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with non-displaced fractures of the orbital walls, particu-
larly the orbital roof [1, 3].

Common symptoms of RBH include pain, proptosis, 
conjunctival oedema, restricted extraocular movement, 
increased intraorbital pressure (IOP), ocular firmness, and, 
most critically, vision loss. Vision impairment has been 
reported in up to 22% of RBH cases [4], although the under-
lying mechanisms remain unclear. Blood accumulation in 
the orbit leads to an increase in IOP, but the link between 
this rise and permanent vision loss is not fully understood. 
Some studies suggest that elevated IOP disrupts perfusion, 
resulting in ischaemia of the optic nerve and retina, leading 
to vision loss [5]. However, other reports document visual 
impairment occurring despite the absence of elevated IOP 
[6]. It is important to note that visual impairment may not 
manifest immediately following a traumatic event [7–9]. 
Timely intervention is critical, as patients may experience 
irreversible vision loss within 60 to 120 min of RBH forma-
tion [2, 10, 11].

Introduction

Retrobulbar hematoma (RBH) is a rare but serious condi-
tion, with an estimated incidence of 0.45–0.6% in orbital 
fractures [1, 2]. However, only a fraction of RBH progresses 
to orbital compartment syndrome (OCS), requiring interven-
tion. Current evidence suggests that RBH is caused by arte-
rial bleeding into the confined retrobulbar space, typically 
associated with surgical complications or, more commonly, 
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Abstract
Purpose  We identified the occurrence of acute retrobulbar haematoma (RBH) across a complete range of orbital fractures 
and determined clinical and radiological findings that could predict permanent vision loss associated with RBH.
Methods  A retrospective analysis was conducted on data from facial trauma patients, encompassing a comprehensive range 
of orbital fractures. The primary outcome variable was the presence of acute RBH that required surgical or medical treat-
ment. The main predictor variables were the types of orbital fractures. We collected data on symptoms, clinical and radiolog-
ical findings, treatment, and instances of vision loss to assess the relationship between these factors and vision impairment.
Results  Of the 2149 patients with orbital fractures, 28 (1.3%) presented with acute RBH, including two bilateral hae-
matomas, bringing the total number of RBHs to 30. Specific injury mechanisms were statistically associated with RBH 
(p = 0.005), with high-energy injuries being the most frequent cause. The prevalence of RBH was higher in bilateral than 
unilateral fractures (3.1% vs. 1.1%) (p = 0.023). Among unilateral fractures, RBH was most strongly linked to orbital roof 
and rim fractures. Tenting or tuliped-like appearance on computed tomography and absence of pupillary light reflex were 
more common in patients with permanent vision loss. Type of surgical approach did not affect visual outcome.
Conclusion  Acute RBH appears to occur more frequently in patients with orbital fractures than previously reported. Clini-
cians managing facial fractures need to be trained to diagnose RBH promptly and identify indicators of potential vision loss, 
particularly tenting on radiological images and changes in pupillary reflex.
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Despite the potential for severe outcomes associated 
with RBH, standardized treatment protocols have not yet 
been established. Current management primarily focuses on 
orbital decompression to relieve pressure and preserve ocu-
lar and optic nerve perfusion. While some studies suggest 
that medical therapy alone can prevent vision loss, surgi-
cal interventions—such as lateral canthotomy or cantholy-
sis, with or without haematoma evacuation—remain the 
preferred approach for vision-threatening RBH [1, 12–14]. 
Medical therapy is often used as an adjunct to surgery.

The emergent nature and rarity of RBH have limited the 
number of studies addressing associated fracture types and 
management strategies. This study retrospectively examines 
the incidence of RBH among facial trauma patients across 
all orbital fracture types, exploring variations in its occur-
rence based on fracture patterns and patient demograph-
ics. Additionally, we assess the frequency of vision loss 
and analyse potential explanatory variables influencing its 
development. Our hypothesis is that the incidence of acute 
RBH exceeds previously reported rates and that specific 
clinical and radiological findings could ultimately serve as 
predictors of impending permanent vision impairment.

Materials and methods

Study design

Retrospective data were gathered from the electronic medi-
cal database of all facial fracture patients treated at the ter-
tiary trauma unit, Töölö Hospital Emergency Department, 
Helsinki University Hospital (HUH), Helsinki, Finland, 
over a nine-year period, from 1 January 1, 2013 to 31 Octo-
ber 2020. Patients’ medical records were reviewed, and the 
study data were collected from the records.

The study included patients with isolated orbital fractures 
and those with fractures extending into the orbit, as con-
firmed by computed tomography (CT) imaging. We retro-
spectively assessed the incidence of RBH in these cases and 
investigated potential factors contributing to its onset.

Data collected included patient age, sex, mechanism of 
injury, type of orbital fracture, and presence of clinically 
significant RBH. We also gathered information on RBH-
specific symptoms, clinical and radiological findings, time 
intervals from injury to CT diagnosis and from diagnosis to 
treatment, treatment details, and resulting vision outcome. 
Furthermore, we analysed whether these variables contrib-
ute to or could predict RBH-related visual impairment.

Study variables

RBH occurrence

The outcome variable for this study was the presence of 
acute RBH, defined as a RBH requiring surgical interven-
tion or medical treatment with high-dose glucocorticoids 
and ocular medications used to manage intraocular pressure.

The primary predictor variable was the type of orbital 
fracture, categorized as unilateral or bilateral. Unilateral 
fractures were classified into subtypes according to the spe-
cific orbital structures involved, which served as additional 
predictor variables. The subtypes were categorized as fol-
lows: unilateral blow-out fractures (involving the orbital 
floor, medial wall, or both), unilateral zygomatico-orbital 
fractures, unilateral orbital roof and rim fractures, and uni-
lateral combined orbital fractures (comprising any other 
combinations not listed above).

The explanatory variables included age, sex, and mecha-
nism of injury. A comprehensive overview of these vari-
ables is shown in Table 1.

Patients’ symptoms, clinical and radiological findings, and 
details of treatment

The symptoms, along with the clinical and radiological find-
ings of RBH patients, were systematically reviewed. We 
examined how these factors, delays in diagnosis and treat-
ment, and specific treatment methods relate to vision loss. 
Tables 2 and 3, and 4 provide detailed descriptions of these 
variables.

Radiological findings were obtained from the initial CT 
images taken after the injury. When necessary, the primary 
radiologist’s report was supplemented by a consultation 
with a maxillofacial surgeon specialized in facial trauma 
(J.S.). CT images of patients with retrobulbar haematoma 
were re-evaluated by authors J.S. and M.N-S. The maxi-
mum haematoma thickness was measured in millimetres 
(mm). In cases of unilateral fractures, radiological proptosis 
was assessed in the axial view at the orbital rim level, along 
the cross-sectional line of the globe, as previously described 
by Zimmerer et al. [15]. The distance from the outer part 
of the globe to the cross-sectional line was measured and 
compared with the unaffected side, and the difference was 
recorded in millimetres.

Persistent vision loss

Patients with surgically treated RBH whose visual acuity 
was possible to assess postoperatively were further anal-
ysed. The primary outcome variable was persistent vision 
loss, classified as moderate or worse visual impairment in 
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the affected eye. The severity of visual impairment was clas-
sified according to the International Statistical Classification 
of Diseases [16].

Statistical analyses

Statistical analyses were conducted using SPSS Statis-
tics version 28.0 (IBM, N.Y., USA). The Kruskal-Wallis 
test was used to assess the differences in age distribution 
between patients with and without RBH. To evaluate associ-
ations between RBH and other categorical explanatory and 
predictor variables, Pearson’s Chi-squared test and Fisher’s 
exact test were employed. A p-value of less than 0.05 was 
considered statistically significant.

Ethical approval

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Institutional review 
board approval was obtained for this retrospective study 
(HUS/356/2017).

Results

Patients and orbital fracture types

Throughout the study period, records from 2149 facial 
trauma patients with orbital fractures were manually ana-
lysed. Age ranged from 3.3 to 102.5 years, with a median 
of 49.2 years. Males comprised 70.2% of patients. Ground-
level falls (30.8%) and assault (26.2%) were the leading 
causes of injury. Unilateral fractures accounted for 89.4% of 
cases, with zygomatico-orbital fractures (42.5%) and blow-
out fractures (41.0%) being the most common.

Occurrence of RBH

Out of 2149 patients with orbital fractures, 28 (1.3%) devel-
oped a total of 30 acute RBHs. Although not statistically 
significant, patients with RBH tended to be older than those 
without it (median age 58.1 vs. 49.0 years). The occur-
rence of RBH varied significantly by mechanism of injury 

Table 1  Associations between explanatory and predictor variables and occurrence of retrobulbar haematoma in 2149 orbital fracture patients
Patients with RBH % of n Patients without RBH % of n
n n

2149 28 1.3 2121 98.7
p-value

Age (years) 0.1651

Median (range) 49.2 (3.3, 102.5) 58.1 (9.1, 92.2) 49.0 (3.3, 102.5)
Interquartile range 35.8 41.5 35.7
Sex n (%) n (%) n (%) 0.9992

Male 1508 (70.2) 20 (71.4) 1.3 1488 (70.2) 98.7
Female 641 (29.8) 8 (28.6) 1.2 633 (29.8) 98.8
Mechanism of injury 0.0053

Fall on ground level 661 (30.8) 6 (21.4) 0.9 655 (30.9) 99.1
Assault 562 (26.2) 6 (21.4) 1.1 556 (26.2) 98.9
Non-motorized vehicle 275 (12.8) 0 (0.0) 0.0 275 (13.0) 100.0
Fall from height and fall from stairs 263 (12.2) 7 (25.0) 2.7 256 (12.1) 97.3
Motor vehicle accident 186 (8.7) 5 (17.9) 2.7 181 (8.5) 97.3
Struck by object 152 (7.1) 2 (7.1) 1.3 150 (7.1) 98.7
Other/unknown 45 (2.1) 1 (3.6) 2.2 44 (2.1) 97.8
Firearm 5 (0.2) 1 (3.6) 20.0 4 (0.2) 80.0
Orbital fracture type 0.0233

Bilateral fracture 227 (10.6) 7 (25.0) 3.1 220 (10.4) 96.9
Unilateral fracture 1922 (89.4) 21 (75.0) 1.1 1901 (89.6) 98.9
  Unilateral fracture subtype 0.0043

  Unilateral zygomatico-orbital 816 (42.5) 4 (19.0) 0.5 812 (42.7) 99.5
  Unilateral blow-out 788 (41.0) 10 (47.6) 1.3 778 (40.9) 98.7 ´
  Unilateral combined 179 (9.3) 1 (4.8) 0.6 178 (9.4) 99.4
  Unilateral orbital roof/rim 139 (7.2) 6 (28.6) 4.3 133 (7.0) 95.7
RBH = retrobulbar haematoma
1Kruskal-Wallis rank sum test
2Pearson’s Chi-squared test
3Fisher’s Exact test for count data
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Symptoms and clinical and radiological findings in 
patients with RBH

Detailed findings from the 30 RBHs are summarized in 
Table  2. Surgical intervention was required in 24 cases, 
while 6 received only local medical treatment with topical 
intraocular pressure-lowering medications (brinzolamide 
or dorzolamide). Eleven patients were on anticoagulants, 
accounting for 36.7% of the 30 RBHs, as none had bilateral 
hematoma.

(p = 0.005), with motor vehicle accidents and high-energy 
falls each contributing the highest rates at 2.7% (Table 1).

The prevalence of RBH was higher in patients with bilat-
eral fractures than in patients with unilateral fractures (3.1% 
vs. 1.1%) (p = 0.023). Variation in RBH frequency was 
observed among the different types of unilateral fractures 
(p = 0.004); RBH occurred in 4.3% of patients with orbital 
roof/rim fractures, 1.3% with blow-out fractures, 0.6% with 
combined fractures, and 0.5% with zygomatico-orbital 
fractures.

Table 2  Treatment approaches, symptoms, and clinical and radiological findings in 30 cases of surgically and medically treated retrobulbar hae-
matoma

n % of n
Antociagulant medication
Yes 11 36.7
No 19 63.3
Treatment approach
Surgical 24 80.0
Exclusively medical 6 20.0
Orbital site of haematoma (radiological view)
Roof 7 23.3
Combined 14 46.7
Floor 5 16.7
Medial 2 6.7
Lateral 2 6.7
Tulip-like bulbus (radiological view)
Yes 9 30.0
No 21 70.0
Maximum thickness of haematoma, mm (radiological view)
Range 3 to 20
Mean 7.7
Median 7.0
Proptosis, mm (radiological view) *
Range 1 to 10
Mean 5.0
Median 5.0
Eye pressure before treatment, mmHg **
Range 18 to 66
Mean 35.8
Median 36.2
Pupil light stiffness
Yes 22 73.3
No 7 23.3
Not available 1 3.3
Restricted eye movements
Yes 14 46.7
No 4 13.3
Not available 12 40.0
Persistent vision loss
Yes 7 23.3
No 19 63.3
Not available 4 13.3
* Radiological proptosis could not be evaluated in two patients due to bilateral haematoma
** Information on eye pressure available for 22 patients
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Vision loss in patients

Of the 30 RBH cases, 7 (23.3%) resulted in persistent vision 
loss; all these RBHs were treated surgically. Three patients 
experienced total blindness, three had severe visual impair-
ment, and one had minor impairment. Three patients died 
before a final vision assessment could be completed, includ-
ing one patient with bilateral haematomas. Ophthalmologic 
consultation was provided for 24 patients, covering a total 
of 26 RBHs, including all 7 patients who developed persis-
tent vision loss.

Radiological analyses revealed that RBHs were most fre-
quently located in the roof (23.3%) and floor (16.7%) of the 
orbit, with lower frequencies observed in the medial and lat-
eral walls (6.7% each). In 46.7% of cases, hematomas were 
present in multiple locations (Fig. 1).

Tenting was identified on 9 CT images (30.0%). The 
maximum hematoma thickness ranged from 3 to 20  mm 
(median 7.0  mm). Radiological proptosis measurements 
varied from 1 to 10 mm (median 5.0 mm).

Clinically, loss of pupillary light reflex was recorded 
in 22 cases (73.3%). Intraocular pressure measurements 
were available for 22 cases, ranging from 18 to 66 mmHg 
(median 36.2 mmHg). Restricted eye movement was noted 
in 14 cases (46.7%) and could not be assessed in 12 (40.0%).

Table 3  Association between presurgical variables and persistent vision loss in patients with surgically treated retrobulbar haematoma*
All Patients with persistent 

vision loss
n = 7

Patients without persistent 
vision loss
n = 13

n % of n % of n
Antociagulant medication
Yes 8 2 25.0 6 75.0
No 12 5 41.7 7 58.3
Orbital site of haematoma (radiological view)
Combined 7 3 42.9 4 57.1
Roof 6 3 50.0 3 50.0
Floor 4 1 25.0 3 75.0
Medial 2 0 0.0 2 100.0
Lateral 1 0 0.0 1 100.0
Tulip-like bulbus (radiological view)
Yes 7 5 71.4 2 28.6
No 13 2 15.4 11 84.6
Maximum thickness of haematoma, mm (radiological view)
Range 3 to 20 6 to 20 3 to 15
Mean 8.7 11.3 7.3
Median 7.0 9.0 7.0
Proptosis, mm (radiological view)**
Range 2 to 10 2 to 10 2 to 8
Mean 5.5 6.8 4.8
Median 6.0 7.0 5.0
Eye pressure before treatment, mmHg
Range 18 to 66 32.5 to 50.0 18 to 66
Mean 38.9 40.0 37.8
Median 38.5 40.0 35.0
Pupil light stiffness
Yes 17 7 41.2 10 58.8
No 2 0 0.0 2 100.0
Not evaluated 1 0 0.0 1 100.0
Restricted eye movements
Yes 9 4 44.4 5 55.6
No 3 0 0.0 3 100.0
Not evaluated 8 3 37.5 5 62.5
* Data on final visual acuity available for 20 patients
** Radiological proptosis could not be evaluated in two patients due to bilateral haematoma
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association was found with the type of surgical approach, 
as cases were evenly distributed across methods. Vision 
loss was not linked to anticoagulant medication, as only 
two patients on anticoagulants experienced permanent 
visual loss. Similarly, no correlation was found with high-
dose glucocorticoid administration; among the six patients 
treated with glucocorticoids, two sustained permanent 
visual impairment.

Discussion

This retrospective study examined the incidence of RBH 
in a large dataset of facial trauma patients, focusing on 
variations across fracture types and patient demographics. 
Results revealed a markedly higher rate of acute RBH in 
orbital fracture patients (1.3%) than previously reported 
(0.45–0.6%) [1, 2]. Changes in pupillary reflex and tenting 
on CT imaging were identified as potential indicators for 
vision loss.

Fracture type, mechanism of injury, and patient age have 
been linked to a higher incidence of RBH. Especially frac-
tures involving the orbital roof have shown a strong asso-
ciation [1, 3], possibly due to their fissural nature, which 
obstructs blood drainage and raises IOP. In this study, RBH 
was most frequent in bilateral orbital fractures —likely 

Predictors for persistent vision loss in RBH patients 
treated surgically

For the 20 surgically treated RBH patients with assessable 
postoperative visual acuity, potential predictors of vision 
loss were analysed (Tables 3 and 4). Tenting on CT imag-
ing (Fig. 2) was strongly associated with permanent vision 
impairment. Among the seven patients exhibiting the tent-
ing sign, five (71.4%) experienced irreversible vision loss. 
Other variables demonstrated less distinct relationships, 
as they were also prevalent among RBH patients without 
vision impairment; for example, pupil stiffness was pres-
ent in 58.8%, and restricted eye movement was observed 
in 55.6% of those patients. However, all patients with per-
manent visual impairment exhibited an absent pupillary 
reflex, and also restricted eye movement whenever it was 
assessable.

RBHs in patients with visual loss exhibited slightly 
greater proptosis (median 7.0 mm vs. 5.0 mm) and thick-
ness (median 9.0 mm vs. 7.0 mm) than those without vision 
changes.

The time range from trauma to CT imaging (1.2 to 9.5 h) 
and from trauma to surgery (1.9 to 27.3 h) was prolonged. 
Treatment timing in patients with visual impairment was 
marginally more delayed than in those without (median 
8.4 h vs. 6.5 h), but no strong correlation was identified. No 

Table 4  Time span from injury to surgery and treatment details of patients* with surgically treated retrobulbar haematoma
All Patients with persistent vision loss Patients without persistent vision loss

Time span, hours
From trauma to treatment
Range 1.9 to 27.3 4.3 to 27.0 1.9 to 27.3
Mean 9.0 10.9 9.9
Median 6.9 8.4 6.5
From trauma to CT
Range 1.2 to 9.5 1.2 to 9.5 1.3 to 5.5
Mean 3.1 3.9 2.7
Median 2.4 2.4 2.4
From CT to treatment
Range 0.4 to 25.8 1.8 to 25.8 0.4 to 24.8
Mean 7.7 7 7.2
Median 3.6 4.6 3.2

n % of n n % of n
Surgical treatment
Canthotomy 7 2 28.6 5 71.4
Canthotomy + evacuation 6 3 50.0 3 50.0
Exclusively evacuation 3 1 33.3 2 66.7
Cantholysis + evacuation 1 1 100.0 0 0.0
Cantholysis 3 0 0.0 3 100.0
High-dose glucocorticoid
Yes 5 2 40.0 3 60.0
No 15 5 33.3 10 66.7
* Data on final visual acuity available for 20 patients
CT = computed tomography
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Intervention within 60 to 120 min of RBH onset is consid-
ered crucial [2, 10, 11]. In our study, patients who experi-
enced vision impairment received slightly delayed treatment 
(median 8.4 h vs. 6.5 h). However, RBH may not develop 
immediately after injury [7–9], complicating the determina-
tion of the treatment window. In addition, vision loss has 
been documented in RBH patients even without elevated 
pressure [6]. Some studies also report poor vision recovery 
despite timely intervention within the recommended two-
hour window [18]; conversely, others document recovery 
even with prolonged delays [19–21]. It is, therefore, difficult 
to establish general threshold values for treatment timing.

because of the higher prevalence of high-energy trauma— 
and unilateral orbital roof fractures, although cases were 
observed across all fracture types. Importantly, RBHs can 
occur across all age groups. In this study, the youngest 
patient to undergo immediate haematoma evacuation was 
9 years old.

Only a small number of RBH progress to vision-threaten-
ing OCS. The exact mechanism behind vision loss remains 
unclear. Recovery after prompt orbital decompression sug-
gests that both IOP and timely intervention play critical 
roles. Animal studies have shown that once a critical pres-
sure threshold is exceeded, the duration of pressure may be 
more detrimental to neuronal survival than its intensity [17]. 

Fig. 1  A 66-year-old man was assaulted and subsequently evaluated for facial injuries in the emergency department. Imaging revealed a right-sided 
blow-out fracture involving the floor and medial wall, accompanied by a 7-mm-thick haematoma in the fragmented orbit (*)
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accurate measurement. Readings obtained with improper 
techniques have been reported to vary even by 50–100% 
[24]. When IOP measurement is infeasible, globe palpation 
is sometimes used, although it remains highly subjective 
and imprecise.

In unconscious patients, the absence of a pupillary 
response is considered a strong indicator [1] and our results 
support this, as all patients with vision loss exhibited non-
reactive, light-stiff pupils. However, systemic conditions, 
intracranial injuries, or the effects of substances and medi-
cations may complicate diagnosis. Proptosis is another indi-
cator commonly used for unconscious patients, but it does 
not directly correlate with IOP. Other causes —such as bony 
displacement into the orbit (blow-in fracture) [25], orbital 
bleeding [26], or retrobulbar swelling [1, 27] — must also 
be considered.

The role of CT imaging in diagnostics remains debated. 
Some studies advocate for clinical evaluation alone [3, 28], 
while others highlight the value of CT in identifying hae-
matoma characteristics [29] and associated findings such as 

Identifying clinical and radiological markers of vision 
impairment is crucial for early recognition of at-risk patients. 
Christie et al. [4] reported that among OCS patients, 44% 
experienced vision changes, 40% had proptosis, 35% had 
pupillary abnormalities, 30% showed restricted eye move-
ment, 16% had elevated IOP, and 15% reported pain. Popat 
et al. [22] suggested that RBH might be predicted by three 
or more of the following signs: pain, proptosis, chemosis, 
diplopia, subconjunctival haemorrhage, elevated IOP, tense 
globe, reduced vision, restricted movement, or loss of pupil-
lary reflex. However, the clinical relevance of many of these 
indicators is debated. Signs like chemosis, subconjuncti-
val haemorrhage, diplopia, vision changes, and restricted 
movement lack specificity, as they are common in orbital 
fractures but often unrelated to RBH. Pain is also unreliable, 
as many patients present with severe trauma or are uncon-
scious on admission.

Similarly, IOP assessment has its limitations. Retrobulbar 
pressure does not always correlate with IOP [23], and many 
emergency departments lack the necessary equipment for 

Fig. 2  Clinical findings in the patient case shown in Fig. 1 included 
slight stiffness of the right pupil, restricted eye movements, increasing 
pain, and elevated intraocular pressure (right: 48.4 mmHg, left: 22.1 
mmHg). These symptoms indicated a wide haematoma causing 8 mm 

proptosis and tenting of the optic nerve (#). An emergency canthotomy 
was performed in the maxillofacial emergency unit to reduce intraor-
bital pressure 5 h after the trauma, along with topical ocular medica-
tion. Vision remained normal during follow-up
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waived by the internal board due to the retrospective nature of this 
study.

Clinical trial number  Not applicable.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
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article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
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