments of Neurosurgery and 

Ophthalmology at Groote Schuur Hospital in 1975. They initially described 10 cases of 

transorbital stab wounds that resulted in intracranial complications. IS, 16 De Villiers added 

6 cases to the previous series and presented them to The Society of British Neurological 

Surgeons in 1975.17 Kieck and De Villiers described a further 20 cases of orbital stab 

wounds as a subset of 109 patients who had suffered a vascular lesion as a result of 

transcranial stab wounds. 18 

Incidence and historical perspective 

Penetrating trauma to the eye was more common before the 19th century, when daggers or 

swords were often carried for self-defence and used as the primary weapon during staged 

conflicts between massed armies. Numerous accounts exist of various people, including 

royalty e.g. King Henry II of France, succumbing from orbital penetrating wounds.2(PP7. 

11),16 The earliest Biblical account is probably the blinding of Samson (Judges 16:21), an 

event vividly depicted in a Rembrandt oil painting.19 

Although a rare injury, the incidence of trauma to the orbit nowadays is frequently 

influenced by social, economic and cultural factors. In most first-world settings, the 

injury is accidental. Intentional trauma occurs where there is a high incidence of 

interpersonal violence, such as in South Africa.20 

Anatomical factors 

The orbit is pyramidal in shape, with an anterolateral quadrangular base situated at the 

orbital margin. The orbital roof is comprised of the orbital process of the frontal bone and 

the lesser wing of the sphenoid bone. It separates the orbital contents from the frontal 

lobe. The medial wall of the orbit comprises the ethmoid bone, the body of the sphenoid 

bone, the lacrimal bone and the frontal process of the maxillary bone. This paper-thin 

bone wall (lamina papyraceae) separates the orbital contents from the ethmoid sinus. The 

orbital floor is comprised of the orbital process of the zygomatic bone, maxillary bone 
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and part of the palatine bone; this separates the orbital contents from the maxillary sinus. 

The lateral orbital wall is comprised of the orbital process of the greater wing of 

sphenoid, zygomatic bone and the orbital process of the frontal bone. It is the thickest 

orbital wall and is not bordered by a paranasal sinus. The four orbital walls converge 

towards the posteromedially situated orbital apex. The orbital apex comprises the optic 

canal and superior orbital fissure. The optic canal is bounded by the components of the 

lesser wing of sphenoid bone and transmits the optic nerve and ophthalmic artery. The 

superior orbital fissure, situated lateral to the optic canal is formed from the greater and 

lesser wings of the sphenoid bone. The superior and inferior ophthalmic veins, as well as 

the 3rd, 4th and 6th cranial nerves pass through the superior orbital fissure. The inferior 

orbital fissure situated in the inferolateral portion of the posterior orbit is bounded by the 

lesser wing of the sphenoid bone, palatine bone, maxillary bone and zygomatic bone.21 

The orbit allows sharp pointed objects easy access to the brain via the superior orbital 

fissure, optic foramen or orbital roof; the latter especially in children. Depending on the 

length and direction of the penetration, almost any part of the brain can be reached in 

cadavers.2
(ppI5-19) Injury may occur to the globe; the orbital arteries and veins; the 2nd

, 3rd
, 

4th and 6th cranial nerves; and the extraocular muscles. The greater wing of sphenoid may 

direct the blade medially towards the orbital apex. Damage may occur to the cavernous 

sinus and the intracranial internal carotid artery if the knife penetrates the orbital apex. A 

knife passing through the superior orbital fissure may damage the temporal lobe. 

Children are particularly prone to carried objects penetrating the orbital roof and 

extending into the frontal lobe. 15, 16 As the lateral wall of the orbit is the thickest of the 

orbital walls and is aligned at 45° to the sagittal plane, a knife may follow this wall and 

damage the contralateral optic nerve, carotid artery, cavernous sinus and frontal or 

temporal lobes. 15, 16,22-25 

Demographics 

In a collated series of 315 cases with recorded ages, half of all those injured were 

younger than 16 years of age, and the highest incidence occurred between 1 and 13 years 

of age. This was felt to reflect the high incidence of accidental trauma in children who 
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fall onto a sharp object carried in their hands.2(PP23-2S, 96-102) Although intentional trauma 

often occurs in young males,l, 15, 16, 18 only 24% (84/347) cases reported by van Duinen 

were due to aggression. Males were injured 4 times more frequently than females; of the 

84 cases due to assault, 89% were males and 11 % females.2(Pp24-2s, 91-93) 

Even in cases without transorbital intracranial entry, penetrating eye injuries are 

commoner in males (80%) and often associated with alcohol (25%) and illicit drug (10%) 

use. The median age of patients that fell onto a recreational object was 5 years of age. A 

domestic fall onto a household object had a median age of 66 years of age. 26 

Mechanism of injury 

In the collated series of347 cases by van Duinen, 38% were due to falls, 33% due to 

accidents, 24% due to aggression, 2% due to attempted suicides and 3% unknown.2(p26) 

This review excluded some cases that were due to intentional assault 1,5,10, .11,14,27-31 and 

some that were accidental.32 

Historically, the deliberate surgical penetration of the superior orbital roof to perform a 

prefrontalleucotomy was first described in the mid-20th century.33,34 Moore et al 

described 2 deaths in their series of 102 patients who underwent transorbitalleucotomy.33 

Instrument 

In the total series of 347 cases recorded by van Duinen, the commonest objects involved 

were sticks (77), pencils (52), metal rods (49), umbrella tips (40), knives (33), pitchforks 

(17) and chopsticks (10). Numerous other items as varied as toothbrushes and a kangaroo 

tooth have also been described.2(pp20-22), 35 The knife and umbrella were the objects most 

frequently used in assault in 33% of cases. The mortality from umbrella stabs was four 

times higher than those due to a knife stabS.2(pp91, 103-104) In one large series of cranial 

stabs, 48% of patients did not know what object caused the stab. 1 
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Site and side of injury 

Although the site of entry may be anywhere around the orbit, most penetrating injuries 

enter the orbit through the soft anterior portion. Of stabs to the head, the orbit was the 2nd 

commonest site for a stab, after the parietal region. I Accidental injuries tend to occur 

equally in both eyes, although in one series of 347 cases the right orbit was more often 

involved than the left (right 50%, left 43%, unknown 7%)?(P2S) This, however, varied 

considerably when the cause for the injury was taken into account. In the 84 cases due to 

aggression, 70.5% were on the left and 29.5% on the right.2(P91) De Villiers and Sevel 

found in their series that orbital stabs occurred with almost equal frequency on the left or 

right side (six on left and four on the right). IS, 16 Another series recorded 165 left-sided 

stabs versus 84 right-sided stabs to the head. I As most assailants are expected to be right­

handed, when facing their victims assault injuries should usually involve the left orbit. 36 

Again, as most people are right-handed, most suicidal cases involve the ipsilateral (right) 

eye. Even in suicidal cases that have initially attempted to stab the contralateral eye, 

successful penetration ultimately occurs in the ipsilateral eye. 10,37 II\iuries that result from 

a fall onto an object held in the dominant hand are also more likely to involve the right 

eye.2(p94) 

The predominant site for injury within the orbit is the upper medial portion of the orbit. 

II\iury to the upper lid occurred in 45% of 284 cases, with the ratio of medial to lateral of 

3:l.2(p94) 

Mortality 

In the early literature, an almost 100% mortality followed this injury. In the period from 

1977 to 1997, van Duinen reported 129 cases with a 13% mortality?(P1l4) There are no 

data available to determine the number of people who die prior to reaching medical 

attention. Although referring to wartime high-velocity injuries, Webster et al reported 

12.5% mortality from penetrating orbitocranial injuries versus half that (6.4%) for 

penetrating cranial injuries not involving the orbit.38 Birch-Hirschfeld collected 169 cases 

from the literature and added 3 cases of his own, and found that of these, 20 died (11 due 

to meningitis, 6 due to internal carotid artery injury and 3 due to tetanus), while 125 
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suffered optic nerve injury.39 This German-language publication is not obtainable but has 

been cited by several independent sources.40-42 Three of 10 in the series with intracranial 

complications reported by de Villiers and Sevel died. 15, 16 Of note in this series is the 

observation that all those that died experienced gross disorganisation of the globe. In the 

expanded series, 5 of 16 patients died. Causes included one carotid artery thrombosis and 

4 massive intracerebral haemorrhages. 17 

In the series by van Duinen, the overall mortality from injury due to assault was 44% 

(37/84), compared with 24% (31/130) for the fall related group and 22% (25/114) for the 

accidental injury group. 2(pp92, 94, 101) An injury due to assault was found more likely to 

have a medial and horizontal direction and penetrate the posterior orbital roof, whereas an 

injury due to a fall was more likely to penetrate the anterior frontal lobe. While 

penetration via the posterior orbit, near to the cavernous sinus and internal carotid 

arteries, might be expected to have a higher mortality and morbidity, this is not supported 

by the finding that penetration via the superior orbital fissure (SOF) and orbital roof had 

mortalities of 15% (13/89) and 33% (49/149) respectively.2(PP.4I,43,1l4) Mortality was also 

4 times higher following umbrella (20/28) versus knife (5/28) stabs.2(PP9I, 103-104) 

In those victims where the knife was removed by the assailant, the outcome was worse 

than those with a retained knife at presentation. This difference was thought to be the 

result of added injury due to side-to-side movement during extraction of the blade.43 

Another described mechanism of death is the oculocardiac (or trigeminocardiac or 

blepharocardiac) reflex, which can cause cardiac arrhythmias (including ventricular 

tachycardia and asystole) after stimulation of the globe by direct pressure, orbital 

haematoma, intraocular injection or severe injury to the orbit. 27 

Pathology 

Low-velocity (e.g. stab) wounds to the brain differ from high-velocity (e.g. gunshot) 

wounds. Apart from direct lacerations of vital structures, stab wounds develop a limited 

area of haemorrhage and necrosis around the injury tract. Gunshots have extensive 
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surrounding necrosis due to the high kinetic and cavitating forces arising from the 

penetrating missile.44, 45 

Clinical presentation 

There is a wide range of clinical presentations. Rapid death may result from massive 

intracranial haemorrhage. Early presentation may be as a known stab wound, without or 

with a focal neurological deficit and/or depressed level of consciousness, or disruption of 

the outer skull table only identified during cleaning of a scalp wound. Delayed 

presentations include infective complications or carotico-cavemous fistulae. The latter 

will usually present with pulsatile proptosis and bruit. 16,36 Proptosis however may also 

follow haemorrhage within the orbit. IS, 16 

Some stab wounds may be clinically occult, such as in the fornix of the conjunctiva.46
, 47 

Chemosis or subconjunctival haemorrhage may mask the entrance wound. For this 

reason, any wound in the vicinity of the orbit should be viewed with suspicion.4o In the 

series reported by van Duinen, 14% did not have an eyelid injury; penetration must thus 

have occurred via the conjunctiva. In 49%, only a small (less than lcm) wound was 

found; in 16%, it was larger. The size was not recorded in 20% of cases, although a stab 

was present. 2(p48) 

Even though most injuries present within hours of the injury, a carotico-cavemous fistula 

typically has a delayed presentation - sometimes up to 2 years later. 15, 16,36 In the series 

reported by van Duinen, 16% of cases presented within the first 24 hours, 41 % presented 

between 1 and 14 days, 21.6% within 2 to 8 weeks, 10.3% in 2 to 8 months and 11.1 % at 

5 to 30 years.2(p49) 

The findings on physical examination are varied, and depend on the site of entry and 

track of the object. A full ophthalmological and neurological examination should be 

carried out on admission and repeated frequently. It has been suggested that a low­

velocity, thin object can displace the globe without causing disruption.23
,48 In van 
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Duinen's series, 74% of globes were intact.2(P53) A large, broad blade is however certain 

to cause injury to the globe. 15, 16 

Contralateral injuries to the neurovascular structures opposite to the stab site should be 
sought. 2(p46), 24, 49 

An interesting vascular mechanism has been proposed for a single case of a retained knife 

in the right infraorbital margin with a left (contralateral) inferonasal field defect. It was 

speculated that this was due to damage to the lateral chiasmal artery. This is a single 

nutrient artery supplying the superotemporal part of the intracranial optic nerve. 28 

Retained Blades and Foreign Bodies 

Not infrequently, the penetrating object breaks off or becomes lodged in the orbital 

region. In the series by van Duinen, 25% of cases had the penetrating object in-situ at 

presentation, in 44% the object had been removed, in 22% there were intraorbital and/or 

intracranial fragments while no details were available in 9%.2(p49) This is a high risk 

subgroup of patients. It is postulated that a retained blade indicates that the blade is more 

likely to have penetrated deeper into the brain and exposed more vessels to possible 

injury. Retained blades may also tamponade injured vessels, and the patient may then 

deteriorate following removal of the knife. In the series reported by Taylor and Peter, this 

situation occurred in 3 patients, 2 of whom died, of a group of 13 patients with retained 

cranial knife blades at presentation. All three presented with a GCS score of 15.50 

However, cases without adverse sequelae following blade removal have been 
described.30, 43, 51 

Bullock and van Dellen describe an unusual case of an acute carotico-cavemous fistula 

with a retained transorbital knife blade. 52 

One problem in identifying retained foreign objects is that retained non-opaque foreign 

objects may not be visible on X_rays.46 Computed Tomography, Magnetic Resonance 

Image or ultrasound scans may be needed for identification. 
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Intracranial injuries and complications 

Early intracerebral injuries and complications include: 

• Direct injury to the brain or cranial nerves 

• Vascular injuries involving both the arterial and venous structures, with risks of 

subarachnoid, subdural or extradural haemorrhage 

• Pneumocephalus 

• CSF fistulae 

• Infections such as meningitis, ventriculitis, tetanus and abscess formation 

• Seizures 

Late intracerebral injuries and complications include: 

• Late vascular injuries, such as CCF's and false aneurysms 

• Seizures 

• Persistent neurological deficits 

• Infective complications 2(pp80-90), 11,42 

Brain parenchymal and cranial nerve injury 

Direct injury to the brain is dependent on the site of the injury. This can vary from 

hemiplegia to change in personality?(pp80-81) 

Perorbital stabs are likely to cause damage to the 2nd
, 3rd

, 4th and 6th cranial nerves. As 

described above, a knife is more likely to be directed to the orbital apex where the optic 

nerve passes through the optic canal and the 3rd
, 4th and 6th cranial nerves traverse the 

cavernous sinus and superior orbital fissure.36 

Birch-Hirchfeld reviewed 172 cases, of whom 125 had optic nerve injury.39 In the series 

of de Villiers and Sevel, 6 patients had injury to the globe, of whom 4 lost sight in the 

injured eye. 15, 16 In van Duinen's series, optic nerve injuries occurred in 34% of surviving 

patients; in 11 % without damage to the other orbital cranial nerves.2(pp84-85) 
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Contralateral injury i.e. injury to the neurovascular structures opposite to the stab site has 

been described.22-24, 49 

Paranasal sinus involvement and pneumocephalus 

Penetration through the paranasal sinuses can lead to pneumocephalus.53 Conversely, 

pneumocephalus indicates a paranasal sinus injury and high risk for infection.2(p83) 

Injuries that breach a mucosal surface have a higher incidence of infection. 50 In the series 

by van Duinen, 17 patients of 347 developed pneumocephalus.2(p83) 

Cerebrospinal fluid fistulae 

Transient CSF leaks at the time of injury occur commonly. The development of a new 

CSF leak often (80%) settles spontaneously. Persistent CSF leaks however, need to be 

treated, as 25% of them are associated with meningitis.2(p83) 

Infective complications 

Any breach of the coverings of the brain poses a risk for infection. 54, 55 Transorbital stab 

wounds and those with retained blades have also been identified as high risk groups for 

both vascular and infective complications. 50 If meningitis is suspected, a lumbar puncture 

should be performed prior to commencement of antibiotics. In de Villiers' series, 

meningitis developed in 3 patients. All presented between 2 days to 2 weeks after the 

injury.16 In the series by van Duinen, 22% had infective complications (usually abscess); 

the commonest organism was Staphylococcus aureus.2
(p78) 

Prolonged sepsis may occur when an object is retained for a long period of time. Tetanus 

is commoner with penetrating injuries occurring in an agricultural environment, as these 

often involve wood fragments contaminated with Clostridium tetani. 15
, 16 Orbital gas 

gangrene has also been described.4o 

De Villiers and Sevel recommended prophylactic antibiotics. ls Taylor and Peter state that 

they do not routinely use prophylactic antibiotics in cases of penetrating wounds to the 
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head, and have not had a higher incidence of infection over a 10 year period. 50 These 

opposing viewpoints have been argued by many other authors.2
(pp7S-79) 

Seizures 

As with any brain injury, the patient is at risk for seizures acutely or chronically. 

Although anecdotally uncommon with penetrating head injuries, there are little reported 

data on this risk. 16 

Intracranial vascular injuries and complications 

Vascular complications include: 

• Direct or indirect vessel injury with acute bleeding 

• False aneurysm formation 

• Carotid artery injury leading to transection, occlusion, false aneurysm or 
CCF.2(pps7-90) 

Some authors state that vascular complications such as traumatic aneurysms and carotico­

cavernous fistulae are not common. The presentation may however occur days to weeks 

following orbital penetration and not be recorded.42 In some series, up to a third of 

penetrating stab wounds to the head had vascular complications. IS, 56 Vascular injury is 

also more common with perorbital rather than vault stabs. Perorbital stabs are likely to 

cause damage to cranial nerves II to VI, and the internal carotid artery (which is tethered 

in the cavernous sinUS).36 In the series by de Villiers and Sevel, 5 patients (50%) had 

carotid artery injuries (1 internal carotid artery occlusion, 2 carotid-cavernous fistulae and 

2 internal carotid artery false aneurysms). One false aneurysm was supraclinoid and one 

infraclinoid. IS, 16 This 50% risk was supported by the series on head stabs reported by 

Kieck and de Villiers. Of 20 that were stabbed in the orbit, 18 had an angiogram. Of 

these, 11 had a vascular injury - 4 carotico-cavernous fistulae, 3 false aneurysms, 1 

occlusion, 1 transection and 2 delayed vasospasm. This is in contrast to the 56 patients 

who had cranial stabs and angiography, with only 15 vascular lesions. IS In the series by 

van Duinen, 31 cases (9%) had a vascular injury -14 CCF's, 12 traumatic aneurysms and 

5 carotid artery occlusions.2(pS7) 
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Acute extraxial haemorrhagic collections 

Although acute subdural, extradural or subarachnoid haemorrhage would seem likely 

following transorbital stabs, there are only 2 case reports describing this type of vascular 

complication. In a patient with a switchblade knife injury to the left orbit, the knife 

passed through the lateral orbital wall, the globe and the ethmoid sinus and lodged with 

the tip in the right anterior frontal lobe, resulting in an acute right subdural haematoma. 

There were no neurological sequelae. 57 In a patient with a single transorbital retained 

knife blade that had penetrated a depth of Scm, a delayed subdural haematoma and brain 

abscess were reported. The blade was removed at surgery. 50 

False (traumatic) aneurysm 

Most cerebral artery false aneurysms occur as the result of missile injuries or motor 

vehicle accidents. Most following blunt trauma are peripheral in location. Traumatic 

aneurysms have been reported as uncommon following non-missile penetrating 

injuries.5S-60 Traumatic aneurysms of the carotid artery 15,16, IS,41,61 and of the anterior 

choroidal artery 62 following transorbital stabs are well described. 

In the series by Kieck and de Villiers, a total of 11 false aneurysms were identified. Of 

the 8 due a transcranial stab, 3 were peripherally located and S were at the base of the 

brain. Of the 3 false aneurysms due to a transorbital stab, all were located at the base of 

the brain. These had an almost double the rate of rupture when compared to those false 

aneurysms located peripherally (71 % vs. 43%). Most (88%) were detected within 3 

weeks of the injury. IS 

Although Du Trevou and Van Dellen reported 21 traumatic aneurysms and 49 penetrating 

orbital stab wounds in their large series of 330 patients who had sustained penetrating 

stab wounds to the head, there is no information in the article to allow further analysis of 

these data. They state that traumatic aneurysms may be identified within hours of the 

injury, and can rupture at any time after formation. When rupture occurs', the mortality is 

high. 1 
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The decrease in the use of angiography and the increased use of CT in the evaluation of 

penetrating head trauma may have resulted in an artificially reduced incidence of 

traumatic aneurysms. The CT scan will demonstrate the intracranial haematoma, but can 

miss the associated aneurysm. 59, 63 Aneurysms may therefore have a delayed presentation 

with intracranial haemorrhage.64 For penetrating head trauma, this delayed presentation 

has a significantly higher mortality (41 %) than when the aneurysms are detected at 

incidental angiography (16%).65 

Carotico-cavernous fistula 

The carotid artery is tethered within the cavernous sinus and is therefore prone to direct 

injury from a knife traversing this region via the medial SOF. This can result in a 

carotico-cavemous fistula. Of the 14 CCF cases in the van Duinen review, 4 died.2(PP89) 

Other cases have also been described.22, 66 

Orbital injuries and complications 

The orbital complications include: 

• Damage to the globe 

• Optic nerve damage 

• Injury to the 3rd, 4th, 5th (1 st division) and 6th cranial nerves.2(Pp84-87),36 

Imaging 

Imaging modalities and practises change rapidly. Although the initial investigation of 

orbital stabs could be a skull X-ray to exclude a retained object, the current definitive 

investigation should be a CT head to also exclude intracranial penetration.21 Prior to the 

advent of CT, clinical evaluation, skull radiography and angiography were used. 

Skull radiography 

Standard skull radiography could nonetheless be perfonned to identify retained objects 

and slot fractures. Further dedicated radiological views of the orbital structures could also 
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be performed to identify fractures in the orbital roof, optic canal and orbital fissure. ls 

Even detailed radiography may not demonstrate orbital fractures in 20 to 50% of cases.36, 

40 The other problem is that a retained foreign object may be translucent on 

radiography.46 In most cases this should be visible on CT. 

Computed Tomography (CT) 

The management of penetrating head trauma before the advent ~f CT scanning was 

predominantly surgical, without or with arteriography.IS Nowadays a CT scan of the head 

will almost invariably be performed in the acute setting. An initial CT scan can be used to 

assess the position of the blade or foreign body and any possible associated haematoma 

or intracranial air or sinus blood. Subarachnoid blood in the basal cisterns may assist in 

the interpretation of subsequent angiography.s2 Modem CT scanners limit metal artefact 

and the angle of the slices can be altered to further reduce metal artefact arsing from 

retained objects. so, S2 

Retained foreign bodies such as wood fragments can be identified on CT.12 However, dry 

wood may have an attenuation similar to air and fat, and be difficult to identify.67, 68 

Foreign bodies may sometimes only be demonstrated once further complications such as 

abscesses have developed. II Metallic foreign bodies are identified by their high 

attenuation and associated beam-hardening artefact.21 Removal of a retained foreign body 

under CT guidance has also been described. 13,69 

In cases with anterior base of skull CSF leakage, fine-slice coronal CT's of the anterior 

cranial fossa may delineate the exact site of injury prior to repair. Some authors suggest 

repeat CT scans at 1 month post-injury to exclude the development of insidious 

abscesses. S2 

Although many findings can be demonstrated on direct ophthalmological examination, 

CT is also able to identify injuries such as hyphaema (haemorrhage into aqueous 

humour), intravitreous haemorrhage, lens subluxation/dislocation, choroidal detachment, 

retinal detachment, globe disruption, orbital haemorrhage and optic nerve injury.21 
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Magnetic resonance imaging (MRI) 

MRI would not be the appropriate investigation at the initial presentation. An important 

reason for this is that the penetrating object may be metallic and could cause (further) 

injury to the globe within the involved orbit when subjected to the magnetic forces within 

the MRI room.21 

Indications for MRI include identification of foreign bodies not seen on CT and 

assessment of complications such as abscesses. II, 12 MRI is less sensitive than CT for the 

detection of wooden foreign bodies, but can be utilised if the CT examination is negative. 

Tl-weighted images provide the best contrast between wood and surrounding orbital 

fat.21 In cases where the penetrating object has already been removed at the time of 

presentation, an MRI may be more sensitive than CT to the presence of small amounts of 

blood products. In standard practice, fast spin-echo U-weighted sequences are generally 

used in preference to spin-echo U-weighted sequences due to their considerable time­

saving, despite their lesser sensitivity to blood products. A U*-weighted gradient echo 

sequence is more sensitive and may be required to demonstrate blood products. I4 There 

are no published reports on the use of Gadolinium-containing contrast agents in the 

identification of retained orbital foreign bodies. 

Angiography 

Angiography is required if the plain radiographs demonstrate that the knife may have 

traversed a vascular territory. 15, 43 This is especially so for all patients presenting with 

transorbital stabs, as there is then a high incidence of injuries to the internal carotid artery 

and proximal portions of the middle or anterior cerebral arteries.70 Another high risk 

group are those with a retained sharp object. 16, 43, 52 Removal of knives can be performed 

with the angiographic catheter still in situ in order to allow immediate angiography after 

removal of the knife. 52 Although post-removal angiography is not always performed, 43 

repeat angiography at 2 weeks can be performed to exclude late development of false 

aneurysms. 52 

24 



Using CT for initial assessment, indications for angiography now also include CT 

features added to the clinical presentation and slot fractures on skull x-ray. Features 

suggesting traumatic aneurysms include delayed neurological deterioration, presence of a 

large intracerebral haematoma following trivial trauma, unexplained major arterial 

bleeding during the surgical evacuation, unusual amounts or distributions of 

subarachnoid haemorrhage on initial CT and displaced skull fractures (especially if the 

location is basal).70 

With stabs to the head, Melvill et al have suggested that angiography should be 

performed at 7-10 days for maximal yield. If this demonstrates spasm, it should be 

repeated 7-10 days later. I8
, 71, 72 Unlike previous studies, none of their patients developed 

secondary haemorrhage from ruptured traumatic aneurysms. Vasospasm on initial 

.angiography was associated with high mortality, but no traumatic aneurysms were 

identified on repeat angiograms in survivors in this group. They suggest that although 

delayed development of aneurysms has been recorded following blunt injury, they appear 

to develop more rapidly following penetrating injury. They suggest that an angiogram 

should be performed soon after admission or after initial emergency surgery. Patients 

with vasospasm or a cut-off vessel on initial angiography should have a repeat study. 1 

Lumbar puncture 

It is worth noting the review comment by Schmidek that a lumbar puncture is still the 

most sensitive method of confirming subarachnoid blood and hence a breach of the dura 

mater?5 This investigation can also confirm meningitis. 16 

Management 

All cases who have had a stab to the head could have a skull radiograph performed. This 

may identify an indication for a CT scan such as ·a slot fracture, retained blade or 

pneumocephalus. All those patients that present with depressed levels of consciousness or 

neurological signs already have an indication for a CT head scan and may not undergo a 

skull radiograph in many centres. 
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Clinical assessment, skull radiographs and CT scans should determine whether 

immediate angiography is necessary.so Even if there is no neurological injury or 

intracranial vascular injury on CT, angiography is required if the plain radiographs or CT 

demonstrate that the knife may have traversed a vascular structure.43 

In the cases of a retained blade, there are several methods of removal. If there is a 

vascular injury, endovascular or surgical management should be considered prior to knife 

removal. If there is no injury, the knife can safely be removed under general anaesthetic 

in a controlled operating theatre environment. The knife can be removed by attaching a 

Vise-Grip pliers and knocking it out along the path of insertion with a mallet. so When 

removing an object with a serrated edge, pressure towards the non-serrated edge without 

alteration of the angle of pull is helpful.73 Knives can also be removed with an associated 

craniectomy around the impacted blade. Although post-removal angiography is not 

always performed, removal of the knife can be performed with the angiographic catheter 

still in situ to allow immediate angiography after removal of the knife.43, 52 An alternative 

is an immediate CT scan to assess for haemorrhage. so If a retained knife is identified 

incidentally and there are no features of sepsis, it is left in situ. If there are features of 

sepsis, it is removed.43 

Schmidek holds that in a unit with a high volume of cases, a selective approach is 

reasonable, but the doctor who only encounters an occasional case should adopt a more 

aggressive approach.2s 

The full 'range of neurosurgical approaches to the management of this problem is beyond 

the scope ofthls dissertation.2(pp71-77) 

Outcome 

In the series of 10 cases reported by de Villiers and Sevel, of the 7 survivors, only 3 

recovered fully; 2 had a visual deficit, 1 had a hemiparesis with visual deficit and 1 

remained an "akinetic mute" .15, 16 
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Five cases of transorbital penetrating injury with a normal outcome have been described. 

Jackson et al describe a switchblade knife injury to the left orbit where there were no 

neurological sequelae.57 Van Dellen and Lipschitz describe a single case who was 

stabbed through the right lateral orbital wall with the tip at the base of skull. Pre and post 

removal carotid angiography were normal. There were no sequelae.43 Hickman described 

a single case of a retained knife in the upper outer orbit. The knife traversed the lateral 

orbit, orbital floor, posterior wall of the maxillary sinus, pterygopalatine fossa with the tip 

anterior to the 4th cervical vertebra Angiography was normal and there were no 

sequelae.74 Nath et al describe a single case of a stab with a bread knife that entered at the 

right infraorbital margin, traversed the ethmoid sinus and crossed the midline at the level 

of the tuberculum sellae. There were no neurological or endocrine sequelae.73 Lichter et 

al report a case of a retained knife blade in the right orbit which was removed without 

sequelae. They performed preoperative CT and angiography and used antibiotic 

prophylaxis.31 

Van Duinen summarised the outcome of 129 cases for the period from 1977 to 1997. Of 

the 87% of survivors, neurological recovery occurred in 83%, 28% of whom were left 

with visual and/or cranial nerve disturbances. Severe injuries occurred in 12%, moderate 

injuries in 2% and 3% had an unknown outcome.2(p1l4) 

Even in cases of penetrating eye injury without transorbital intracranial penetration, a 

delay in presentation and alcohol use was associated with a poorer prognosis. 26 
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AIM 

The aim of this study is to perfonn a retrospective review of all cases of low-velocity 

non-missile penetrating orbital trauma with intracranial complications presenting at 

Groote Schuur Hospital over the 5 year period between 1997 and 2001. 

MEmOD 

Ethical approval was obtained from the Faculty of Health Sciences Research Ethics 

Committee at the University of Cape Town. Standard confidentiality regarding patient 

records was maintained throughout the study. This study was compliant with the World 

Medical Association Declaration of Helsinki on ethical principles for medical research 

involving human subjects.75 

The names of all patients who were recorded as having experienced penetrating orbital 

injury were retrieved from the discharge summaries in the Departments of Neurosurgery 

and Ophthalmology, Groote Schuur Hospital, in the 5 years between 1997 and 2001 

(inclusive). The patients folders, microfilms and radiology records were further reviewed 

to identify those patients who had a transorbital penetrating injury with evidence of 

intracranial complications. Some patients, such as one with a retained knife and another 

with carotid-cavernous fistula have been described before in the literature, and were 

included. 50, 66 All the data collected are presented in the Appendix. 

28 



RESULTS 

Demographics 

A total of 1245 orbital injuries were identified in the 5 year study period. In this group, 3 

had injuries to both eyes; 1 case presented with a repeat injury to the same eye on a 

separate occasion and 5 cases presented with an injury to the opposite eye on a separate 

occasion. Of these, 284 cases were excluded due to their assaults being by unidentified 

blunt objects, stones, bricks, feet, gunbutts, gunshots or wound rupture following 

previous surgery. Therefore of961 cases with potential intracranial complications, a total 

of 53 patients with non-missile transorbital intracranial penetrating injuries were 

extracted. There were 47 males and 6 females, with an age range from 17 to 57 years and 

a mean age of28 years (Table 1). 

Table 1: Age and gender distribution 

Instrument 

30~--------------------~ 

25 -1--------
20 -1------1 

• Female 

o Male 

The mechanism of injury was usually a stab with a knife (Table 2). 
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Table 2: Type 0/ instrument used 

Instrument Knife Screwdriver Other 

Number 48" 4· 19 

. . Nme of thiS group had a kmfi: retamed m the orbit at presentation. The remamder were deduced to be kmfe wounds from the history 

or examination findings 

"One had a screwdriver retained in the orbit at presentation. The remainder were from patient description 

f Gemsbok (a type ofaatelope) hom 

Side and site of injury 

The right eye was injured in 19 cases and the left eye in 34 cases. Differences in side of 

injury by gender are shown in Table 3. Information on the exact site of the orbital 

penetration was incomplete. The available data is shown in Tables 4, 5 and 6. From this 

data, injuries occurred more frequently in the superior and medial parts of the orbit. 

Table 3: Side o/injury according to gender 

4OT"""----------, 

CFemale 

• Male 
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Table 4: Specific quadrant of injury within orbit 

Right orbit Left orbit 

Medial/superior 1 (case 18) 4 (cases 13",21,22 and 24) 

Medial/inferior 0 2 (cases 13" and 43) 

Lateral/superior 2 (cases 6 and 19) 1 (case 2) 

Lateral/inferior 0 1 (case 48) 
· . Exact SIte of mJury not defined m 16 cases on the nght and 27 on the left 

, Case 13 involved both medial quadrants 

Table 5: Site of injury within orbit relative to the horizontal plane 

Right orbit" Left orbit" 

Medial 4 7 

Lateral 2 7 
• · . Exact SIte of mJury not defined m 13 cases on the nght and 20 cases on the left . 

Table 6: Site 'ofinjury within orbit relative to the vertical plane 

Right orbit" Left orbit" 

Superior 9 13 

Inferior 1 2 . · . Exact sIte of mJury not defined m 9 cases on the right and 19 on the left 

Retention of instrument at presentation. 

Total" 

11 

9 

Total" 

22 

3 

Total-

5 

2 

3 

1 

Of the instruments still in situ at presentation, 9 were knives and 1 was a screwdriver 

(Table 7). 
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Table 7: Retained instruments 

Right Left Total 

Retained 2" 8· 10 

Not retained 17 26 43 

One m medial OrbIt 

• One medial, 1 lateral, 3 superior and 1 inferiorly situated in orbit 

Delay prior to admission 

Those cases that presented late are shown in Table 8. Most of these cases presented with 

CCF's. The CCF's that did not fall into this group (cases 26, 28, 30, 50) had insufficient 

data for assessment and may well have presented late. Meningitis accounted for the 2nd 

largest group of those with delayed presentation to hospital. Those cases of meningitis 

that did not present late, all had a depressed level of consciousness (cases 9, 12, 14 and 

20). Case 20 also had intracranial haemorrhage at the time of the initial injury requiring 

urgent admission. In 2 cases with meningitis (cases 37 and 45), it was not possible to 

ascertain time from injury to admission. 

32 



Table 8: Delay prior to admission to hospital 

Delay before admission Pathology Case Number 

1 day Pneumocephalus, seizures 2 

1 day Meningitis 6 

1 day Pneumocephalus, NH, SAH, meningitis 8 

1 day CCF 15 

1 day Meningitis,ICH 43 

2 days" Meningitis 3 

5 days CCF 10 

1 week CCF 29,47 

8 days ICH 42 

2 weeks CCF 52 

27 days· Meningitis 44 

45 days CCF 1 

3 monthsT CCF 40 

4 months CCF 23 

3 years CCF 25 

4 years CCF 34 . Also adnlltted agam at 86 and 163 days 

• 
Seen originally at time of injury and discharged from hospital 

Injury to globe 

Globe injury, presence of an afferent papillary defect and/or ocular motility at admission 

are recorded in Table 9. In the 24 eyes that were blind at discharge or follow-up, the 

cause of blindness in 9 was significant direct globe injury and in 6 it was due to CCF (3 

together with globe injury, 2 without globe injury and I with insufficient data). Five were 

due to presumed optic nerve injury on the basis of clinical notes (cases 7, 16, 27, 32 and 

44 - none of whom had globe injury) and 4 from unknown causes (cases 6,18,21 and 

42). 
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Table 9: Globe injuries 

Globe injury No globe Insufficient 

present (n=16) injury (n=33) data (n=4) 

Visual acuity Normal - 7 -
Measurable 1 6 -
VA~/60) 

CF - 5 -
HM - 1 -
PL 2 1 -
NPL 13 10 1 

Not recorded - 3 3 

Afferent No defect 1 10 -
papillary RAPD 3 12 -
defect TAPD 7 4 -

Not recorded 5 7 4 

Ocular Normal 2 8 -
motility Decreased 1 9 -

None 6 8 -
Not recorded 7 8 4 

Neurological deficits at presentation 

Glasgow Coma Scale and presenting clinical features are listed in Table to. 
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Table 10: GCS relative to the clinical foatures at presentation. 

GCS Normal CCF Focal Isolated Meningitis Not 

Neurology depressed GCS recorded 

<13 0 1" 5" 3 3 0 

13-14 3 0 2 0 0 0 

15 2 11 5 0 12 2 

Not 0 2 1 0 0 2 

recorded 
• One case WIth a CCF also presented WIth focal neurology 

Injuries and complications 

There were 2 deaths (cases 8 and 36), both due to massive intracerebral haemorrhage. No 

complications were present in six cases. Of these, 3 had a retained knife (cases 24, 48 and 

49) and 3 had pneumocephalus (cases 19, 38 and 51). Seven people had no long-term 

sequelae. Fifteen cases had single complications. The remainder had several 

complications. These are correlated in Table 11. 

Table 11: Combinations of complication categories 

Vascular Visual Neurological Seizures Infective Death 

Vascular 6 17 7 3 5 2 

Visual 6 5 3 8 0 

Neurological 0 4 2 0 

Seizures 0 1 0 

Infective 2 1 

Death 0 
.. 

Note: The values In bold are cases that only developed one type of compliCation each. All other cells Indicate combinations of 

complications. 
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Of the 19 cases with pneumocephalus, only 6 developed meningitis. However, there were 

a further 7 cases of meningitis that were not associated with pneumocephalus. In this 

group without pneumocephalus, 1 did not involve a paranasal sinus (case 41), 2 involved 

a paranasal sinus (cases 20 and 44) and in 4 the data were insufficient. The relative risk 

ratio of meningitis following pneumocephalus was 32% (6/19) versus 21 % (7/34) without 

pneumocephalus. 

The vascular complications are shown in Table 12. The 2 commonest findings were 

intracerebral haematoma in the knife track and CCF. Intracerebral haemorrhage or visible 

knife tracks involved mainly the frontal (8) and temporal (9) lobes together or alone. 

There was also involvement of the parietal lobe (1), the basal ganglia (3) and the 

cerebellar regions (1). No data were obtainable in 3 cases. 

Eight CCF's were present on the right and 6 on the left. Vascular injuries associated with 

the CCF's included infarction (case 50), ICH (case 34), IVH (case 34) and SAH (cases 34 

and 50). All were treated with balloon embolisation, except for cases 29 and 50 who were 

discharged pending the arrival of the required embolisation equipment. No further follow 

up was available. 

All but one (case 5) of the 13 cases of SAH had associated intracranial vascular injury 

with ICH identified in 8 cases. 

Of the 6 cases with SDH, 4 were associated with ICH. The other two cases of SDH (cases 

6 and 44) were isolated findings. 

Intraventricular haemorrhage occurred in 5 cases, and in all but one case this was an 

extension from an adjacent ICH. The 2 deaths (cases 8 and 36) both had IVH. 

The 3 cases with infarction were associated with ICH (case 17), SAH (case 27) and CCF 

(case 50). 
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Two false aneurysms were identified (cases 4 and 16). Both these cases also had an ICH 

and one each had an IVH and SDH. 

Table 12: Vascular complications 

Vascular injury Number-

ICH 19 

CCF 14 

SAH 13 

SDH 6 

IVH 5 

Cerebral infarction 3 

False aneurysm 2 

Note that more than I pathology was Identified m IS cases 

There were 11 cases with persistent neurological deficits at time of discharge. These data 

are summarized in Table 13. All but one (case 3 with meningitis and aphasia) were 

associated with a vascular injury. Cases 13 (mild hemiplegia and aphasia), 21 (aphasia) 

and 51 (monoplegia) were evident at presentation, but resolved prior to discharge and 

were not included in this data subset. 

Table 13: Persistent neurological deficits present at time of discharge. 

Neurological deficit Number" 

Hemiplegia 7 

Speech .difficulties 3 

Mental impainnent 1 

Insufficient data 1 

Note that more than I pathology was Identified m case 13. 
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Antibiotic use 

Twenty-seven cases were given antibiotics. Thirteen of these had meningitis based on 

clinical and/or CSF findings. The other 14 received prophylactic antibiotics. No 

antibiotics were given in 18 cases. Three cases presented with very late onset CCF's and 

did not receive prophylactic antibiotics. Clinical information was inadequate in 5 cases. 

Anticonvulsant use 

Thirteen cases were given prophylactic phenytoin to prevent seizures. Five cases not 

given prophylactic anticonvulsants developed seizures and subsequently required 

phenytoin. These were case 2 (with pneumocephalus), case 16 (with meningitis, ICH, 

IVH and FA), case 18 (with ICH), case 35 (with retained knife) and case 46 (with SDH, 

ICH and pneumocephalus). Twenty-nine cases did not receive anticonvulsants. 

Insufficient data were recorded in 6 cases. 

Follow up after discharge 

One case died at admission (case 36) and another at 6 days (case 8). Of the 30 who did 

not return for follow-up, 11 were blind or had poor visual acuity at discharge, 11 were 

well despite complications following the injury, 4 had neurological deficits (1 case was 

also blind) and 4 had insufficient data for assessment. Of the 21 who returned for follow 

up, 16 returned within 9 months (mean of3Y2 months) and 5 at 16,27,36,42 and 60 

months respectively. 

Skull radiograph findings 

Table 14 lists the imaging findings on the skull radiographs. Of the 20 skull radiographs 

not available for review, 3 were considered to be normal and 2 would have shown· 

retained knives. 
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Table 14: Skull radiographflndings 

Finding Number
w 

Nonna!, unrelated or old pathology 15 (18)" 

Retained object 8 (10)" 

Pneumocephalus 5 

Fracture 5 

Sinus opacification 3 

Radiograph not available for assessment 20 (15)" 
. Note that more than I pathology was found on some radIographs 

• When reviewed with CT fmdings. 

The sensitivity of the skull radiograph for detecting findings is shown in Table 15. Where 

both a skull radiograph and CT were performed, the sensitivity for detection of a 

significant abnormal finding on skull radiograph was 40%. As certain findings such as 

intracranial haemorrhage would not be expected to be seen on skull radiographs, the 

adjusted sensitivity for skull radiographs was 66%. Retained objects are usually easily 

visible on a skull radiograph. If the contribution from retained objects is omitted 

however, the sensitivity for detection of a significant abnormal finding on skull 

radiograph falls to only 34%. 
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Table 15: Sensitivity o/skull radiographfindings compared to CT 

Finding Skull radiograph (no.); CT (no.); Sensitivity of skull 

radiograph (%) 

Normal 14 1 7 

Pneumocephalus 5 9 56 

Fracture 5 12 42 

Sinus opacification l' 5 20 

Retained object 7' 7 100 

Overall 40 
+, Only 31 patIents had both skull racitography and CT head perfonned. 1 case had combtned StnUS opacification and pneumocephalus. 

• In 1 case of meningitis (case 41), the skull radiograph and CT were both normal. The skull radiographs were expected to be normal 

in 13 cases as they would not have demonstrated pathology such as intracranial haemorrhage which would only be shown on CT. 

The only true missed finding was opacification of the sphenoid sinus (case 10). 

'Unable to compare 2 cases as the CT study did not include the area Qf interest. 

, In 5 of the 7 cases where both a skull radiograph and CT were performed, the knite was removed prior to CT, but would be expected 

to have been seen. Only 1 case of the 8 with a retained knife seen on skull radiograph did not have a CT performed. 

CT findings 

Table 16 lists the findings found on CT head and orbit scans. Of the 4 cases with 

completely normal findings, 3 had CCF's and 1 had meningitis. 
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Table 16: CT headfindings 

Finding Number-

Fracture 23 

Pneumocephalus 19 

Intra-axial collection (ICH), knife track and infarct 16 

Extra-axial collection (SAH, SDH, EDH) 15 

Sinus opacification 9 

Retained instrument 6 

CCF 5# 

Normal 4 

Abscess 1 

Data incomplete 4 

"Note that more than 1 atholo p gy was found on some cr i magmg studies 

"Five of the CCF's were diagnosed on cr and one on MRI. 

Table 17 compares the ability of CT to detect any vascular injury with that of 

angiography. Overall, CT has a sensitivity of 82% (95% CI 66-98%), but a specificity of 

53% (95% CI 28-79%) for the presence of vascular injury. Of the 10 cases ofCCF, only 

6 were detected by CT. The delays between CT and angiography in these 4 CT-false 

negative CCF cases were 3 days, 3 months and unknown in 2 cases. Of the 3 cases of 

false negative CCF, 1 had clinical features of CCF and 2 had incomplete data. In the 

remaining 9 cases that had a normal CT (for vascular injury), 1 demonstrated spasm of 

the ipsilateral ophthalmic artery and 8 were normal. 
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Table 17: Sensitivity and specificity of CT findings compared to angiography for the 

assessment of vascular injuries. 

Angiography Angiography Total 

Normal Abnormal 

CT normal (no vascular injury) 8 4 12 

CT abnormal (vascular injury present) 7 18 25 

Total 15 22 37 
Note: Only 3S patients had both aCT hcad and an angiogram pcrfonncd. Cases 14 and 16 had 2 anglograms cacho 

Angiography findings 

Table 181ists the angiography fmdings. One patient (case 16) with nonnal findings on 

angiography perfonned at 6 days had a false aneurysm demonstrated on follow-up 

angiography perfonned at 26 days. 

Table 18: Angiographyjindings 

Finding Number 

Nonnal 14 

CCF 14" 

Spasm 5 

Vascular structures deviated by collectionlbrain swelling 3 

False aneurysm 2 

Retained knife in close contact with vessel 2 

Incidental 1 

Not perfonned 13 

EIght 01\ nght, 6 on Icft 

• Posterior communicating artery aneurysm 

Delay to angiography 

Graph 1 lists the delays from time of admission to angiography. Of the 10 cases that had 

angiography at admission, 8 were for retained objects, 1 had a large ICH (case 13) and 1 
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had a large ICH and SOIl (case 46). Of the 2 retained objecl~ that were removed without 

prior angiography, one did not have an angiogram and one had angiography perfonned 

12 days after admission_ An anb>iogram wa~ not perfonned in 13 ca~e~ and no time 

interval data were available in 6 cases_ 

Graph 1 __ Delayji"om admission to anJ;iowaphy 
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DISCUSSION 

Study limitations and problems cncountered 

All th~ data obtained were retrospective and, lhererort:,limit~d by vmiollS difficulties in 

rdrospecliv~ studies ofthis narure, including incomplek pati~nl collection, in<Kkquate 

data and changes in the standard protocols of investigation and management. Any 

patients seen but not admitkd or who di~d prior to further intervention received a brief 

"discharge" summary, Those who were found not to have an intracnmial injury on CT 

were referred to Ophthalmology for management of the ocular injury. 'V1anagement 

protocols lor th~ trauma unit however dictated that any penetrating orbital injury could 

have been r~li::rred to on~ or both ol'!\eurosurgcry or Ophthalmology. Injurie, a,sess~d at 

primary care facilities and secondary hospitals would be assumed to have been referred to 

a tertiary centre, Children admitted to the separate tertiary care paediatric hospital in 

Cape Town. pati~nts dying prior to admission to hospital or aft~r oomission to hO>pilal 

but prior to neurosurgical or ophthalmologIcal a,s~,sm~nt are almost certainly und~r­

repres~nted due to data collection problems. 

Incidence 

Although only 53/961 (6%) of patients admitkd with penetrating orbital injury had 

intracranial injuries identified, this figure should be viewed in a broader context. These: 

data exclude children, patients that died prior to admissioo, those seen at the other krtiary 

referral c~ntr~ within Cape Town and injuries due to iirearrm, mach~k, or blunt assaults. 

As 1245 ca>es of orbital injury could he collected over a 5 year period at a single South 

African institution, this represents a staggering load of trauma in the community, Due to 

lack of a central trauma registry and other facton;, it is not possible to extrapolate the full 

extent of this impact on the country a~ a whole, 

Demographies 

In this series, 89% of cases occurred in males, with the median age being 28 year" This 

finding is flOt unexpected as trauma in general aff~ct, young males.!' 11. ]6, 18 In contrast, 
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almost half of all cases described in the literature have OCCUlTed between the uge of I and 

13 years?\PP2J-2J) 

Mechanism of injury 

This series of 53 cases is (he largest single series or non-missile lrunsorhital in(nlcraniul 

penetruting injuries due to assuul( (hat could he found_ Unlike other reports, where only 

24% (84/347) o!'injuries were due to assault, none orthe injuries in this stlKiy was due to 

a f;'11 in un elderly person or suicide.2(~26) Almost halrorall cases descrihed in the 

1i(endure have heen accidental injuries occurring between the age of I and 13 years. 2ipP23-

'" 

Instrument 

The intentional tmnmatic nature ofthe injury explains the nse of agb'Te,sive instruments 

such as knives and screwdriver.;, which were used in ull but one of the ca,e,. In this last 

injl1l}, a gemsbok horn wus presnmably the neurcst uyailable weapon to hand. 

Site and side of injury 

A total of 14 cases had lid injuries and 12 had ,kin wOlUld, visible arolUld the eye. 

Unfortunately. over half (27) of the cases h<ld insufficient d<l\;! concerning the eX<lct site 

of injury. The absence ofinforrnation precluded further assessment us (0 whether (he 

wound W<lS yisible at presentation. 

Althongh not as marked as in the li(erature, where 43 to 70.5% of assaults involved the 

left eye, 64% of inj uries in thi s study in\'olved the left eye. Most assailants are presumed 

to he right handed. J, 1(r11) There are no published datu to suggest th<lt the handedness in 

South Africa is different to the rest oftl\e world. 

In the hori~.ontal plane, even thongh there appears to be a predominant involvement of 

the medial (11/20) rather than bteral orhit, the lack of detailed data in 33 of 53 cases 

preclude, further meaningrul assessment. Likewise. the predominant involvement of the 

superior orbit (22i25), rather than the inferior orbit m<ly be spurious. Insufficient da\;! 
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(28/53) also prevents further analy8i8 as to whether the site of injury relates to the type of 

intra<;nmiaJ injury sustained. 

Retention of instrument at presentation 

A total of 19"/0 (10/53) of the instrument8 were retained in the skull at the time of 

presentation. 1 his is similar to dIe 25% reported in the literature. '(,",9) In this study, 3 of 

the 10 cases with a retained knife at presentation suffered no complications. This 

compares to 4 Old of 43 ~ases without a retained knif~ at pre8entation who suffered no 

further complications. lloth cases that died did not havc a retained knifc at presentation. 

This observation is supported by the literature, where those in whom the knifc was 

removed by the assailant did worse than those v,ith a retained knife at presentation. Thi8 

difference has been proposed to be the result of side-to-side m(wement ~au8ing injury 

during extraction of the blade.4) 

Delay prior to admission 

\108t of the cases that presented to hospital more than a day after the assault in dlis study 

had a carotico-cavemous fistula (9114). Carotico-caveroous fisrulae presented between I 

day and 4 years later. In four cases of carotico-CI!\emOUS fistula. insuflicient data were 

available to determine the delay. After CCF"8, the next most common cause of delayed 

presentntion WM meningitis (5/l6), occurring betvieen 1 to 27 days. This finding is 

similar to previous local publications. I '. J.\ 

Skull radiograph findings 

The skull radiograph alone had poor sensitivity for detecting intracranial injury. Even by 

excluding findings that would not be expected to be found on skull radiograph, the he8t 

sensitivity was 79"10 in those ~ases that had both skull radiographs and Cl"s pcrfoffiled. 

CT Imaging 

CT is an ac~unlte mean8 of identifying life-threatening complications such as SDII and 

EDH that require immediate management. The exact site of injury and the presence of 
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intracranial pt'ndration can be confidently detected on CT. The prescncc of 

pllClUlloccpbalus is a predictor offurtber complications such as meningitis. 

The overall sensitivity ofCT for detecting vascular injury when compared to angiography 

as the gold standard is 82% (range 66-98%), which is fCasonahle. However. the 

spt'dficity is only 53%. Three cases with nonnal CT head scans (i.e. without vascular 

injury) were found to have CCF's on angiography. Due to the incomplete data. it is 

difficult to assess the reason for this. The CCF may have developed dllIing th~ delay 

bctw~en the CT ;md angiogram. It is also not known whether th~se cases wOlild hav~ 

been detected clinically. 

A large b>TOUP of patients v,ith intra-axial and/or extra-axial haemorrhage seen on CT had 

nonnal angiography. Only 1 of 16 had a repeat angiography (18 days later) and this 

demonstrated a small ialse aneurysm that required neuro,urgical dipping (case 16). 

CT scan of the head witnollt intravenous iodinated contrast medium is lIseflll, bllt th~ 

high false negative rate of 18% for potentially serious injury is conceming. From the data 

pres~nted in this thesis, ,om~ fonn of angiography should be mandatory in th~ majority 

of patients. 

Angiograpby 

Conventional catheter ;mgiography is still considered the gold standard for detection of 

vascular injury due to its spatial resolution, although multi-slice CT is challenging this 

viev.'. A.ngiography has the advantage of offering fXltential therapy at th~ same time. 

especially in the case of CCF"s. 

In 15 ofthe cascs studied, the angiogram provided significant additional information 

compared to CT head scan. These were 9 cas~s ofretuin~d kniv~siscrewdriveN, 2 cases 

of false ;meurysms, 3 cases ofCCF's and one incidental posterior communicating artery 

aneurysm. The primary value of angiography lies in its ability to exclude significant 

vascular injury in the setting ofCT-detected intracranial haemorrhage. 
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lhe optimal time to perform and repeat angiography is not clear. Du Trevou and van 

Dellen in their study dealing primarily WiUI knife woWlds to the head in general. suggest 

that the angiogram should be performed as ooon as possible. In cases of vasospasm, it 

may be prudent to repeat UJe study at a later date. The need to perform repeat 

angiography following a normal study is unclear, but is probably not supported by their 

data 1 

Angiography sbould be performed in at least 2 conventional orthogonal planes. Tbis is 

probkmatic wben dealing with a retain&.! foreign body such as a knife ,,·bere the br~adth 

of the object may obscure tbe vessel in question. J\'on-standard projections may be 

required to display the minimum pro file of tbe ol:!jed "down the barrel"f'along the shaft" 

and "edge on" to the knife. Additional vie,,·s may be required to demonstrate the knife tip 

adequately. 

Multidetector CT scanners are lIOW becoming the norm in day-to-day practice and hav~ 

the ability to produce high quality angiographk images in a matter of minutes with 

intravenous contrast injections. Although they still lack the reoolution of conventional 

catheter angiography and sometimes suffer ti-om metal artifact, the availability of the 

modality mak~ s it at(ractiv~ for safe, easy and (if necessary) repeated assessment of 

potential vascular injur)' in tbese patients. 

Magnetic resonance imaging 

The role of MRI in this type oftrawna is very limited. The modality is not as widely 

available. is not as quick and is not as compatible with resuscitation equipment as is cr. 

It is also not able (J,l provide good visualization of bone struclllres.nl~re is also the risk 

of unkno"'"Il m~tallic objects within the orbit potentially causing blindness when they 

move under the influence of the ~Rl machine's magnetic field. As discussed previously, 

a role ill the detection of wooden foreign bodies after n~gativ~ CT ~xaminalion is 

possible. 
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In this study. one ease ofCCF demonstrated on 'vIRI would equally have been 

demonstrated with CT and/or angiography. 

Antibiotic usc 

Of the 48 ~ases with ~omplete ~hart data. 13 patients developed meningitis that was 

treat~d. 14 r~ceivcd prophylactic antibiotic~ and 1 R n:c~ived none. Although 10 cases of 

meningitis developed more than one day after admission, 3 had feature, suggestive of 

meningitis earlier and were pla~ed on antibiotic,. It i, not clear [rom thi: data whedl~r any 

of those on prophylactic antihioti~s developed meningitis and required a chanb'e of 

therapy. This subs~t sugg~sts that 28 cas~s did not ~eiv~ prophylactic antibiotics. Of 

these. 10 (36%) subsequently developed meningitis and required treatment. Ofdlese 10, 

6 had risk factors for developing meningitis (pneumocephalus and/or penetration of a 

paranasal sinus). I had no risk factor and in 3 details were insufficient. Even if risk 

fa~tors had been acted upon. the meningitis rate in those not on prophyla~tk antibiotics 

was 18%. 

Paranasal sinus involvement, pncumocephalus and infective 

complications 

Of the 19 cases with pneumoccphalus, only 6 developed meningitis; ease 14 dcveloped a 

fronrallohe absec5S. However, thcrc were a further 7 eases of meningitis that were not 

associatcd with pneumocephalus, In this group. one did not involve a paranasal sinus, 2 

involved a paranasal sinus and in 4 the re~ords were in~omplete. The ri,k of meningitis 

following the development of pncumoccphalus was 6/19 (32%). comparcd to 7/34 (21%) 

for those without pneumocephalus. If the cases with insufficient data are removed. the 

risk of meningitis following bread, of a mu~o<;al surfaee (pneumo~cphalus or paranasal 

,inllS involvement) is 38% (8/21) versus 4% (1/28) without a hn:ach. Even ifall the 

excluded cases involved a parana~al sinus or all did not the risk did not significantly 

alter, namely 48% versus 16% respectively. it can therefore be assumed that although the 

risk of developing meningitis is higher with pneumo~ephalu,. there is still a signifi~ant 

baseline risk. Prophylactk antibiotics may therefore be advisable. although there is no 

~on,ensus in the lilCraturc.2(F'I'lR-l~). 11, so 
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C ercbro.spinal fluid fistulae 

Orthc: 4 ,a~~ ",ith a ('SF ].:ak, nll had pne..mocephalus, 2 sc:ttled sPQlltaneousl)' and 2 

required unterior lTaniaJ ro:.:;a repair~ for jX'r~bl"nl l eak, Only I pr~,ent~d with 

meningitis. Two recein:d pruphyloctic antibiotics and one did not. The incidcnce of this 

c(lmplication is too low to muke JU<:l~linl!rul wmparbons ,\ilh publi .Jl~d figures. 

A nl ioonvuls llnt usage 

or the 47 ,a<lt'!S with '>ufficieTll dala, 5 r«eivo:d lhm1pemic anticon\'1Il!lal11S. 13 we lc 

gl\Cf1 proph}lactic anlicon\'u lsum~ l1fl1l29 did nut reedH'_ any. This 5uggesb thai 34 "er.' 

illll!a)!y nul given prophylactic ant iconvuJsan15, O l lilese, only 5 (15%) sub~uf:lltJy 

d<:H:I..,po:d s.:izur.:~ and required \n'U\nl(f1t. 

Seizu res 

Of the 5 cuses WiUl seizur.:s.. 2 (ca~es 1 R and 46) only devdoped them by J years aft er 

injUf)'. fkoth these ca.<;eS had ,ignificllm imtacnl!li~1 Y3~ubr injury_ O l~ to the 

incomplete fol1o .. ·up data. it is DOt possible to dt1ennine the lnJe ioc idatce of sd zurn 

foJlo'~i ng th i~ typo' ofinjwy. 

Vascular complications 

In II (OluJ of 70% (37153) of cast.'\. ~Dllle form of yusculur inj my was ~videl\t on illlllgillg. 

Most \'u~uJar inj lLfit.'\ were e\' i d~D1 on CT IUldlor angiography_ Th~ COlllmOn~s( findins.~ 

wer~ )('H 3nd ecl', '11Jis is higher thanlhe ~ppro)(imatdy 50% incidelK~ dncrit:..:d in the 

li ' ~rat ure .' l. '6. ,I 

'I he 6 cases of SOH and J3 orSAH in Ihis st ud~ arc 5ignifiCIWt, a<I there hu\'c on))' been 2 

prc\'iou~)y tk5Cf ibed . irni lar C3!;(' ft'PQI'IS.~'1 Thi ~ higher incidence i~ dlOUght '0 be a 

~oruequence oflbe grrnter U~ o r <:1' in e .. al uating tbcsc injuries. 
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Two false aneurysms w~re identified (cases 4 and 16). As 75% (40/53) of cases had an 

angiogram performed, this does nut ~xplain the low incidence (40/0) in comparison with 

previously published rates ofbetwe~n 15 and 20%.11, I", II Both cases occurred in the 

setting of intracranial haemorrhage initially demonstrated on CT. Both had an lCH and 

one each had an IVII and SOIl. Excluding one death, all but 2 cases of CT-detected 

intracranial haemorrhage had an angiogram pcrfonned. One false aneurysm was only 

detected on follow-up angiography. The reason for a repeat study after an initially normal 

investigation could not be determined from the patient notes.lt is the possible that some 

of the eCF cascs may have initially represCllted cavernous carotid false aneurysms that 

subs~quenUy ruptur~d, creating the fistula. This follows on the assumption that eCf' and 

traumatic false an~urysm are a continuum oflhe same arterial injury.76 

As discussed above. 8 of 14 cases ofCCF pres~nted more than 5 days following injury. 

The longest interval was 4 years. There were no deaths in th~ current series. although th~ 

outcome of2 potentially untreated cases is not kno"m. TIlis finding is similar tu previous 

local publications.2{pf'l), ]6, ]6 

The 3 cas~s of infarction w~r~ all associated " .. iUl permanent neurological deficit. 

Although intracerebral ha~morrhage or knife tracks have been reported on CT in previous 

publications, tll<:s~ wer~ not discussed in detail. As expected following orbital 

pc:netratiun, these involved mainly the frontal and temporal lobes in isolation or 

combination. Intraventricular haemorrhage uccurred in 5 cases and in all but one were an 

extension from an adjac~nt ICH. The 2 deaths (cases Rand 36) both had lVII, 

Neurological complications 

A total of32 cas~s had a normal (iCS of 15 at presentation. Of the:: 11 cases ""ith a 

significantly depressed level of consciousn~ ss with a (iCS less than 13/15 at presentation, 

nu dominant aetiology was discemable. 
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A total or 14 case:; had neurological ddicil al presentation. Three of these re~olved 

spontaneously. Of the remaining 11. all but one (case 3, meningitis and aphasia) were 

associated with va~cular injury. 

Orbital and visual complications 

There were no bilateral or contralateral injuries. One ca.~e (case 42) had a pre-existing 

blind eye due to a post-traumatic ca!<!mct and was therefore bilaterally blind rollowing 

the assault. A total of24 cases that involved eye~ were blind at discharge. Ten orthese 

were due to surgical evisceration. The commone:;t cause for a blind eye was di~ruption of 

the globe (9116) during the assault lollowed by carotico-ca,'ernous fistula (6114) and 

presumptive optic nerve injury (5/5). Optic nerve injury was presumed in ca~e~ where 

there was CT evidence or optic nerve disruption, or compromise by an adjacent bone 

fragment, or visllal acuity of NPL together with a TAPO, but no globe disruption. 

Of tile 33 cases without globe injury, 17 had an abnomlal visllal acuity (Cr, HM. PL or 

NPL). This was though to be due to varying degrees oI"le~ser (non-disruptive) injury to 

the globe and optic nerve. As the visual acuity was almost never assessed at discharge 

and lew patients relUmed l"ar ophthalmological follow-up. it is not known whether this 

findin g was transient or permanent. 

Morbidity 

Only 7 cases (13 ~"') had no comp1ication~. Eleven cases (21 %) had persistent 

neurolob~cal deficits. The involved eye was blinded in 45% of cases. As 57% 01' cases did 

not return lor l"allow-up, the true incide~ of morbidity and mortality lor thi~ study 

group is unknovom. 

Mortality 

There was only 4% (2/53) mortality in OJi, study. This is considerably lower than the 

13% (16/129) overall a\'erage and 44% (37/84) due to assault reported in the literature 

bem'een 1977 and 1997.2(Pp'l2. 11 <) Even previolls local studies from lhe same institution as 

this stlidy had mortalities of around 30%.l l.17 1t is dillicult to speculate on the reason for 
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thi~. It is as~umed that recognition oflhe injury and timeous transfer to hospital hav-e not 

changed significantly over the last 20 years. >"10rc rapid transfer might even result in 

more cases surviving long enough to reach hospital before expiring, whereas longer 

delays could result in deaths prior 10 ho~pital admission. The current investigation of 

suspected orbital injury invariably includes a CT head; this was not available 2 decades 

ago. This would be more ~ensitive to pneumocephalus than a skull radiograph. Also, 

other tindings such as subaradmoid blood and focal haemorrhage may not have been 

detected by clinical or angiographic means. However, assuming CT was not available, 

excluding cases that would have had a normal skull radiograph. having a normal clinical 

neurological examination or cerebral angiob'Tllphy (cases 2, 5. 7. 19. 38, 42, 51) docs not 

significantly alter the mortality rate. Improvements in management might account for the 

difference, with local experience in dealing ""ith these injuries possibly impro~ing 

outcomes. 

Follow up after discharge 

The overall follow-up rate following disehargc was only 43%. As might be expected, the 

only cases thaI returned for long-term follow up had significant residual morbidity_ 

SUMMARY 

Confirmation of published data 

This >iudy confirms that this type of injury is relatively uncommon, occurs 

predominantly in young males, involves mainly the left eye (often the upper and medial 

portions) and has sib'llifkant associated morbidity. Almost half the ca~es will be blinded 

in the alTected eye. Those that present with a retained object tend to have a better 

prognosis than those where the as<;ailant has already removed the penetrating instrument. 

Va<;cular injuries are common and arc strongly associated with both death and pennanent 

neurological deficit. Delayed presentations are usually brought about by the development 

ofCCF and meningitis. The association between paranasal sinus im-olvement, 

pneumocephalus and meningitis is reaffinned. 
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New data and suggestions raised by this study 

ACT orthe brain and orbits should be performed in all cases of confiffiled or suspected 

penetrating orhital trauma. A ~kull radiograph is of little value. All cases of retained 

ohjects, those with features of haemorrhage or CCl' on CT, features of intracranial 

penetration such as pneul11ocephalus, or neurological abnormality should undergo 

angiography. In the initial trawna setting. a cr angiogram might be quicker and easier to 

pcrfoffil in all cases and should he ahle to exclude significant arterial injury in place of or 

prior to conventional angiography. A conventional angiogram would be able to detect 

any false aneurysm missed on CT . In cases with Hsospasm, it may be pnldent to repeat 

the angiogram at a later date. 

Th" low"r mortalily in this sludy group "hen compared to olher series is difficult 10 

explain, but may he related 10 more effective diagnosis and recognition of complications 

using early CT inve~tigation. 

Approximately 36% of cases dJat did not receive initial prophylactic antibiotics and 15% 

not receiving prophylactic anticonVlllsants subsequently required them. Whether Ihis 

should alter management is speculative. 

Unanswered questions 

Comparisons bet,veen Cl angiography and convenlional angiography "ill he required 10 

detennine whether CT angiography is sufftciently sensitive to be used in preference to 

angiography in certain cases, or as a screening tool prior to further endo,·ascular 

management. 

Most of the CT investigations perfoffiled in this study concentrated on the brain rather 

than specifically the orbits. As \here i~ currently no proven treatment ror traumatic optic 

neuropath)·, the inclusion or dedicaled flne slices Ihrough the orbits 10 identiry other 

causes for visual impainnent such as compression from bone fragments appears to be of 

little value.)7 
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CO:'<l'CLUSIO~ 

All patients with a sl1spe~led transorbital injllJ) should ha,e a CT head performed tu 

assess lor intracranial injllJ) _ A skull radiograph is ofno value. Due to the high incidence 

of vas~lliar inj uries, a conventional angiogram should be performed in all cases of 

intracranial penetration. A CT angiogram may be of value in the initial selling to exclude 

a major va~cular injury. Prophylactic antibiotics and anticonvulsants may on'er oome 

protection. De~pitc adcquatc trcauncnt, the neurological and visual outcome for many of 

the~e patients i~ poor. 
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FIGtRFB OF REPRESENTATIVE CASES 

figure 1 (A): Cas~ 4.lInconlrasl~d a.\j~J CT br~in dCll1()nSlraling let! fmmallok knife 

track conwining aCUle baemorrhage (v,'hilC arrow) and a i r (single arrow). 
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Figure I (B): Ca<>e 4. Ld"t common ~arl.llid nngingram demonstrating small false 

aneurysm l!ri~in g from the A2 seb'1l1enl oflhe left anterior cerebral artery (white arrow). 
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Figure 2 (A): Case 23. Axial TI-weighted MRI demonstrating flow voids in dilated right 

superior ophthalmic vein (white arrow) consistent with a CCF. Previous left enudealion 

noted (single arrow). 
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Figure '2 (Bj: Cuse 23. Axial T2-wcighted MRI demonstrating flow voids in dil:.11ed 

cavC'muu~ sinuses (white arrows) con~;st~m with 3 ccr. Previous len enucle~ti(ln llIltcd 

(~ i n8Ie .mow). 
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Lgmc 2 (C): C.I$e 23. RighI \"encJraI ~k'O!rwn d~traling fbw into C CF (whi te 

uuow) via the right posterior communic<lting arter)". This is a usdhl ungiogI3phic 

tc-chnique to Jemon~trate the exact site orthe opening wl:en there is II high fkw rate 

fistula betwe<'n the imem:.11 carotid artery aNI cavernous ;UIUS. 
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Figure;; (A): COSO: 31. Axial CT ofilte brain "idwUI comra<;\ dcmoosualiDg 

subaraehnoid blood ('I>hile lIno") fi ll ing the prepontiIll' and ;nnbienl wing ciSl.-m. ... 
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Figll"" 3 (Rl: Case ) 1_ UntOlllr.!l;leU axid C r oflhc boon (bone ",i,d"w~l dcmoD~troting 

l~ melal SIR'ak tlfli/ilct (.~in81 .. II!T;)WS) sUlroundi- g the tip of I~_C n:taincl kn ift' ( .. M e 

arrow). 
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t'igLr: 3 (C): C~!,, ] 1 Letl common CllmliJ .mgiugr.lJJl in fmmalllnd hl1~1'11 ~I< "9. 1\0 

i 11ja::" pre~ell:. ~t ~le tht lcchniql)\l 10 demonstrate lhe :""'~ mmimal "iC\'ilblc ~lIrfllce 01 

the ·(taincG kni fe. 
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Figu-c' 3 (0): <.:asoe J I. Rig.hl ~ommon canr.j.j IIngiogram on fumal Lnd latmll vicw"," No 

injur:, pre:s.cnL NOI~ llle: m!lo:lien lIsed 10 rrlhimi.:e the <obscuring ~flecl of the rctair.oo 

knife. 
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~igure 3 (FJ: Cue 3, P',~h l ~Clt.::t);jll ~'Igiog:r..m in Intcr.l , nd Ii-onlal vicv.'s. No i'ljury 

prescnt NOlc Ibe TI:<;hniljue to ~t~'llstrJle the mir.unul \" ,,,,,..-w le liurr.'te n("lhe wtaillcd 

knile. 
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Figure 4 (A): Case 33. Axil'-! CT brain (bone \'iinJow) demonstre'.ing the knife track and 

fracture through th,~ ;ight posterolateral orbital ?dl (white arrow: •. 



Figure 4 (8): Case 33. Axial CT !Tab tkmonstra::I1g tr_e acute ri!!ht temporal lobe 

intraparenchymal haemorrhage (w:rite M:lJw) and llv~rl:ring right sl.lbdural haemorrhage 

(single arrows). Note also the maos cEed with midline shift to rh;: left (curved arrow). 
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Figure 5: Cas~ 38. A:<lal CT bmin (bone windows) demonstrating knif~ track (single 

arrows) through both dhmoid air sinuses, as well as a ti:actur~ involving the 

post~rola(eral wall of the left (contralateral) orbit (whit~ arrow). Further cranial slic~s 

demonstrated pneumocephalus. 
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Figure 6 (C): Casc 44. F'lllov.ir.g ,",xtra:tion ofknifc. Mor.lage of 3 coronal CT slice~ 

(from anterior to posterior) of the anterior crwiaJ fossu dennn~trating [he knife tra~k 

(white arrow). 
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figure 6 (D): e lse 4-1 . Axid (T 0=" th ')rbi ~'. Wll1\l1l51r<.tillg tr.e \x.n~ i'ragrr em (white 

WTllW) irnpillBi llg on l:'1C" ri~ In ')ptic TL"!'ve. '1 he right globe V>"a'. ;ntJ.ct. 



tiauro: 7: Ca.~~ 5 1_ ,\x ia] C 1 of Ih~ JI.nn d", \ "oU.>tmli ll( n 1:nsi"" 1"'''''l11occph:lJ:.n 

f 5ingl~ lllTOWS). 



REFERENCES 

1. Du Trevou MD, Van Dellen JR. Penetrating stab wounds to the brain: The timing L)r 

angi,)graphy in patients presenting ",ith the weapon already removed. Neurosurgery 

1992; 31 (S):905-912. 

2. Van Duinen MThA. The Iranwrhital intracranial penetraling injury: A review of the 

fjterarurefrom a neurosurgicall'iewpoint Dordrecht Kluwer Academic Publishers; 

2000. 

3. Kyle PM. The transorbital intracranial penetrating injnry. Br J OphthalmoI20{)(): 

84:1439. 

4. Stephenson Gc, Gibson RM. Fatal penetni.ting head injury during <I glIme of soccer. 

Injury 1992; 23(3): t 97-108. 

S. AI-Anazi A. Al-Lu",imi L "asser M. Transorbital penetrating craniocerebral injury 

by spectacle ann: suicidal attempts. Br J ,"ieurosurg 2003; 11(4):368-369. 

6. Chui M. de Tilly LN. Moulton R, Chui D. Suicidal stab wmad ",·jth a butter knife. 

CMAJ2002; 167(8):899. 

7. Di Roio C, Jourdan C, ML)ttolese C, CL)n\"ert J, Artru F. Cr..m.iLJCerebral injury 

resulting from transorbital stick penetratiL)n in children. Child Nerv Sysl 2000; 

16(8): 503-507. 

8. Rompen Je. Meek Mr, van Andel MY. A Cause Celebre: 'jbe Sl)-called "Ballpoint 

Murder". J Forensic Sci 2000: 4S(5): j 144-1147. 

9. Kitakami A. Kirikae M. Knroda K. Ogawa A. Transorbital-llanspetrosal penetrating 

cerebellar inj ury - case report. Neurol Med Chir (Tokyo) 19S9; 39(2):150-152. 

10. Lunetta P, Ohberg A, Sajantila A. Suicide by intr..lcerehc:llar ballpoint pen. Am J 

Foren\ic Med Palho/2002; 23(4):334-337. 

II. Maru~!a J, Yamamoto K. Wakai M, Kaneko U. Brain absccs ~ f,)Ilowing transorbital 

penetrating injnry due to bamboo fragments - case report. N~urol }.fed Chir (Tokyo) 

2002; 42(3):143-146 . 

12. Matsuyama T, Okuchi K, Kogami K. Haw M, Murao Y. Transorbital penetrating 

injury by a chopstick _. case teJXlrt. Neurof Med Chir (Tokya) 200 I; 41(7):345-348. 

74 



13. Fezza J, Wesley R. The importance ofCT scans in planning the removal of orbital­

frontal lobe foreign bodies. Ophthal Plast Reconstructr Surg 1999; 5:366-368. 

14. Uemura A, O'uchi T, Yashiro N. Usefulness of gradient-echo n*-weighted MR 

imaging in evaluation of transorbital penetrating cerebral injury. Clin Imaging 2001; 

25:163-166. 

15. De Villiers JC, Sevel D. Intracranial complications of transorbital stab wounds. Brit J 

Ophthalmol1975; 59:52-56 

16. De Villiers JC. Stab wounds of the brain and skull. In: Vinken PJ, Bruyn GW, 

Klawens HL, editors. Injuries of the brain and skull. Handbook of clinical neurology. 

Vol 23, Part 1. Amsterdam, Elsevier; 1975. p.477-503. 

17. De Villiers JC. Sixteen cases of transorbital stab wounds of the head. J Neurol 

Neurosurg Psychiatry 1975; 38:822. 

18. Kieck CF, De Villiers JC. Vascular lesions due to transcranial stab wounds. J 

Neurosurg 1984; 60:42-46. 

19. Rembrandt. The Blinding of Samson. Stlidelsches Kunstinstitut, Frankfurt. Web 

Gallery of Art. Available at: 

http://www.ibiblio.org/wm/paintlauthlrembrandtlI630/samson.jpg. Accessed 31 May 

2004. 

20. South African Police Services Crime Statistics. Available at: 

http://www.saps.gov.zal8%5Fcrimeinfo/200309/index.htm. Accessed 22 June 2004. 

21. Go JL, Vu VN, Lee KJ, Becker TS. Orbital trauma. Neuroimag Clin N Am 2002; 

12:311-324. 

22. McClure CC, Gardner WJ. Transorbital intracranial stab wounds. Cleveland Clin 

Quart 1949; 16:118-125. 

23. Gossman HH. Penetrating wound of the orbit. Br Med J 1967; 2:839. 

24. Davis GA, Holmes AD, Klug MV. Delayed presentation of transorbital intracranial 

pen. J Clin Neurosci 2000; 7(6):545-548. 

25. De Villiers JC, Grant AR. Stab wounds at the craniocervicaljunction. Neurosurgery 

1985; 17(6):930-936. 

26. Smith D, Wrenn K, Stack LB. The epidemiology and diagnosis of penetrating eye 

injuries. A cad Emerg Med2002; 9(3):209-213. 

75 



27. Lynch MJ, Parker P. Forensic aspects of ocular injury. Am J Forensic Med Pathol 

2000; 21(2):124-126. 

28. MacEwen CJ, Fullarton G. A penetrating orbitocranial stab wound. Br J Ophthalmol 

1986; 70:147-149. 

29. Prakash Rao G, Rao NS, Reddy PK. Technique of removal of an impacted sharp 

object in a penetrating head injury using the lever principle. British J Neurosurg 

1998; 12(6):569-571. 

30. Gfuleren E, Birinci H, Uysal OA, Eroglu L, Geary PM. Facial impaling on a scythe. 

Br J Plast Surg 2000; 53(3):267-268. 

31. Lichter H, Snir M, Segal K, Yassur Y. Penetrating orbitocranial knife injury. J 

Pediatr Ophthalmol Strabismus 1999; 36(1):44-46. 

32. Vaicys C, Hunt CD, Heary RF. Successful recovery after an orbitocranial injury. J 

Trauma 2000; 49(4):788. 

33. Freeman W. Transorbital lobotomy: A preliminary report of 10 cases. Med Ann DC 

1948; 17:257-268. 

34. Moore MT, Hill RI, Lutz WM. Transorbitalleucotomy in a state hospital program. 

JAMA 1951; 146:324-330. 

35. Beauchamp JO, Miller GP. Unusual orbital foreign body. Am J Ophthalmol1967; 

63:868. 

36. Handler LC, Corr PC, Davey NC, Wright MGE. Penetrating stab wounds of the 

cranium. [Poster] Radiological Society of North America 7th SCientific Assembly and 

Annual Meeting 1991 Chicago, U.S.A. 

37. Lasky JB, Epley KD, Karesh JW. Household objects as a cause of self-inflicted 

orbital apex syndrome. JTrauma 1997; 42(3):555-558. 

38. Webster JE, Schneider RC, Lofstrom JE. Observations upon management of 

orbitocranial wounds. J Neurosurg 1946; 3:329-336. 

39. Birch-Hirschfeld A. Die stichverletzungen der orbita. In: Graefe A, Saemisch T, 

editors. Handbuch der gesamten Augenheilkunde. Vol 9. Berlin, Springer; 1930. 

p.998-1004. 

40. Kjer P. Orbital and transorbital stab wounds. Arch Ophthalmol1954; 51:811-821. 

76 



41. Bulluck MN, Baker GS, Henderson JW. Injuries of the brain caused by penetrations 

of the orbit. Minn Med 1959; 42:1408-1413. 

42. Duffy GP, Bhandari YS. Intracranial complications following transorbital penetrating 

injuries, Br J Surg 1969; 56:685-688. 

43. Van Dellen JR, Lipschitz R. Stab wounds of the skull. Surg Neuro11978; 10:110-114. 

44. Herring CJ, Lumsden AB, Tindall SC. Transcranial stab wounds: a report of three 

cases and suggestions for management. Neurosurgery 1988; 23(5): 658-662. 

45. Campbell E, Kuhlenberg H. Mortal brain wounds: A pathologic study. J Neuropathol 

Exp Neuro11950; 9:139-140. 

46. Copper AC. Orbito-cranial stab wounds. Ophthalmologica (Basel) 1957; 134:366-

372. 

47. Guthkelch AN. Apparently trivial wounds of the eyelids with intracranial damage. 

BMJ 1960; 2: 842-844. 

48. Verbiest H. Neurochirurgische aspecten van orbito-craniele verwondingen in 

vredestijd. Ned T Geneesk 1954; 96:529-533. 

49. Orbay A~, Uysal OA, tyigiln 0, Erkan D, G1ildo~ F. Unusual penetrating 

faciocranial injury caused by a knife: a case report. J Craniomaxillofac Surg 1997; 

25:279-281. 

50. Taylor AG, Peter JC. Patients with retained transcranial knife blades: a high-risk 

group. J Neurosurg 1997; 87:512-515. 

51. Grobbelaar A, Knottenbelt JD. Retained blades in stab wounds of the face: is simple 

withdrawal safe? Injury 1990; 22(1 ):29-31. 

52. Bullock R, van Dellen JR. Acute carotid-cavernous fistula with retained knife blade 

after transorbital stab wound. Surg Neuro11985; 24:555-558. 

53. Bard LA. Pneumocephalus secondary to penetrating orbital wounds. Arch 

Ophthalmol1963; 70:232-235. 

54. Amano K, Kamano S. Cerebellar abscess due to penetrating orbital wound. J Comp 

Assist Tomogr 1982; 6:1163-1166. 

55. Bard LA, Jarrett WH. Intracranial complications of penetrating orbital injuries. Arch 

Ophtha/ 1964; 71:332-343. 

77 



56. Du Trevou M, Bulluck R, Teasdale E, Quin RO. False aneurysms of the carotid tree 

due to unsuspected penetrating injury of the head and neck. Injury 1991; 22:237-239. 

57. Jackson FE, Schonder AA, Cook RC, Wilcox JR, Whitely RH. Transorbital 

transcranial stab wound. JAMA 1971; 215(10):1649-1651. 

58. Acosta C, Williams PE Jr, Clark K. Traumatic aneurysms of the cerebral vessels. J 

Neurosurg 1972; 36:531-536. 

59. Parkinson D, West M. Traumatic intracranial aneurysms. J Neurosurg 1980; 52:11-

20. 

60. Sadar ES, Jane JA, Lewis LW et al. Traumatic aneurysms of the intracranial 

circulation. Surg Gynecol Obstet 1973; 137:59-67. 

61. Ooald HJ, Ronderos A. Traumatic perforation of the intracranial portion of the 

internal carotid artery with eleven day survival. J Neurosurg 1961; 18:401-404. 

62. Cressman MR, Hayes OJ. Traumatic aneurysm of the anterior choroidal artery. J 

Neurosurg 1966; 24:102-104. 

63. Handel SF, Perpetuo FOL, Handel CH. Subdural hematomas due to ruptured cerebral 

aneurysms: angiographic diagnosis and potential pitfall for CT. Am J Roentgenol 

1978; 130:507-509. 

64. Nathoo N, Navdi SS. Traumatic intracranial aneurysms following penetrating stab 

wounds to the head. Cent Afr J Med 1999; 45(8):213-217. 

65. Fleischer AS, Patton JM, Tindall OT. Cerebral aneurysms of traumatic origin. Surg 

Neuro11975; 4:233-239. 

66. Szkup P. Endovascular treatment of post-traumatic carotid-cavernous fistulae with 

latex detachable balloons. [dissertation]. Cape Town: Univ. Cape Town; 2002. 

67. Roberts CF, Leehey PJ ill. Intraorbital wood foreign body mimicking air at CT. 

Radiology 1992; 185:507. 

68. Specht CS, Varga ill, Jalali MM, et al. Orbitocranial wooden foreign body diagnosed 

by magnetic resonance imaging: Dry wood can be isodense with B;ir and orbital fat by 

computed tomography. Surv OphthalmoI1992;36:341. 

69. Oguz M, Aksungur EH, Atilla E, Altay M, Soyupak SK, tldan F. Orbitocranial 

penetration of a pencil: extraction under CT control. Eur J Radio11993; 17:85-97. 

78 



70. Roy R, Cooper PRo Penetrating injuries of the skull and brain. In: Vinken PJ, Bruyn 

GW, Klawens HL, editors. Head injury. Handbook of clinical neurology. Vol 57. 

Amsterdam, Elsevier; 1990. p.299-316. 

71. Melvill RL, De Villiers JC. Peripheral cerebral arterial aneurysms caused by stabbing. 

S Afr Med J 1977; 51:471. 

72. Haworth CS, De Villiers JC. Stab wounds to the temporal fossa. Neurosurgery 1988; 

23(4):431-435. 

73. Nath FP, Teasdale E, Mendelow AD. Penetrating injury of the tubercUlum sellae. 

Neurosurgery 1984; 14:598-600. 

74. Hickman DM. Benign sequelae of a transorbital stab wound: An unusual case report. 

Ann Plast Surg 1984; 12(3):279-283. 

75. World Medical Association Declaration of Helsinki on ethical principles for medical 

research involving human subjects 2000. Available at: 

http://www.wma.netle/policyIb3.htm. Accessed 31 May 2004. 

76. Phatouros CC, Meyers PM, Dowd CF, Halbach VV, Malek AM, Higashida RT. 

Carotid artery cavernous fistulas. Neurosurgery Clin NorthAm 2000; 11(1):67-84. 

77. McNab AA. Orbital and optic nerve trauma. World J Surg 2001; 25:1084-1088. 

79 



APPENDIX 

Demographics and basic data. 

Cue Age Sex Side Stab site IDstrumeDt RetalDed Delay before Patbology ComplieatioDs 
No. admissioD(s) 

IDdays 
uDleu stated 

I 36 M L Eye Knife No 0/45 LCCF Vascular, 
visual 

2 19 M L LatcraVupper Knife No I Pncumoccpbalus Seizures, 
ncuroloaical 

3 23 M L Medial Knife No 2/86/163 Meningitis, Infective, 
cantbus pneumoccpbaius neurological 

4 17 M L Lateral to Knife No 0 L ICH, L SDH, L Vascular 
lateral A2FA, 
cantbus pneumoccpbalus, 

SAH 
5 22 F L Supraorbital Knife No 0 SAH Visual 

6 25 M R Upper lateral Knife No I Meningitis, Infective, 
orbit pneumoccpbaius visual 

7 35 M R Eye/glabella Screwdriver No 0 R cut optic nerve, Visual 
pneumoccpbaius 

8 25 M L Lateral Knife No I Pneumoccpbalus Infective, 
vascular death 

9 35 M R Upper lateral Knife No 0 ICH, meningitis, Vascular, 
lid SAH infective, 

visual 
10 22 F R Upper lid Knife No 015 LCCF Vascular, 

visual 
11 23 M L Upper lid Knife No 0 CSFIcak, Visual 

?pneumoccpbalus 
12 27 M L Eye Knife No 0 IVH, ICH(L Infective, 

temporal pole), visual 
mcninaitis 

13 28 M L Medial upper Knife No 0 ICH (L frontal) Vascular 
+ lower lid 

14 20 M R Eye Knife Yes 0 Pneumoccpbalus, Infective, 
abscess (R frontal) visual 

15 35 M R Lid Knife No I CCF Vascular 

16 32 M L Lateral lid Knife No 0 FA, meningitis, Infective, 
ICH, IVH, SAH vascular, 

visual, 
neurological, 
seizures 

17 32 M L . Knife Yes 0 Retained, infarct, Vascular, 
ICH neurolc>gical 

18 57 M R Medial Knife No 0 ICH (R temporal Vascular, 
cYebrow pole),SAH seizures 

19 26 M L Lateral Knife No 0 Pncumoccphalus None 

20 23 M L Upper lid Knife No 0 ICH (L frontal), Vascular, 
meningitis infective 

21 25 M L Upper Knife No 0 ICH(L) Vascular, 
medial visual 
canthus 

22 35 M L Upper Knife No 0 CSFIcak, None 
mcdiallid pneumoccpbaius 

23 22 M L Eye Knife No 4montbs RCCF Vascular, 
visual 

24 22 M L Upper Knife Yes 0 Retained None 
medial 
cantbus 

25 25 M R Eye Knife No 3 years RCCF Vascular, 
visual 
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26 26 M L Eye Knife No · RCCF Vascular 

27 23 M L Eye Knife No 0 SAH, infarct (L Vascular, 
PCA) visual, 

neuroloaical 
28 23 M R Eye Knife No · RCCF Vascular 

29 17 M L Eyebrow Knife No on LCCF Vascular, 
visual 

30 39 M L Eye Knife No ./. LCCF Vascular, 
visual 

31 29 M L Eye Knife Yes 0 Retained, SAH Neurological, 
visual 

32 23 M R Medial eye Knife No 0 ICH(R), Visual 
pneumoccphalus, ? 
optic nerve cut 

33 32 M R Lowcrlid Knife No 0 ICH (L), SOH (L Vascular, 
frontal) visual, 

neurological 
34 21 F R Eye Knife No -14 years SAH, R CCF, ICH, Vascular, 

IVH ncuroloaical 
35 26 M L Eye Screwdriver Yes 0 Retained, knife Neurological, 

track seizures 
36 36 M R Upper lid Knife No 0 ICH, SAH, IVH Vascular, 

death 
37 20 M R Eye Screwdriver No · Pncumocephalus, Infective 

meningitis 
38 40 F R Supraorbi~ Screwdriver No 0 Pneumoccphalus None 

39 43 M L Eye Knife Yes 0 Retained Visual 

40 36 F L Eye Knife No 3/3 months LCCF Vascular, 
visual 

41 41 M R Eye upper lid Knife No 0 Meningitis Infective, 
visual 

42 40 M L Medial orbit Knife No 8 ICH, Visual 
pncumoccphalus, 
SOH 

43 19 M L Medial lower Knife No I ICH(L) Infective, 
lid visual 

44 23 M L Supraorbital Knife Yes 0127 Retained, SOH, Vascular, 
meningitis, R optic infective, 
nerve iniury visual 

45 22 M L Eye Knife No · Meningitis, Infective 
DncumOCCPhalus 

46 26 M R Medial orbit Knife No 0 SOH,ICH, Vascular, 
pneumoccphalus neurological, 

visual, seizures 
47 54 M L Eye Knife No I week RCCF Vascular 

48 20 M L Lower latcral Knife Yes 0 Retained None 
orbit 

49 28 F R Medial orbit Knife Yes 0 . Retained None 

50 29 M L Uppcrlid Knife No 0 L CCF, infarct, Vascular, 
SAH neurolO2ical 

51 21 M L Upper lid Knife No 0 Pneumoccphalus None 

52 26 M R Eyebrow Gcrnsbok No 2 weeks RCCF Vascular, 
horn visual 

53 34 M L Supraorbital Knife Yes 0 Retained, Vascular, 
pncumoccphalus, visual 
ICH(R) 
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Ocular and neurological status data. 

Case Globe Visuallols APD Eye movements GCS Oinlcaland Neurological features 
No. IJlJury 
I No CF RAPD Decreased esp IS L Vii palsy 

2+ VI 
2 No CF RAPD Decreased IS Nonnal 

3+ 
3 No - - - 8 Meningitis 
4 No Nonna! No Decreased 14 Nonnal 
S Yes PL RAPD None IS Nonnal 

3+ 
6 No NPL RAPD - 10 Nonnal 
7 No NPL RAPD None IS Tense orbit 

. 
8 Yes NPL TAPD None IS R temporal field loss 
9 Yes NPL RAPD - 13 Nonnal 
10 Yes ~L TAPD - IS L proptosis + bruit 
11 Yes PL RAPD Ptosis IS Nonnal 
12 Yes ~L - - 13 R hemiplegia 
13 No ~ormal No Nonnal 12 Mild R hemiplegia and aphasia 
14 Yes NPL - - - -
IS No PL RAPD - IS -
16 No NPL TAPD - 11 Nonnal 
17 - - - - IS Norm8l 
18 No 6160 RAPD Ptosis - ? R III + Vi nerve palsy 
19 No 61IS No Nonnal IS Nonnal 
20 No HM RAPD Decreased IS Nonnal 
21 No NPL RAPD None 14 Aphasia (resolved) 
22 No 6n.s No Nonna! IS CSFlcak 
23 Yes RNonnal,L - Normal - R proptosis + bruit 

evisc 
24 No 6n.S - Normal IS Nonnal 
2S No NPL - Decreased IS R proptosis + bruit 
26 - - - - - -
27 No NPL TAPD None 6 R hemiplegia 
28 Yes NPL TAPD None IS R proptosis + bruit 
29 No 6/36 RAPD None IS L proptosis + bruit 

2+ 
30 Yes RHM,Levisc - None IS R proptosis + bruit 

31 Yes NPL TAPD - 11 L hemiplegia 
32 No NPL RAPD None IS Nonnal 

3+ 
33 Yes RNPL - - ST Normal 
34 No - - - 9A L hemiplegia + aphasia + L Weber Syndrome 

3S No Normal - - IS Delayed 6 + 7 palsy 

36 Yes NPL TAPD - S Decreased level of consciousness 
37 No CF - - IS -
38 No CF No Decreased IS Nonnal 
39 Yes NPL TAPD None IS Nonnal 
40 - NPL - - IS Bilateral proptosis + bruit 

41 Yes NPL TAPD None 14 Normal 
42 No NPL RAPD None IS R cataract (previous blunt trauma) 

43 No 6/18 RAPD Decreased IS Meningitis 
44 No - - - 6T Norma1Imeningitis 

4S - - - - - -
46 No CF No None 14 to Nonnal to L hemiplegia 

S 
47 No Nonnal No Normal IS R proptosis + bruit 
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48 No Nonnal No Nonnal IS Nonnal 

49 No Nonnal No Normal IS Nonnal 

SO No NPL TAPD Decreased IS ~y8~..woo~R~M.t~~ 

SI Yes 6/18-2 NO Normal IS R upper limt monoplegia (resolved 
spontancoDM 

S2 No NPL RAPD None IS R~iI-bruit 
3+ 

S3 No Normal No Normal IS Nonnal 

Imaging findings data. 

ClleNo. SXR cr (and MRI for cue 23) Angiogra~b! Ti .. e ..... 
admillien 10 
anai~np., 
in darl (ti .. e 
fromlnju~) 

I Nom:31 L CCF (L proptosis, dilated L SOY, L L CCF (Briles lower siphon, 2(461 
cavernous sinus bulge) drains to LSOV+petrosaI 

sinus+UV lrC.oo crossflow) 
2 L orbit rooffracture Pneumocephalus, bone fragment in frontd Not done -

lobe 
3 Leth-noid Fracture L superior orbit margin+L lami .. Not done -

opacWication, papyracea+ethmoid+R sphenoid body+R 
ventr::ular air cribrifonn plate, bone fragments in frontli 

sinus air in basal cisterns and ventricles 
4 - Fracture L frontal bone+ACF floor, SAR, L A2 falseaneurysm 10 

L parietal SOH, L frontal ICH track with 
air 

S - SAR mild hydroceDhaius Normal 3 
6 Norn:31 R temporal SOH, small pneumocephaius. Normal 18 

fracture R posterior cribriform pllte+botlt 
planum sphenoidale+ftontallcthmoidal 
sinuses 

7 - Fracture R frontal sinus+R lamina Spasm of!. poximal 12 
papyracea+R lateral orbit apex+ ophthalmit a"lery 
ethmoid+GWS, ?transected optic nerve, 
bone fragments in frontal sinus, 
opacification R frontal, ethmoid, sphenoid, 
maxillary sinuses 

8 PDeu..-noceplaalus Pneumocephaius, IVH, SAH Not done -
9 Nomal disrupted R globe, fracture R lamina Normal (inciiental duplex S / 

papyracea, L subfrontallcaudate nucleus 
ICH.SAH. 

AI) 

10 Nonaal Bilateral proptosis, opacified L CCF (drair.s to L 8 
sphenoid+ethmoid sinuses, ?fracture R SOV+su.,.-jer/inferior 
orbital root: both cavernous IIld pootine peIrosaI siauses+pontine 
sinuses distended sinU5+1Jetrosai sinus+UV) 

11 - Fracture R ethmoid+cribrifonn plate, L Not done -
frontal pneumocephaius, diS1lol1ed L globe 
with air+haematoma in orbit 

12 Fractme L superior L globe haematoma, fracture L orbital SupraclinaidL ICA spasm 16 
orbit.} roof root7apex, L temporal pole hacrnltoma 

decompressed into L lateral ventricle + 
basal ianglia 

13 - L frontal fracture into sinus, L MCA di;tcated by Adm.ssiDn. 
pneumocephaius, L frontotemporal ICH, haematoma 
transsphenoid ftontaIlobe herniation 

14 Knife in L orbit, tip PneumocephaIus, followup CT showed a R Nonnal (ircl.Jding repeat) Adm.ssiDn. 
in C8".ernous and frontal lobe abscess, which eventually 
sphe.aid sinus resolves 
regi<a 

IS - Nonnal CCF -
16 Normal SAH. IVH, ICH Normal (1 j. FA (T") 6,24 
17 RctUted knife PneumOCCJ)haius, Hacrnorrhagic infarct Infarct AdD5Smn 
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18 Normal R proptosis, ftacturc R lateral wall orbit + Incidental R Posterior 2 
GWS, small R temporal fossa haematoma, communicating artery 
thin R SAR, (R basal ganglia infarct post aneurysm 
aneurysm clipping) 

19 - PneumOCCJ)balus Not done -
20 - L frontal bone + sphenoid wing ftacturc, L - -

ethmoid fluid, L frontal haematoma 
21 Slot fracture L proptosis, L orbital hacmatoma, Elevated L MCA from 17 

posterior wall L orbit posterolateral orbital wall slot fracture, L haematoma, incidental 
temDCl'Ooarietal haematoma track hvooolastic L Al 

22 - Pneumocephalus, ftacture L lamina - -
extendin2 into cribriform olate 

23 Normal L enucleation, R CCF with flow voids in R R CCF (which also fills L 3 (4 months) 
orbit and both cavernous sinuses, dilated R cavernous sinus), drains to 
SOY + facial vein, possibly dilated pterygoid plexus + basal vein 
sphenoparietal sinuses of Rosenthal, petrosal sinuses, 

ophthalmic veins, good 
crosst1ow 

24 Retained knife via Knife track as for SXR, no brain injury Normal Admission 
medial aspect of L 
orbit into L ethmoid 
with tip embedded in 
basisohenoid 

2S - - R CCF, dilated RICA, poor - (3 years) 
filling R ACA + MeA 

26 Lethmoid+ Normal (maxillary sinus not included on R CCF, arises at upper C3 -
maxillary sinus scan) (proximal to Ophthalmic 
opacification artery), drainage to superior 

ophthalmic vein + pterygoid 
sinus 

27 Normal Traumatic SAH, L proptosis, L retrobulbar PI + P2 spasm ?thrombus 16 
haematoma, L PCA infarct, early 
L halus, ? L Optic nerve cut 

28 - - R CCF with ? transected ICA -
29 Normal Fracture L lamina papyracea, L posterior L CCF, drains to L superior 18 

ethmoid opacification, L superior ophthalmic vein (occluded 
ophthalmic vein + cavernous sinus anteriorly) + superior/inferior 
distended petrosal sinuses + UV, 

(incidental hvooolastic AI) 
30 Old R depressed - L CCF , drains to ?R superior -13 

skull fracture ophthalmic vein, no supply 
fromR 

31 Retained knife in L Knife track as per SXR, but passes Normal Admission 
orbit with tip in R superior to sella with the tip anterior to the 
posterior temporal brainstem, Post knife removal: Blood in 
fossa pontine + R ambient cistern, fracture L 

medial orbit wall extending into orbital 
apex + L sphenoid bone, opacified L 
ethmoid + 'sohenoid 

32 - R proptosis, intraconal air + haematoma, Mild spasm R MI, ? Inferior S 
fi'acture R IatcraI orbit wall with bone depression of an enlarged R 
fragment anterior to maxillary antrum, ophthalmic artery 
fracture R LWS, ? Irregular R optic nerve, 
R pneumocephalus + SAH related to 
sphenoid bone, R tracIc hacmatoma with 
intraparenchvrltat lUIS IOCU\es 

33 Occipital + temporal Fracture R lateral orbit wall + temporal - -
bone fi'acture bone, R frontal SDH + ICH 

34 Normal Blood in R ambient wing cistern + R R CCF, drains to basal vein of 9 (bad SAH) 
perimesencephalic cistern + R Rosenthal + vein of Galen + 
interpeduncular cistern + both occipital straight sinus, crossflow 
horns, R thalamic + R cerebral peduncle present 
haematoma, distended R cavernous sinus, 
contrast enhancement in L thalamus, 
ambient cisterns + R cavernous sinus 
consistent with dilated veins 

3S - Retained screwdriver through L orbit + Normal Admission 
petrous bone with tip in midline posterior 
fossa inferior to torcula 
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36 Normal IVH ICH,HC Not done -
37 - R proptosis, pnewnocephalus in ambient + - -

suprasellar cisterns, - R frontal sinus + 
medial posterior orbital roof near 
ftontoethmoidal recess 

38 - Fracture frontal bone, pneumocephalus, Normal 5 
knife track 

39 Retained knife - Knife compressing L ICA Admission 
(14cm) via L orbit with poor distal flow, no 
with tip to R of direct vascular injury 
midline in upper 
pontine cistern, 
?Glass above R eve 

40 Normal Opacified L maxillary + sphenoid sinuses L CCF from C31C4, fills 3 (3 months) 
intercavernous and R 
cavernous sinuses, drains to L 
superior ophthalmic vein + L 
inferior petrosal sinus + 
meningeal veins into superior 
sagittal sinus. good crossflow 

41 Normal Normal Not done -
42 - L orbital gas + proptosis, fracture L GWS, Normal 8 

pnewnocephalus, L temporal pole lCH, L 
MCF smaIl SOH 

43 Normal L proptosis, slot fracture L GWS into Elevated Ml + M2 from 9 
anterior L temporal fossa. L temporal ICH temporal P<l!e swelling 

44 - R frontal retained blade, L proptosis, R - -
frontoparietal SOH, fracture L frontal 
sinus into cribriform plate + R 
superomedial orbit with bone fragments 
abutting R optic nerve + R inferolateral 
orbital exit fracture 

45 L lateral orbital rim L globe disrupted, L SOY thrombosed, - 16 
disrupted, pnewnocephalus in subarachnoid space + 
pnewnocephalus ventricles, fracture superolateral sphenoid 

sinus @ level of clinoid process + extends 
into frontal sinus 

46 Pneumocephalus R frontotemporal haematoma + Normal Admission 
pnewnocephalus, R proptosis, opacified R 
ethmoid sinus. SOH 

47 - - R CCF, drains to inferior - (3 months) 
DCtrosal sin~ood cross flow 

48 Retained knife in Normal Normal Admission 
orbit 

49 Retained knife in Knife extends into medial R temporal lobe Tip lies Imm from petrosal Admission 
medial R orbit, segment ofR ICA 
85mm blade, tip in 
posterior aspect of 
sphenoid sinus 

50 - SAH in quadrigeminal + interpeduncular L CCF, fills intercavernous + 3 
cisterns, pnewnocephalus, opacified L R cavernous sinus, drains to R 
sphenoid + ethmoid sinuses, followup CT superior ophthalmic vein, both 
shows L basal ganglilVthalamic + L inferior petrosal sinsuses 
parietooccipital infarcts 

51 - Pnewnocephalus, opacified sphenoid Normal 5 
52 L maxillary + R proptosis, distended R superior + R CCF @ C4 level, drains to 6 (2 weeks) 

ethmoid inferior ophthalmic veins + cavernous R superior + inferior 
opacification, dense sinus, (maxillary sinus not included on ophthalmic veins + pterygoid 
Rorbit scan) plexus + UV, crossflow 

present 
53 Retained knife into L Pnewnocephalus with intraventricular air, Normal 12 

frontal sinus, through L frontallCH 
floor of ACF with tip 
across midline in R 
ethmoid sinus, 
pnewnocephalus 
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Management data. 
Case No. Antibiotics Anticonvulsants EDClovueDlar, Duration Outcome Follow up 

neurosurgical and orbospitai 
opbthalmological stay 
manuement 

I No No Balloon 5/10 LCFVA 4 months 
embolisation 

2 Amoxycillin Yes ACFrepair 13 Normal None 
3 Penicillin, Yes ACF repair/isolate 7/60122 Aphasic, To longterm care 

Vancomycin, frontal sinus 12115 
Cloxacillin, 
Cefuroxime, 
Metronidazole, 
Ofloxacin, Cefipime 

4 Cloxacillin, No FA clipped 17 L 6/12+ I week 
Cefuroxime, ptosis@ I 
Metronidazole week 

5 No Yes L evisceration 6 BlindL 6 weeks 
6 Cefuroxime, Yes Bilateral ACF repair 30 BlindL None 

Penicillin, 
Cefotaxime, 
Metronidazole 

7 No No Temporary 13 BlindR I month 
tarsorrhllDhy 

8 Cefuroxime No None 6 Dead None 
Cloxacillin 

9 Yes No R evisceration 19 BlindR 2 months 
10 No No Balloon 114 BlindR None 

embolisation 
II Bicillin, No L evisceration 6 Blind L 9 months 

Ciprotloxacin 
12 Metronidazole, Yes R evisceration 19 R hemiplegia, 6 weeks 

Cloxacillin, expressive 
Cefuroxime dysphasia, 

blindR 
13 Penicillin, Yes . 10 Well 7 months 

Gentamycin, 
Metronidazole, 
Cloxacillin 

14 Yes No Craniotomy + knife 13 BlindR 2 months 
removal,R 
enucleation 

15 · · CCF embolisation 6 . None 
16 Ofloxacin, bactrirn, Yes FA clipped, 76 Blind L, poor 5 years 

Cefuroxime, tarsorraphy, external mental 
Metronidazole, ventricular drain function 
Penicillin G, 
Chloramphenico~ 
Cloxacillin 

17 · · Removal knife . . None 
18 No Yes Incidental posterior 30 BlindR, 3 years 

communicating regeneration 
artery aneurysm syndrome, 
cliPDCd seizures 

19 · · Lid repair 0 Well@ None 
dischafge 

20 Cloxacillin, No . 6 Well None 
Metronidazole 

21 PeniciUin, Yes None 17 BlindL 3 weeks 
Gentamycin, 
Metronidazole 

22 No No Lid repair 7 Well None 

23 · · Balloon 10 BlindL None 
embolisation 

24 No Yes Knife removal 6 Well None 
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25 No No Balloon 2 Blind R None 
embolisation 

26 - - Balloon - - None 
embolisation 

27 Penicillin, Yes None 19 Blind L, R 16 months 
Gentamycin, hemiplegia, 
Cloxacillin dysphasia 

28 No No Balloon 6 - None 
embolisation 

29 No No No equipment 9 LpoorVA None 

30 No No Balloon 10 Blind L None 
embolisation, L 
evisceration 

31 Cefuroxime, Yes Craniotomy + knife 13 MildL 9. months 
Ampicillin, removal, L hemiplegia, 
Cloxacillin, evisceration blind L 
Metronidazole 

32 No No - 5 BlindR 2 weeks 

33 CefuroxiJne, Yes Craniotomy + 22 BlindR, R None 
Metronidazole, drainage SOH, R hemiplegia 
Cloxacillin, evisceration (for 
Cotrimoxazole sepsis) 

34 Gentamycin, Yes Balloon 51 L hemiplegia, 2 years 3 months 
Ampicillin embolisation wheelchair 

bound 
35 No Yes Craniotomy + knife 31 Mild L 3 months 

removal hemiplegia, L 
VlJlhnerve 
palsy 

36 No No Resuscitation 0 Dead None 
37 Penicillin, No None 10 Well None 

Metronidazole, 
Cefuroxime, 
Cloxacillin 

38 Cefuroxime No None 7 Well None 
39 No No Knife removal, L 10 Blind L 2 months 

evisceration 
40 No No Balloon 37 Blind L None 

embolisation 
41 Cefuroxime, No Evisceration, ball 10 BlindR 6 weeks 

Cloxacillin, implant 
Penicillin 

42 No No None 9 Blind L, R 8 months 
poor VA 

43 Penicillin, No None 10 L poor VA None 
Cefuroxime, 
Chloramphenicol 

44 -ICefuroxime, No Craniotomy + knife 6/23 BlindR None 
Cloxacillin, removal + drainage 
Metronidazole, SOH, ACF repair 
Amoxvcillin 

45 - - - - - None 
46 Cefuroxime, Yes Craniotomy + 18 L hemiplegia, 3 years 6 months 

Cloxacillin, drainage ICH and seizures, R 
Amikacin SOH poor VA 

47 No No Balloon - Well None 
embolisation 

48 Amoxycillin No Knife removal 2 Well None 
49 Penicillin, No Knife removal 2 Well None 

Metronidazole, 
Cloxacillin 

50 Cefuroxime No None - Dysphasia None 
51 No Yes Comeoscleral repair 7 Well None 
52 No No Balloon 819 (no BlindR None 

embolisation equipment) 
53 Cefuroxime Yes Craniotomy + knife 24 L poor VA • None 

removal ACF repair 
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