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Sinogenic Orbital Complications
Hans J. Welkoborsky, Susanne Pitz, Sylvia Grass, Boris Breuer,  
Anja Pähler vor der Holte, Oliver Bertram, Burkhard Wiechens

T he term “orbital complication” does not designate 
an independent nosological entity but is rather a col-
lective designation for diseases or disease effects 

that involve the orbit and its internal structures by exten-
sion from outside (1). Their cardinal symptom is unilat-
eral swelling of the orbital soft tissues. 

The most common cause of orbital complications 
is an acute sinusitis, with children being more com-
monly affected than adults (2). Between 4 and 20% of 
acute sinusitis cases develop complications, of which 
between 74 and 85% involve the orbit (2). The more 
frequent occurrence in children is partly due to the 
fact that their bone growth is not yet complete and the 
still open cranial sutures are predilection sites for in-
flammatory spread (3). The ethmoid cells are already 
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present at birth, so sinusitis can also occur in infancy 
(4).

Apart from acute sinusitis, a number of other dis-
eases may also invade the orbit. Depending on their 
cause, orbital complications can lead to further dis-
turbances within a very short time, such as reduction 
or loss of visual acuity, restricted ocular motility, or 
intracranial complications. Accurate case history and 
examination, knowledge of pathogenesis and therapy, 
and interdisciplinary collaboration, especially be-
tween otolaryngology, ophthalmology, pediatrics, 
oral and maxillofacial surgery, and radiology, are cru-
cial for correct diagnosis and successful cure.

The present review covers sinogenic orbital com-
plications, their diagnosis, differential diagnosis, and 
therapy. 

Basic anatomical principles
The orbit is a bony compartment. Rises in pressure, 

for example after hemorrhage or secondary to inflam-
mation, can only be transmitted anteriorly to a limited 
extent (5). 

Topographically, the orbit is divided into an extra-
conal and an intraconal space. The intraconal space 
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comprises the region between/within the extraocular 
muscles. The extraconal space is situated outside the 
musculofascial cone and is divided into a preseptal 
and a postseptal region. In adults, more than 60% of 
the orbital wall area is adjacent to the paranasal 
 sinuses (5) (Figure 1).

Pathogenesis of sinogenic orbital complications
Inflammatory sinogenic orbital complications usually 
arise from an ethmoid or maxillary, less commonly 
from a frontal, sinusitis (6, 7). In children, too, the eth-
moid cells are usually the starting point. The disease is 
milder in children under two years of age than in older 
ones (8, 9). 

Few data are available regarding incidence. This is 
due to the fact that it is not a separate and clearly de-
fined nosological entity. According to information ob-
tained from the Federal Statistical Office (D-Statis; 
www.destatis.de, request 04. 10. 2021), 6647 patients 
were hospitalized in Germany in 2016 for acute sinus-
itis (ICD group J01) and 1905 patients for acute affec-
tion of the orbit (ICD group H05), of whom 670 
(35%) were children under 15 years of age. According 
to a study of hospitalized cases in Scotland, the inci-
dence of sinogenic orbital complications is 1.6/100 
000 in children and 0.1/100 000 in adults (10). Analy-
sis of cases identified in the Kids’ Inpatient Database 
revealed that 15 260 children were hospitalized with 
orbital sinogenic complications in the United States 
between 2003 and 2012 (11). An analysis from the 
same source showed a decrease in children hospital-
ized for acute rhinosinusitis from 8312 to 5592 be-
tween 2006 and 2016, but orbital complications in-
creased from 8.9% to 19.3% in these children (12). A 
cohort study conducted in Sweden reported an inci-
dence of acute rhinosinusitis in children under 18 
years of age of 7.8/100 000 (9.2 in boys and 6.2 in 
girls). Thirty-four percent of these children had an 

 orbital complication (13). Zhao et al. report similar 
figures after a systematic review of the literature (14).

Streptococcus species are among the most com-
monly detected pathogens, followed by Hemophilus 
influenzae and Staphylococcus strains (14–17, 
e1–e3). Anaerobic and alpha-hemolytic streptococci 
are the pathogens usually identified in odontogenic 
sinusitis with a subsequent orbital complication (18). 

Bony sites of predilection for inflammatory spread 
are the lamina papyracea and the floor of the frontal 
sinus. Anatomic variants can promote inflammatory 
spread (8, 18). 

Inflammation in the paranasal sinuses increases 
pressure in the venous anastomoses between the eth-
moid veins and the superior ophthalmic vein (valve-
less veins of Brechet). Venous blood flow increases 
towards the orbit. Bacterial toxins may lead to direct 
damage of the optic nerve, or there may be a spread of 
inflammation toward the cavernous sinus (e4, e5). In 
addition, activation of an inflammatory cascade leads 
to an increase in pressure, resulting in exophthalmos 
and facultative optic neuropathy (19). And finally, 
large parts of the orbital contents consist of relatively 
loose adipose tissue that does not present a barrier to 
the spread of inflammatory changes.  

Classification
As regards inflammatory causes, sinogenic orbital 
complications must be distinguished from other inflam-
matory diseases. The latter may spread to the orbit 
(e.g., odontogenic focus), originate in the orbit itself 
(e.g., dacryocystitis), or be the result of facial trauma 
with or without a foreign body (20). Unilateral orbital 
swelling is the cardinal symptom. The case history is 
often already suggestive, revealing whether the process 
developed gradually, whether sinusitis, rhinitis, or an 
inflammatory disease of the teeth or jaw was present, or 
whether a trauma or an operation preceded it. 

Sinogenic orbital complications progress in various 
phases. A number of classifications have been pub-
lished (4, 20–22). The term “orbital cellulitis”, often 
used in clinical terminology for all inflammations in-
volving the orbit, is misleading. First, a distinction 
must be made between preseptal (approximately 70% 
of cases) and postseptal inflammation (approximately 
25% of cases). Preseptal inflammation involves the 
eyelid region and does not affect internal structures of 
the orbit. Postseptal inflammation is considerably 
more serious. If left untreated, preseptal inflammation 
can also spread to the postseptal parts of the orbit (23) 
(Table 1).

Because the cavernous sinus belongs anatomically 
to the intracranial structures, sinus cavernosus throm-
bosis is an intracranial complication and not an orbital 
complication in its strict sense (5, e6). Therefore, and 
for clinical practicality, existing classifications have 
been modified to a certain extent (1, 20) (Table 2).

Stages I and II account for approximately 75–80% 
of sinogenic orbital complications (24) (Figure 2). 
The location of a subperiosteal abscess provides an 

Figure 1: Proximity of the orbit to the paranasal sinuses (taken from [5], reprinted with kind 
permission of © Thieme Group)
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indication of which paranasal sinus can be considered 
its point of origin (e7). It is usually not possible 
 clinically to distinguish between periostitis and a sub-
periosteal abscess. Computed tomography (CT) or 
magnetic resonance imaging (MRI) is required here. 

A staging classification for children is more diffi-
cult than for adults. In stage I the eye is often already 
swollen shut and can only be opened passively, while 
in stage III reduced visual acuity and double vision 
may also occur. 

An orbital abscess or subperiosteal abscess may 
progress to orbital cellulitis. Pus may breach the ab-
scess membrane and cause diffuse infiltration of the 
internal orbital structures with spread to the adipose 
tissue, intraorbital muscles, and nerve structures. This 
can result in neuritis of cranial nerves II, III, IV, and 
VI with subsequent ophthalmoplegia and reduced vis-
ual acuity, progressing even to amaurosis (orbital 
apex syndrome). Due to the obstruction of venous 
outflow, the bulb clinically appears taut, with signifi-
cant exophthalmos and chemosis. The eye can only be 
opened passively under pain, ocular motility is ab-
sent, and the pupillary light reaction and convergence 
response can no longer be elicited (25). According to 
meta-analyses, intracranial complications occur in 
 approximately 10% of all patients with an orbital 
complication, and amaurosis develops in 2–12%, with 
the risk of loss of visual acuity increasing with pro-
gression of stage (6, 26–28, e7–e9). 

Diagnostic investigations
The diagnostic work-up is an interdisciplinary task 
involving otolaryngology (ENT), ophthalmology, 
pediatrics, oral and maxillofacial surgery, radiology, 
and possibly other specialties. The parents should be 
involved where children are concerned. The first 

clue is a medical history of acute rhinitis in the past. 
The cardinal symptom of an orbital complication is 
unilateral swelling of the orbital soft tissues with 
proptosis. 

In a case-control study of 43 patients, multivariate 
logistic regression showed a positive association of 
ethmoid sinusitis with orbital complications (odds 
ratio [OR] 31.1; 95% confidence interval: [2.3; 
430.6]) (26). In this study, a shorter duration of symp-
toms was associated with a higher risk of orbital com-
plications (OR 0.9 [0.8; 0.9]). In a retrospective study 
of 83 patients, ethmoid sinusitis was diagnosed as the 
source of infection in 75.6% and maxillary sinusitis in 
81.7% (28).

Loss of visual acuity to initially <20/200 and an af-
ferent defect are considered prognostically unfavor-
able with respect to recovery of visual acuity (27, 29), 
as is inflammation-related central retinal artery occlu-
sion (30).

CT is considered the gold standard in the diag-
nostic workup and for determining the extent of orbi-
tal complication (6, e10). This also allows an abscess 
to be detected and its size estimated (e11) (Figure 3). 
A meta-analysis involving more than 1100 patients 
aged up to 18 years showed that restricted ocular mo-
tility occurred in about 46% of cases, proptosis in 
44%, and fever in 35% (16). Staphylococcus aureus 
was the most commonly isolated pathogen. These 
findings are considered indicative of a sinogenic orbi-
tal complication (16, 28). Fatal courses have also 
been reported in isolated cases (31). Apart from acute 
sinusitis, odontogenic infection is the most common 
cause, usually originating from the roots of the first 
molars (18, 32). A skin infection is the cause of an or-
bital complication in 15.2% (27) and dacryocystitis in 
13.6% of cases (27). 

TABLE 1

Clinical characteristics of preseptal and postseptal orbital inflammation (taken from 20)

Clinical symptom

Eyelid swelling

Periorbital erythema

Globe protrusion

Ocular motility / diplopia

Painful reduced eye movements

Orbital pain / pressure

Visual acuity

Pupillary reaction

Chemosis: edema and hyperemia of the conjunctiva

Corneal sensation

Fundoscopy

Systemic symptoms (e.g., fever; general weakness)

Preseptal inflammation

yes

yes

no

normal/no

no

no

perserved

normal

rare

normal

normal

mild to absent

Postseptal inflammation

yes

yes

incipient

restricted/possibly yes

yes

yes

possibly reduced

possibly pathological (relative afferent pupillary defect)

common

possibly  restricted

possible  pathological findings, e.g., congestion of retinal veins; 
blurred optic disc margins

common
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In an analysis of data from 125 children with 
 unilateral swelling of the orbital soft tissues in our 
own patient population, a sinogenic orbital compli-
cation was found in 38.4%, followed by skin infec-
tions (16.8%), dacryocystitis (12%), conjunctivitis 
(9.6%), and odontogenic causes (5%). These findings 
confirm the results of previous studies (33).

Based on the presented studies and clinical experi-
ence, the following recommendations for diagnostic 
measures are presented:  
● Examination by an ENT specialist with endoscopy 

of the nasal cavity
● Examination by an ophthalmologist with  
 – assessment of visual acuity
 – examination of pupillomotor function
 – examination of the anterior and posterior 

 segments of the eye
 – assessment of the field of vision, of exophthal-

mos using the Hertel method, intraocular 
pressure and eye motility

● CT or digital volume tomography (DVT) of the 
paranasal sinuses and the orbit, consider ultra-
sound 

● Blood sampling to determine inflammatory par-
ameters, including C-reactive protein and possibly 
procalcitonin (fever, elevated CRP levels and pus 
in the middle nasal passage are indicative of a si-
nogenic focus, especially in children [33])

● A swab sample should be taken for microbiologi-
cal examination in the presence of pus in the nasal 
cavity.

Treatment
No randomized controlled trials of therapy have been 
published to date. The literature usually contains case-
control studies or meta-analyses with level of evidence 
grades between IIa and IV. Inpatient management is in-
dicated for sinogenic orbital complications. The 
 question of whether a conservative or surgical course of 
action is indicated is significantly determined by the 
clinical symptoms, the type of previous treatment, and 
the stage of the disease (24). According to a meta-
analysis by Zhao et al (14), the proportion of pediatric 
patients requiring surgery has decreased from 45.2% in 
studies published before 2010 to 21.7% in subsequent 
years. 

Conservative therapy is largely the same as for 
acute sinusitis, i.e., involving decongestant measures, 
for example, with nasal sprays containing 0.1% xylo-
metazoline to reduce edematous obstruction of the 
sinus ostia (e12, e13). 

Broad-spectrum penicillins, such as ampicillin 
and sulbactam, are drugs of first choice; alter-
natively, a third-generation cephalosporin may be 
given in combination with metronidazole (34, e13), 
and clindamycin may be given in cases of penicillin 
allergy (34).

TABLE 2

Clinical symptoms of the individual stages of orbital complications of sinusitis 

Stage

I

II

III

IV

V

Description

Preseptal edema/ 
eyelid edema

Orbital periostitis

Subperiosteal abscess

Orbital abscess

Orbital cellulitis/ 
 orbital apex syndrome

Clinical symptoms

unilateral upper and/or lower eyelid swelling; confined to the preseptal region; unrestricted 
ocular motility, not painful; preserved visual acuity, normal pupillary reaction; active eye open-
ing usually possible; no globe protrusion; only mild or moderate chemosis

unilateral upper and/or lower eyelid swelling; erythema; ocular motility painful and restricted, 
but possible; exophthalmos; only passive opening of eyelids possible; significant chemosis; 
pupillary reaction and visual acuity still preserved

unilateral upper and/or lower eyelid swelling; erythema; painful restriction of ocular motility; 
 diplopia; exophthalmos; only passive opening of eyelids possible; pupillary reaction and visual 
acuity still preserved;  significant chemosis

unilateral, progressively taut, upper and/or lower eyelid swelling; erythema; painful restriction 
of ocular motility; incipient reduction of visual acuity; exophthalmos; only passive opening of 
eyelids possible; diplopia; pupillary reaction still preserved

unilateral taut upper and/or lower eyelid swelling; loss of ocular motility due to paralysis of 
cranial nerves III, IV and VI (internal and external ophthalmoplegia); reduction of visual acuity 
to the point of amaurosis; pupillary response (light reflex and convergence reaction) usually 
absent; considerable chemosis; exophthalmos

Figure 2: Patient with an orbital complication secondary to acute right 
ethmoid sinusitis associated with considerable swelling of the orbital 
soft tissues.
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Antibiotic therapy should be administered 
 intravenously because of the better and faster 
 bioavailability of antibiotics in the walls of the para-
nasal sinuses and in the orbital soft tissues (35). 

In stage I (= periseptal edema) and II (= periostitis) 
disease without previous antibiotic treatment, conser-
vative therapy with close monitoring of the patient is 
usually sufficient (2, 35). If progression occurs within 
24 hours of therapy (loss of visual acuity; restricted 
ocular motility; exophthalmos), CT or digital vol-
umetric tomography (DVT) of the paranasal sinuses 
followed by surgical intervention is indicated (6). In 
children, the indication for CT is particularly restric -
tive because of radiation exposure with subsequent 
potential complications. The latest generation of CT 
scanners and DVT are associated with significantly 
lower radiation exposure (e14–e17). 

In stages III (= subperiosteal abscess), IV (= orbital 
abscess), and V (= orbital cellulitis with orbital apex 
syndrome), immediate surgical intervention is indi-
cated in addition to the administration of antibiotics. 

The indication for surgery is also based on abscess 
size (2, 16, 27, e9, e11), with extensive abscesses with 
a volume of >1500 mm3 or an extension of >4 mm 
 always requiring surgical drainage (OR: 3.66 [2.40; 
5.44]) (16, 27, e9). Proptosis and gaze restriction 
were also predictors of surgery (OR: 1.65 [1.29; 2.12] 
and relative risk [RR] 1.9 [1.2; 3], respectively) (16). 
In a meta-analysis by Adil et al, half of the included 
patients required surgical drainage (16). 

In 55 children and adolescents with orbital 
 complications secondary to acute rhinosinusitis, 
retrospective evaluation showed that pharmacologic 
intervention alone was sufficient in 60% of cases, 
whereas drainage was required in 40%. Seven pa-
tients  developed complications, which healed un -
eventfully in six. The average stay in hospital was 
8±5  days. Six patients developed recurrence of infec-
tion (around 11%) (6).

Additional subcutaneous administration of heparin 
(for example, enoxaparin, based on body weight) is 
recommended in adults for prevention of sinus vein 

Figure 3a: Computed tomography depicting a right subperiosteal abscess, originating from an ethmoid sinusitis in a 7-year-old child. Gas inclu-
sions are evident within the abscess.

Figure 3b: Coronal computed tomography section of a 10-year-old boy with an abscess located in the cranio-lateral orbit, originating from a right 
frontal sinusitis. (Reprint of the two images with kind permission of Dr. J. Weidemann, Department for Pediatric Radiology and Ultrasound of the 
Pediatric Hospital auf der Bult, Hanover, Germany).
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thrombosis, with the possible administration of gluco-
corticoids (for example, prednisolone 100 mg/die) for 
several days (1, 20).

Surgical procedures center on endonasal access 
routes involving minimally invasive endonasal endo-
scopic surgical approaches (24, 36). They have been 
shown to be effective, safe, and have a low compli-
cation rate (36, 37). The initial step involves endona-
sal ethmoid surgery. The lamina papyracea is 
 removed and the periorbita incised. In the presence of 
a subperiosteal abscess, pus now discharges into the 
ethmoid (e9). In the case of an intraorbital abscess, 
the orbital soft tissues are further dissected until the 
abscess can be drained. If the abscess is located in the 

cranial and lateral regions, external drainage may also 
be necessary via an anterior orbitotomy or via a 
 lateral orbitotomy (24, 36, e7, e12). The external 
 approaches have the disadvantage of scarring with 
possible persistent paresthesia. The use of a com-
puterized navigation system is useful for precise lo-
calization. Complications of the endonasal approach 
are rare, occurring in 0.36–3% of cases (e18), of 
which postoperative bleeding and loss of smell are the 
most common (approx. 1% of cases). Injury to the 
base of the skull with subsequent CSF leakage (<1%) 
and blindness from iatrogenic optic nerve injury have 
been reported (0.15%) (38, e18–e20). In addition, re-
current abscess formation in the orbital soft tissues 
may occur in up to 17% of cases, requiring multiple 
surgical procedures (11, 15, e19). 

The differential diagnoses are numerous (3, 
e21–e25) and demonstrate the complexity of unilat-
eral orbital swelling, the diagnosis and therapy of 
which are always interdisciplinary (Table 3).

Recommendations for clinical practice
Orbital complications are diseases with potentially seri-
ous consequences for the eye, even to the extent of 
blindness and the risk of intracranial complications 
with thrombosis of the cavernous sinus, meningitis or 
brain abscess. Unilateral orbital swelling is the cardinal 
symptom. Approximately one third of orbital swellings 
are due to a sinogenic orbital complication. Any sus-
pected sinogenic orbital complication requires hospital 
admission and treatment to be able to react immediately 
in the event of deterioration. 

In 95–98% of cases, complete and uncompli-
cated healing is to be expected in stages I–IV. Even 
pre operative impairment of visual acuity usually 
 recovers (24, 39). However, prognosis in terms of 
function is worse with orbital apex syndrome, pre-
operative visual acuity of <20/200, intracranial 
spread of inflammation, and afferent defect (27, 28, 
40). Approximately 15% of patients who undergo 
surgical management require more than one 
 surgical  procedure (11, 15). A few studies reported 
long-term effects with neurological complications 
(e26).
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Questions on the article in issue 3/2022:
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The submission deadline is 20 January 2023. Only one answer is possible per question. 
Please select the answer that is most appropriate.

Question 1
What is the incidence of sinogenic orbital complications 
in children? 
a) 0.01/100 000
b) 0.6/100 000
c) 1.6/100 000
d) 5.3/100 000
e) 16.1/100 000

Question 2
What is the most common cause of orbital compli-
cations?  
a) Acute sinusitis
b) Acute conjunctivitis
c) Active labial herpes
d) Acne vulgaris
e) Erysipelas

Question 3
What is the term for the space within the orbit that is 
 outside the extraocular muscles?  
a) Intraconal space
b) Peribulbar space
c) Interconal space
d) Extraconal space
e) Extrabulbar space

Question 4
Which sinuses are most often the origin of sinogenic 
 orbital complications in the adult patient? 
 
a) Frontal and maxillary sinuses
b) Sphenoid and maxillary sinuses
c) Frontal and sphenoid sinuses
d) Ethmoid or maxillary sinus
e) Ethmoid and frontal sinuses

Question 5
What clinical symptom typically occurs in preseptal 
 inflammation?  
a) Impairment of visual acuity
b) Reduced pupillary reaction
c) Orbital pain
d) Globe protrusion
e) Eyelid swelling

Question 6
Which cerebral sinus is particularly susceptible to disseminated inflam-
mation from the orbital area?
a) Inferior petrosal sinus
b) Cavernous sinus 
c) Transverse sinus
d) Straight sinus
e) Superior sagittal sinus

Question 7
Orbital complications can have dental root inflammation as a starting point. 
Which tooth is then usually the point of origin? 
a) Canine
b) First premolar
c) Second premolar
d) First molar
e) Second molar

Question 8
What is the medication of first choice for conservative management of 
 orbital complications?
a) Oral clindamycin 
b) Intravenous broad-spectrum penicillin
c) Broad-spectrum penicillin as a nasal spray
d) Clindamycin as a nasal spray
e) Oral metronidazole

Question 9
In what percentage of cases can complete and uneventful healing be 
 expected in stages I-IV of orbital complications of sinusitis? 
a) 25–37%
b) 48–53%
c) 65–73%
d) 75–85%
e) 95–98%

Question 10
Approximately what percentage of patients operated on for orbital compli-
cations must undergo at least one additional surgical procedure? 
a)  1%
b)  5%
c) 10%
d) 15%
e) 25%
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