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Abstract

Background: Retrobulbar hemorrhage (RBH) is a rare complication after orbital surgery but associated with ocular
complications including blindness. The aim of this study was to identify clinical characteristics of patients with RBH
requiring emergent orbital decompression after blowout fracture repair.

Method: A retrospective review of 426 blowout fracture patients at a tertiary oculoplastic clinic provided data
regarding demographics, physical examination findings, and computed tomography (CT) images. Extraocular
motility had been recorded in patient charts on a scale from 0 to − 4. Patients requiring emergent orbital
decompression due to RBH after surgery (RBH group) were compared with those who did not (Control group),
using the Mann-Whitney U-test. Incidences of RBH according to primary or secondary surgery were also
investigated, using Fisher’s exact test.

Result: Five (1.2%) of the 426 patients who underwent blowout fracture repair developed RBH requiring emergent
intervention. All RBH patients fully recovered after the decompression procedure or conservative treatment. Number
of days to surgery was significantly longer in the RBH group (97.0 ± 80.1) than in the Control group (29.0 ± 253.0)
(p = 0.05). Preoperative enophthalmos was also significantly greater in the RBH group (RBH vs. Control group, 3.6 ±
1.7 mm versus 1.2 ± 1.3 mm (p = 0.003)). The incidence of RBH was significantly higher in patients that underwent
secondary surgery (odds ratio = 92.9 [95% confidence interval, 11.16–773.23], p = 0.001).

Conclusions: Surgeons should pay more attention to hemostasis and postoperative care in patients with a large
preoperative enophthalmic eye, when time from injury to surgery is long and in revision cases. When RBH occurs,
time to intervention and surgical decompression is critical for visual recovery and preventing blindness.

Trial registration: The institutional review board of the Yeungnam University Medical Center approved this study
(YUMC 2018-11-010), which was conducted in accord with the Declaration of Helsinki.
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Introduction
Retrobulbar hemorrhage (RBH) is a rare postoperative
complication feared by ophthalmologists, because it can
lead to blindness if not appropriately managed. Few stud-
ies have addressed the incidence of RBH after ophthalmic
surgery, which is considered to have an extremely low

incidence. Several case reports have been issued on the oc-
currence of postoperative RBH after oculoplastic surgery
[1–5], and incidence rates of 0.055 to 3.2% have been re-
ported, depending on type of surgery [6, 7].
Orbital fracture is a common consequence of facial

trauma, and orbital fracture repair is a common orbital
surgery performed in the ophthalmic plastic surgery de-
partments of tertiary hospitals. Although RBH is a poten-
tially fatal complication that can occur after such surgery,
research on its incidence and risk factors is limited.
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The study was conducted on the incidence, treatment
outcomes, and clinical features of RBH in patients after
blowout fracture repair. The purpose of this study was
to identify the incidence and risk factors of RBH after
isolated blowout fracture correction. The study was per-
formed on a relatively large number of patients treated
at a single tertiary hospital by a single operator using the
same technique to improve understanding of the risk
factors and management of RBH.

Methods
The institutional review board of the Yeungnam univer-
sity medical center approved this study (YUMC 2018–
11-010), which was conducted in accord with the
Declaration of Helsinki. Patients treated between January
2008 and December 2016 were eligible for inclusion.
The operation database of the Yeungnam university

medical center was searched for orbital wall fracture
repair operative codes to identify patients who had
undergone blowout fracture repair. Medical records
were screened by chart review to identify patients that
had experienced solely blowout fracture repair; patients
that underwent blowout fracture repair combined an-
other repair of facial bone were excluded. All operations
were performed by one surgeon (JH Son) at a single
center.
Data collection included patient demographics, mech-

anism of injury, fracture location, and time elapsed be-
tween injury and surgical repair. Preoperative and
postoperative clinical findings collected included visual
acuity, presence of diplopia, eye motility, and exophthal-
mometry using a Hertel exophthalmometer. Need for
muscle surgery or prisms and postoperative complica-
tions were also recorded. All patients taking anticoagu-
lants prior to surgery were checked for medications, and
then, after appropriate counselling, medications were
discontinued for as long as necessary. In this study, we
defined RBH as a posterior orbital hemorrhagic condi-
tion requiring additional intervention rather than routine
treatment, which involved intravenous antibiotics and
steroids (dexamethasone 5 mg) after surgery. The
routine patients were discharged1–2 days after surgery,
and prescribed oral antibiotics, steroids (prednisolone
20mg), analgesics, and steroid eye drops for 1 week.
Fracture sizes were estimated by orbital computed

tomography (CT) at time of diagnosis. To determine the
apparent size of the fracture, we measured maximal
bony defect diameters on coronal CT images.
Eye motility was assessed in supraduction, infraduc-

tion, adduction, and abduction. Duction limitation was
graded using the following scale;0 (no limitation), − 1
(duction 30°–45°), − 2 (15°–30°), − 3 (duction< 15°), and
− 4 (no movement) [8, 9]. Total duction limitation was

calculated by summing ductions in the 4 positions of
gaze [10].
Orbital fracture repair was performed using the trans-

conjunctival approach. If needed, a lateral canthotomy
incision and cantholysis of the inferior crus of the lateral
canthal ligament was performed. The incision was ex-
tended to include a retrocaruncular incision when repair
involved both the orbital floor and medial orbital wall.
Complete reduction of orbital contents from fracture
sites was performed prior to implant placement. Porous
polyethylene (Medpor, Stryker, Kalamazoo, Michigan,
USA) implants were used. In each case, the conjunctival
incision was closed using an 8–0 Vicryl suture (Ethicon
Inc., New Jersey, NY, USA). All patients were given a
short course of oral steroids and oral antibiotics, and
were discharged 1 or 2 days after surgery.
Postoperative vision and pupil reaction checks were

conducted in a general ward after awakening (range, 1 h
~ 4 h after surgery) by the operator. Vision checks were
continued by ophthalmology residents on the morning
of the following day. Diagnosis of RBH was established
based on symptoms such as periocular pain and
pressure, proptosis, eyelid discoloration, mydriasis, visual
impairment, and diplopia. As soon as RBH was recog-
nized, simple needle aspiration was attempted, and if the
amount of orbital decompression was insufficient, a CT
scan was performed as soon as possible (Fig. 1). After
determining the location and amount of hematoma, lat-
eral canthotomy and cantholysis were performed imme-
diately. If CT was not possible within a short period of
time, surgical procedures were immediately performed

Fig. 1 Computed tomographic image demonstrating retrobulbar
hemorrhage at the inferior orbital rim after orbital blow-out
fracture repair
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to avoid time delays. Intravenous high-dose steroid
therapy was administered to patients when RBH was
confirmed and best corrected visual acuity remained
above 20/200.
Descriptive statistics were used to analyze demograph-

ics, incidence rates, and follow-up durations. Patients
that developed RBH or did not develop RBH were com-
pared. Continuous variables were analyzed using the
Mann-Whitney U test and categorical variables using
Fisher’s exact test. The analysis was performed using
PASW Statistics Ver. 18 (IBM Software, USA).

Results
Four hundred and twenty-six patients underwent iso-
lated blowout fracture repair at Yeungnam university
medical center from January 2008 through December
2016. The clinical characteristics of the 426 patients that
underwent blowout fracture repair during the 9-year re-
view period are summarized in Table 1.
Times from injury to surgery ranged from 0 days to

276 days with a mean of 22 days (±36 days). Average

fracture size was 11.33 mm (±6mm). Among the 426
study subjects, 148 had an inferior orbital wall fracture,
155 had a medial orbital wall fracture, and 123 had an
inferomedial orbital wall fracture.
Twenty-two complications were reported, of which 5

were RBH (1.2%). Postoperative complications are sum-
marized in Table 2.
In no case did diplopia worsen after surgery. A

summary of surgical and postoperative courses is pro-
vided in Table 3. Among the five RBH patients (the
RBH group), lateral canthotomy and cantholysis were
performed in 3, and sufficient decompression was
achieved in one by needle aspiration only. The other
patient received only high dose steroid treatment dur-
ing hospitalization. Vision returned to normal in all 5
patients.
No significant differences were observed between the

RBH and Control groups with respect to gender, age,
mechanism of injury, location of fracture, size of frac-
ture, or follow-up duration. However, significant inter-
group differences were observed for preoperative
enophthalmos (RBH vs. Control group, 3.6 ± 1.7 mm
versus 1.2 ± 1.3 mm (p = 0.003) (Table 4) and days to
surgery (97.0 ± 80.1 days versus 29.0 ± 253.0 days (p =
0.05), respectively (Table 4).
When eye motility was considered as the sum of duc-

tion limitations in the 4 positions of gaze (supraduction,
infraduction, adduction, and abduction), no significant
intergroup difference was observed between the RBH
and Control groups (− 3.1 ± 5.1 vs. -0.8 ± 1.7, respectively
(p = 0.135)).
Five of the 426 cases involved revision surgery due

to significant enophthalmos or extraocular motility
restriction after previous surgery. The other 421
cases were of primary blowout fracture repair.
Among 5 of the study subjects underwent revision
surgery, 2 were members of the RBH group. In con-
trast, RBH developed in only 3 (0.7%) of the
remaining 421 that underwent primary surgery. The
incidence of RBH after revision surgery was signifi-
cantly higher than that after primary surgery (odds
ratio = 92.9 [95% confidence interval, 11.16–773.23],
p = 0.001).

Table 1 Patient Demographics

Total

Number of patients 426

Gender

Male 324

Female 102

Age

Average 32.8 ± 15.2

Range 6 ~ 78

Mechanism of injury

Assault 130

Traffic accident 34

Sports 87

Slip/Fell down 87

Other accident 88

Location of fracture

Inferior 148

Medial 155

Inferomedial 123

Size of fracture (mm)

Average 11.33 ± 6.00

Range 0.84 ~ 69.64

Preoperative enophthalmos 1.24 ± 1.36

Days to surgery

Average 22.06 ± 35.98

Range 0 ~ 276

Follow-up (months) 5.23 ± 8.42

Table 2 Postoperative complications

Number of patients (%)

RBH 5 (1.2%)

Infection 1 (0.2%)

Implant exposure 1 (0.2%)

CRAOa 1 (0.2%)

Conjunctival granuloma 6 (1.4%)

Epiphora 8 (1.9%)
aCRAO Central retinal artery occlusion
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Discussion
The possibility of permanent visual loss after ocular sur-
gery is a serious concern to operators and patients. This
study was designed to improve understanding of the pre-
vention and treatment of retrobulbar hemorrhage by in-
vestigating the incidence and clinical characteristics of
retrobulbar hemorrhage after orbital fracture repair,
which is the most common type of orbital surgery.
The literature contains limited data on the incidence

of RBH beyond case reports or case series. For RBH due
to trauma, a retrospective review of 1386 facial trauma
patients at a tertiary care trauma center emergency de-
partment reported an overall incidence of 3.6% [11]. A
questionnaire-based review of 269,433 blepharoplasty
cases found that the incidence of RBH was 0.055% and
that of RBH with permanent visual loss was 0.0045% [6].
On the other hand, Gosau et al.in a single center series
(n = 189) of orbital floor fracture repair reported an RBH
incidence of 3.2% [7], whereas S. Lee et al. in a series of
170 patients that underwent orbital reconstruction using

a porous high-density polyethylene implant found RBH
was encountered in one patient (0.6%) [12]. In our 426
case series of orbital wall fracture repair performed at
one academic tertiary referral center by a single surgeon,
5 patients (1.2%) developed postoperative RBH, and all 5
achieved normal visual acuity (20/20).
No specific report has been issued on the risk fac-

tors of postoperative RBH, but some have provided
descriptions of prominent features in the patients. In
a series of 189 orbital floor fractures, Gosau et al. re-
ported that among 6 patients that developed RBH,
three were taking anticoagulants [7]. A multisurgeon
series on orbitotomy (n = 1665) reported that one of 4
patients that lost visual acuity due to RBH had con-
tinued aspirin immediately before and after surgery
[13]. In the present study, all anticoagulant agents
were stopped for a suitable period before surgery.
Considering the risk of RBH, it is important to advise
patients to stop any noncrucial anticoagulants before
blowout fracture repair.

Table 4 Comparison of patients with or without RBH

Patients with RBH Patients without RBH p value*

Number of patients 5 421

Gender 0.344

Male 5 319

Female 0 102

Age

Average 31.6 ± 7.0 32.8 ± 15.3 0.856

Range 21 ~ 40 6 ~ 78

Mechanism of injury 0.277

Assault 2 128

Traffic accident 1 33

Sports 0 87

Slip/Fell down 2 85

Other accident 0 88

Location of fracture 0.744

Inferior 2 146

Medial 1 154

Inferomedial 2 121

Size of fracture

Average 11.4 ± 3.8 11.2 ± 5.2 0.703

Range 5.5 ~ 14.8 0.84 ~ 69.64

Preoperative enophthalmos 3.6 ± 1.7 1.2 ± 1.3 0.003

Days to surgery

Average 97.0 ± 80.1 29.0 ± 253.0 0.05

Range 4 ~ 163 0 ~ 5191

Follow-up (months) 13.9 ± 14.9 5.1 ± 8.3

RBH retrobulbar hemorrhage
* Mann-Whitney U test
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Extensive destruction of the orbital floor associated
with complex midface fracture is another reported fea-
ture of postoperative RBH [7]. In general, extensive frac-
tures are the result of more forceful injury mechanisms
and may result in more severe cranial nerve and direct
muscle injuries and more soft tissue edema [10]. But no
difference in fracture size was observed between our two
study groups. Since this study excluded complex facial
fractures, it is thought that different results from the
previous reports came out.
Regarding time between injury and surgery, despite

surgical difficulties with soft tissue edema, many sur-
geons advocate repair of facial fractures as soon as pos-
sible after injury to optimize aesthetic outcomes [14].
Recently, Scawn RL et al. reported similar complication
rates and good results for early and late orbital fracture
repairs [15]. However, several reports suggest that late
repairs (beyond 2 to 3 months) result in poorer out-
comes [16, 17], but series were relatively small (n = 20,
145, 51 respectively) and no RBH event was reported. In
our study, time from injury to surgery was greater in the
RBH group. Despite conflicting reports on the topic, late
repair of orbital fractures is technically more challenging
due to scarring and adhesion of orbital soft tissues at
fracture site, which may increase the risk of RBH. Gen-
erally, 3 weeks after trauma, nasal mucosa on sinus and
orbital periosteum adhere to each other and are often
difficult to dissect. Moreover, excessive handling often
causes bleeding and requires additional manipulation to
achieve hemostasis.
In this study, preoperative enophthalmos was signifi-

cantly greater in the RBH group. A large amount of pre-
operative enophthalmos usually means a wider fracture
and greater orbital volume expansion. During the early
stage after injury, enophthalmos tends to be undervalued
due to tissue edema and hemorrhage. However, over
time, gradual fibrosis, contraction of orbital contents,
and orbital fat atrophy augment enophthalmos [18–20],
which cautions that attention be paid to the interpret-
ation of preoperative results. In our study, the RBH
group contained a high proportion of secondary repair
patients, which probably made the preoperative
enophthalmos difference appear more prominent.
No significant visual loss was noted after surgeries in

the current study, but several studies have addressed vis-
ual loss after orbital surgery and reported incidences that
vary widely. A single-surgeon series of 1593 orbitotomy
cases for all indications reported an incidence of blind-
ness of 0.44% [21], whereas an article on orbital cavern-
ous hemangiomas reported a vision loss rate of 7% [22].
In recent multicenter series of 1665 orbital surgeries for
all indications, 14 patients (0.84%) experienced postoper-
ative vision loss [13], and in 4 of the 14 patients (0.24%)
vision loss was the result of RBH in fracture repair cases.

According to the report by Gosau et al., described above,
RBH occurred in 6 of 189 subjects (3.2%) and 2 lost vi-
sion (1.06%) [7]. Another report concluded that 48% of
total vision losses after orbital fracture repair were due
to RBH [23].
Management of RBH starts from the prompt detection

of related symptoms such as declining vision,
exophthalmos, ophthalmoplegia, and pupil dilation.
Diagnosis is based on clinical signs and symptoms and
can be confirmed by imaging study. Considering the
benefits of CT in terms of its accurately determining the
location and amount of hematoma, when immediate CT
is possible, it is better to undertake surgery after im-
aging, but if not possible, surgical treatment should not
be delayed. Even a simple bed-side procedure, that is,
direct intra orbital hematoma aspiration with a 23-gauge
needle, can be effective for orbital decompression. In our
study, one of the 5 RBH patients was salvaged by direct
needle aspiration on postoperative rounding. If simple
needle aspiration is ineffective, canthotomy and cantho-
lysis, transseptal orbital incision may be performed.
However, if it is determined that RBH is not severe and
immediate surgical treatment is not necessary, intraven-
ous high dose steroid or mannitol could be given under
careful monitoring.
Several management methods have been suggested to

prevent RBH during and after surgery. During surgery, it
has been suggested that fenestrated implants such as
titanium mesh, or punched alloplastic implant, may re-
duce the risk of RBH-related compartment syndrome by
allowing bleeding from the orbit to adjacent sinuses
[24–26]. In one study, it was suggested that a negative
pressure drainage system using scalp vein set tube be
used for RBH prevention [3]. In our experience, when
excessive manipulation is applied during surgery or
when there is a bleeding tendency, placement of a silas-
tic drainage tube at the surgical site for natural drainage
functions well. Conservative treatment includes avoid-
ance of the semi-Fowler position and Valsalva manipula-
tion, which would increase intra-orbital-pressure, and
application of an icepack are also important aspects of
postoperative care.
Revision blowout fracture repair is technically challen-

ging and is one of the reasons why surgeons hesitate to
operate. In the revision cases, fibrosis and adhesion from
primary fracture repair can increase the risks of compli-
cations. In a study of 13 eyes that underwent secondary
blowout fracture repair after unsatisfactory primary sur-
gery, complications of pupillary obstruction in one and
diplopia in three were encountered after surgery, but no
case of RBH occurred [27]. In the present study, five pa-
tients underwent secondary surgery and RBH developed
in two of the five, despite meticulous hemostasis and
postoperative attention. This observation suggests
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drainage tube insertion during surgery is a good option,
especially in cases of revision surgery.
Delayed orbital hemorrhage following ophthalmic sur-

gery is rare, though a few case reports have been issued
after lid surgery [4, 28, 29]. In our series, RBH timings
ranged from 4 h to 12 days after surgery, which suggests
it is important to hospitalize patients for several days
after blowout fracture repair and to educate patients
about the early symptoms of RBH. Patients and family
members should be trained to test vision at home and
instructed to contact a counselling team when new
symptoms or concerns arise.
The limitations of this study are its retrospective, non-

randomized nature, and limited sample size. Further-
more, the size of this retrospective review prevented the
use of regression analysis to identify risk factors. Never-
theless, we believe data trends justify our making
recommendations.
The present study focused on the occurrence of RBH

and visual acuity outcomes rather than visual field data
or other measures of quality of vision. Thus, “full recov-
ery of visual acuity” as mentioned earlier does not reflect
actual damage of RBH after blowout fracture repair, as
pathologic features such as visual field defects, pupillary
abnormalities, and color vision deficiencies.
In summary, our findings indicate surgeons should pay

more attention to hemostasis and postoperative care in
patients with a large preoperative enophthalmic eye,
when time from injury to surgery is long and in revision
cases. Although it may not be absolutely necessary, pla-
cing of a drainage tube is worthy of consideration. When
RBH occurs, time to intervention and surgical decom-
pression is critical for visual recovery and preventing
blindness. It is important that patients and doctors
should know that time is the most important factor
when RBH occurs, and thus, it is important to establish
a system that allows effective patient-doctor communi-
cation even after discharge.

Abbreviations
RBH: Retrobulbar hemorrhage; CT: Computed tomography

Acknowledgements
Not applicable.

Authors’ contributions
JH Park and JH Son wrote the main manuscript text and I Kim prepared
statistical data. All authors reviewed the manuscript. The author(s) read and
approved the final manuscript.

Funding
This work was supported by the 2019 Yeungnam University Research Grant.

Availability of data and materials
The datasets analyzed during the current study are not publicly available for
confidentiality reasons; nevertheless, the corresponding author will provide
them on reasonable request.

Declarations

Ethics approval and consent to participate
The institutional review board of the Yeungnam university medical center
approved this study (YUMC 2018-11-010), which was conducted in accord
with the Declaration of Helsinki. Patients treated between January 2008 and
December 2016 were eligible for inclusion. Informed consent was obtained
from all subjects or, if subjects are under 18, from a parent and/or legal
guardian.

Consent for publication
Informed consent was obtained from all subjects or, if subjects are under 18,
from a parent and/or legal guardian.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Oculoplasty, Nune Eye Hospital, Daegu, South Korea.
2Department of Ophthalmology, Yeungnam University Medical Center, 317-1,
Daemyung dong, Nam-Gu, Daegu 705-035, South Korea.

Received: 16 December 2020 Accepted: 5 April 2021

References
1. Gilhotra JS, McNab AA, McKelvie P, O’Donnell BA. Late orbital haemorrhage

around alloplastic orbital floor implants: a case series and review. Clin Exp
Ophthalmol. 2002;30(5):352–5. https://doi.org/10.1046/j.1442-9071.2002.
t01-1-00555.x.

2. Susarla SM, Nam AJ, Dorafshar AH. Orbital compartment syndrome leading
to visual loss following orbital floor reconstruction. Craniomaxillofac Trauma
Reconstr. 2016;9(2):152–7. https://doi.org/10.1055/s-0035-1558456.

3. Cheon JS, Seo BN, Yang JY, Son KM. Retrobulbar hematoma in blow-out
fracture after open reduction. Arch Plast Surg. 2013;40(4):445–9. https://doi.
org/10.5999/aps.2013.40.4.445.

4. Teng CC, Reddy S, Wong JJ, Lisman RD. Retrobulbar hemorrhage nine days
after cosmetic blepharoplasty resulting in permanent visual loss.
Ophthalmic Plast Reconstr Surg. 2006;22(5):388–9. https://doi.org/10.1097/
01.iop.0000235500.88819.c8.

5. Lee DW, Hong SW, Kim JH. Unilateral blindness due to retrobulbar
hematoma after lower blepharoplasty. Arch Aesthetic Plast Surg. 2019;25(3):
124–7. https://doi.org/10.14730/aaps.2019.01725.

6. Hass AN, Penne RB, Stefanyszyn MA, Flanagan JC. Incidence of
postblepharoplasty orbital hemorrhage and associated visual loss.
Ophthalmic Plast Reconstr Surg. 2004;20(6):426–32. https://doi.org/10.1097/
01.IOP.0000143711.48389.C5.

7. Gosau M, Schöneich M, Draenert FG, Ettl T, Driemel O, Reichert TE.
Retrospective analysis of orbital floor fractures—complications, outcome,
and review of literature. Clin Oral Invest. 2011;15(3):305–13. https://doi.org/1
0.1007/s00784-010-0385-y.

8. Haggerty H, Richardson S, Mitchell KW, Dickinson AJ. A modified method
for measuring uniocular fields of fixation: reliability in healthy subjects and
in patients with graves orbitopathy. Arch Ophthalmol. 2005;123(3):356–62.
https://doi.org/10.1001/archopht.123.3.356.

9. Dolman PJ, Cahill K, Czyz CN, Douglas RS, Elner VM, Feldon S, et al.
Reliability of estimating ductions in thyroid eye disease: an international
thyroid eye disease society multicenter study. Ophthalmology. 2012;119(2):
382–9. https://doi.org/10.1016/j.ophtha.2011.07.011.

10. Canto AJD, Linberg JV. Comparison of orbital fracture repair performed
within 14 days versus 15 to 29 days after trauma. Ophthalmic Plast Reconstr
Surg. 2008;24(6):437–43. https://doi.org/10.1097/IOP.0b013e31818aac9b.

11. Fattahi T, Brewer K, Retana A, Ogledzki M. Incidence of retrobulbar
hemorrhage in the emergency department. J Oral Maxillofac Surg. 2014;
72(12):2500–2. https://doi.org/10.1016/j.joms.2014.06.457.

12. Lee S, Maronian N, Most SP, Whipple ME, McCulloch TM, Stanley RB, et al.
Porous high-density polyethylene for orbital reconstruction. Arch
Otolaryngol Head Neck Surg. 2005;131(5):446–50. https://doi.org/10.1001/a
rchotol.131.5.446.

Park et al. BMC Ophthalmology          (2021) 21:186 Page 7 of 8

https://doi.org/10.1046/j.1442-9071.2002.t01-1-00555.x
https://doi.org/10.1046/j.1442-9071.2002.t01-1-00555.x
https://doi.org/10.1055/s-0035-1558456
https://doi.org/10.5999/aps.2013.40.4.445
https://doi.org/10.5999/aps.2013.40.4.445
https://doi.org/10.1097/01.iop.0000235500.88819.c8
https://doi.org/10.1097/01.iop.0000235500.88819.c8
https://doi.org/10.14730/aaps.2019.01725
https://doi.org/10.1097/01.IOP.0000143711.48389.C5
https://doi.org/10.1097/01.IOP.0000143711.48389.C5
https://doi.org/10.1007/s00784-010-0385-y
https://doi.org/10.1007/s00784-010-0385-y
https://doi.org/10.1001/archopht.123.3.356
https://doi.org/10.1016/j.ophtha.2011.07.011
https://doi.org/10.1097/IOP.0b013e31818aac9b
https://doi.org/10.1016/j.joms.2014.06.457
https://doi.org/10.1001/archotol.131.5.446
https://doi.org/10.1001/archotol.131.5.446


13. Jacobs SM, McInnis CP, Kapeles M, Chang S-H. Incidence, risk factors, and
management of blindness after orbital surgery. Ophthalmology. 2018;125(7):
1100–8. https://doi.org/10.1016/j.ophtha.2018.01.030.

14. Manson PN, Crawley WA, Yaremchuk MJ, Rochman GM, Hoopes JE, French
JH. Midface fractures: advantages of immediate extended open reduction
and bone grafting. Plast Reconstr Surg. 1985;76(1):1–12. https://doi.org/10.1
097/00006534-198507000-00001.

15. Scawn RL, Lim LH, Whipple KM, Dolmetsch A, Priel A, Korn B, et al.
Outcomes of orbital blow-out fracture repair performed beyond 6 weeks
after injury. Ophthalmic Plast Reconstr Surg. 2016;32:296–301.

16. Converse JM, Smith B, Obear MF, Wood-Smith D. Orbital blowout fractures:
a ten-year survey. Plast Reconstr Surg. 1967;39(1):20–36. https://doi.org/10.1
097/00006534-196701000-00002.

17. Hawes MJ, Dortzbach RK. Surgery on orbital floor fractures. Influence of
time of repair and fracture size. Ophthalmology. 1983;90(9):1066–70. https://
doi.org/10.1016/S0161-6420(83)80049-9.

18. Kashkouli MB, Pakdel F, Sasani L, Hodjat P, Kaghazkanani R, Heirati A. High-
density porous polyethylene wedge implant in correction of enophthalmos
and hypoglobus in seeing eyes. Orbit. 2011;30(3):123–30. https://doi.org/1
0.3109/01676830.2011.558971.

19. Kolk A, Pautke C, Schott V, Ventrella E, Wiener E, Ploder O, et al. Secondary
post-traumatic enophthalmos: high-resolution magnetic resonance imaging
compared with multislice computed tomography in postoperative orbital
volume measurement. J Oral Maxillofac Surg. 2007;65(10):1926–34. https://
doi.org/10.1016/j.joms.2006.06.269.

20. Hamedani M, Pournaras J-AC, Goldblum D. Diagnosis and management of
enophthalmos. Surv Ophthalmol. 2007;52(5):457–73. https://doi.org/10.1016/
j.survophthal.2007.06.009.

21. Bonavolontà G. Postoperative blindness following orbital surgery. Orbit.
2005;24(3):195–200. https://doi.org/10.1080/01676830500192092.

22. Harris GJ, Jakobiec FA. Cavernous hemangioma of the orbit. J Neurosurg.
1979;51(2):219–28. https://doi.org/10.3171/jns.1979.51.2.0219.

23. Girotto JA, Gamble WB, Robertson B, Redett R, Muehlberger T, Mayer M,
et al. Blindness after reduction of facial fractures. Plast Reconstr Surg. 1998;
102(6):1821–34. https://doi.org/10.1097/00006534-199811000-00003.

24. Farber SJ, Yu JL, Nguyen DC, Woo AS. Fenestration of solid orbital implants:
reducing retrobulbar hematoma rate. J Craniofac Surg. 2017;28(1):248–9.
https://doi.org/10.1097/SCS.0000000000003238.

25. Kirby EJ, Turner JB, Davenport DL, Vasconez HC. Orbital floor fractures:
outcomes of reconstruction. Ann Plast Surg. 2011;66(5):508–12. https://doi.
org/10.1097/SAP.0b013e31820b3c7a.

26. Peng MY, Merbs SL, Grant MP, Mahoney NR. Orbital fracture repair
outcomes with preformed titanium mesh implants and comparison to
porous polyethylene coated titanium sheets. J Craniomaxillofac Surg. 2017;
45(2):271–4. https://doi.org/10.1016/j.jcms.2016.11.020.

27. Kim JS, Lee BW, Scawn RL, Korn BS, Kikkawa DO. Secondary orbital
reconstruction in patients with prior orbital fracture repair. Ophthal Plast
Reconstr Surg. 2016;32(6):447–51. https://doi.org/10.1097/IOP.
0000000000000591.

28. Grumbine FL, Deparis SW, Kersten RC, Vagefi MR. Delayed periocular
hemorrhage after upper blepharoplasty. Orbit. 2015;34(2):103–5. https://doi.
org/10.3109/01676830.2014.950294.

29. Cruz AA, Andó A, Monteiro CA, Elias J. Delayed retrobulbar hematoma after
blepharoplasty. Ophthalmic Plast Reconstr Surg. 2001;17(2):126–30. https://
doi.org/10.1097/00002341-200103000-00010.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Park et al. BMC Ophthalmology          (2021) 21:186 Page 8 of 8

https://doi.org/10.1016/j.ophtha.2018.01.030
https://doi.org/10.1097/00006534-198507000-00001
https://doi.org/10.1097/00006534-198507000-00001
https://doi.org/10.1097/00006534-196701000-00002
https://doi.org/10.1097/00006534-196701000-00002
https://doi.org/10.1016/S0161-6420(83)80049-9
https://doi.org/10.1016/S0161-6420(83)80049-9
https://doi.org/10.3109/01676830.2011.558971
https://doi.org/10.3109/01676830.2011.558971
https://doi.org/10.1016/j.joms.2006.06.269
https://doi.org/10.1016/j.joms.2006.06.269
https://doi.org/10.1016/j.survophthal.2007.06.009
https://doi.org/10.1016/j.survophthal.2007.06.009
https://doi.org/10.1080/01676830500192092
https://doi.org/10.3171/jns.1979.51.2.0219
https://doi.org/10.1097/00006534-199811000-00003
https://doi.org/10.1097/SCS.0000000000003238
https://doi.org/10.1097/SAP.0b013e31820b3c7a
https://doi.org/10.1097/SAP.0b013e31820b3c7a
https://doi.org/10.1016/j.jcms.2016.11.020
https://doi.org/10.1097/IOP.0000000000000591
https://doi.org/10.1097/IOP.0000000000000591
https://doi.org/10.3109/01676830.2014.950294
https://doi.org/10.3109/01676830.2014.950294
https://doi.org/10.1097/00002341-200103000-00010
https://doi.org/10.1097/00002341-200103000-00010

	Abstract
	Background
	Method
	Result
	Conclusions
	Trial registration

	Introduction
	Methods
	Results
	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

