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Orbital Exenteration

Raymond I. Cho and Alon Kahana

 Introduction

Orbital exenteration is defined as the surgical excision of the 
ocular globe, orbital soft tissues, and ocular adnexa. Total 
exenteration entails removing the orbital contents in their 
entirety, whereas a subtotal exenteration spares some portion 
of the posterior orbital soft tissues. In extended exenteration, 
removal of bone and/or adjacent structures is also performed. 
Because the operation results in permanent vision loss and 
significant facial deformity, it is usually reserved for the 
treatment of life-threatening or progressively destructive dis-
ease processes, such as high-grade or advanced malignancies 
or invasive infections. In cases where exenteration is con-
templated, consideration should be given to management 
alternatives, including medical therapy and chemotherapy, 
radiation therapy, or observation.

Georg Bartisch, the father of German ophthalmology, is 
credited with performing the first exenteration procedure and 
described it in his 1583 textbook. In that operation, much of 
the contents of the orbit were removed, and the eyelids were 
preserved. The lack of anesthesia, blood replacement, antibi-
otics, and sterile surgical techniques made the operation and 
follow-up, at best, a significant risk and challenge for patient 
and surgeon. Present-day surgical techniques and preopera-
tive and postoperative management make the operation one 
with a more acceptable rate of morbidity and mortality.

As a result of modern advances in the diagnosis and treat-
ment of orbital disease, the need for exenteration has become 
less frequent. Computed tomography (CT) and magnetic 
resonance imaging (MRI) have become invaluable tools in 

the diagnosis and surveillance of orbital tumors and disease 
processes, and positron emission tomography (PET) [1] is 
also becoming more widely utilized. Alternative treatment 
strategies have also emerged for many tumors and disease 
processes which historically would have led to exenteration 
[2]. For example, exenteration was once considered standard 
treatment for orbital rhabdomyosarcoma, but tremendous 
advances in chemotherapy and radiation therapy over the 
past several decades have greatly reduced the need to resect 
this malignancy in such an aggressive manner [3]. Uveal 
melanoma with extrascleral extension was, at one time, a fre-
quent cause for exenteration, but alternative treatments such 
as brachytherapy and modified enucleation have become 
more commonly favored [4]. Orbital mucormycosis and 
aspergillosis have also, in the past, been thought to necessi-
tate exenteration but are now often treated with globe- sparing 
approaches such as surgical debridement with frozen section 
control, systemic and intraorbital antifungal therapy, hyper-
baric oxygen therapy, and treatments aimed at boosting the 
patient’s immune system [5–9]. Nonetheless, despite these 
advances, the occasion still arises for which exenteration is 
the most effective means of controlling orbital disease, 
extending patient survival, or improving quality of life.

 Indications for Orbital Exenteration

The indications for orbital exenteration include the 
following:

 1. Malignant primary orbital tumors
 2. Malignant eyelid or ocular adnexal tumors with orbital 

invasion
 3. Malignant secondary orbital tumors invading from the 

paranasal sinuses or cranium
 4. Malignant intraocular tumors with extrascleral extension
 5. Life-threatening invasive orbital infections
 6. Severe trauma or orbital contracture

53

R. I. Cho 
Ophthalmic Plastic and Reconstructive Surgery, The Ohio State 
University Wexner Medical Center, Department of Ophthalmology 
and Visual Science, Columbus, OH, USA 

A. Kahana (*) 
Consultants in Ophthalmic and Facial Plastic Surgery,  
Southfield, MI, USA
e-mail: akahana@facialworks.com

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-41720-8_53&domain=pdf
https://doi.org/10.1007/978-3-030-41720-8_53#DOI
mailto:akahana@facialworks.com


860

 7. Massive or debilitating benign tumors of the orbit
 8. Congenital deformities of the eye and orbit

This list, while not all-inclusive, accounts for the vast 
majority of conditions for which exenteration is performed.

Malignant tumors are the most common indication for 
orbital exenteration [10–16]. Examples include basal cell 
carcinoma, squamous cell carcinoma, melanoma (eyelid, 
conjunctival, and uveal), sebaceous cell carcinoma, adenoid 
cystic carcinoma, sarcoma, and retinoblastoma. In general, 
indolent tumors such as basal cell carcinoma only require 
exenteration if they have grown to such a size or invaded 
orbital tissues to such an extent that complete resection with 
clear margins cannot be accomplished without sacrificing 
the globe or its supporting structures [17]. However, the 
long-term prognosis after exenteration with clear margins is 
generally good. By contrast, high-grade malignancies such 
as adenoid cystic carcinoma often prompt exenteration even 
when the tumor size is relatively small, in an effort to 
decrease the risk of metastasis and improve patient survival 
[18]. Unfortunately, tumor recurrence or metastasis can still 
occur after exenteration in far too many cases, even with the 
use of adjunctive radiation and chemotherapy [19]. 
Consequently, the decision to treat any orbital malignancy 
must take into account its histologic type and natural history, 
tumor size and stage, the current status of the globe and 
visual function, overall patient health along with any comor-
bidities, and the expectations of the patient and family. 
Exenteration will not improve survival for orbital malignan-
cies with known metastasis but, in selected cases, may pro-
vide palliation and improved quality of life. The importance 
of definitive histopathologic diagnosis from permanent sec-
tions before committing to exenteration cannot be overem-
phasized. This operation should never be performed on the 
basis of clinical impression or pathologic frozen sections.

Benign orbital tumors are rarely the cause for exentera-
tion. Even in the case of massive congenital teratomas, it is 
sometimes possible to perform a globe-sparing resection and 
achieve a satisfactory aesthetic outcome [20]. However, the 
operative risks incurred by such a strategy must be taken into 
account, particularly when a neurosurgical approach is con-
sidered. Disfigurement, intractable pain, or intracranial 
extension are other potential factors which might lead one to 
consider exenteration for a benign tumor or inflammatory 
process [21–23].

Significant controversy and practice variation exist 
regarding exenteration for invasive orbital fungal infections. 
Because of the potential mortality from intracranial spread 
of organisms such as Mucorales and Aspergillus, aggressive 
surgical debridement of all infected tissue is widely accepted 
as an important component of treatment [24]. However, sub-
total or total exenteration has not been definitively shown to 
improve the chance of survival in these patients, and no prac-

tical guidelines or predictive features have been identified to 
indicate which patients might benefit from exenteration [25]. 
Extensive counseling of the patient and family members is 
required, taking into account all clinical, emotional, and psy-
chosocial factors during the decision-making process.

Periocular necrotizing fasciitis is a rare but potentially 
fatal infection which is usually caused by group A 
β-hemolytic Streptococcus. Systemic antibiotic therapy and 
subcutaneous debridement of involved tissue can sometimes 
spare the patient’s globe and life, but exenteration may be 
necessary if orbital invasion is present [26].

Severe trauma resulting in loss of a significant portion of 
the orbital bone and/or soft tissues may necessitate some 
form of exenteration when orbital reconstruction is impossi-
ble. However, trauma of such severity is uncommon and 
often nonsurvivable, and every attempt should be made to 
salvage any remaining periocular and orbital tissues, how-
ever severely traumatized, before resorting to exenteration. If 
severe orbital contracture results from trauma or prior sur-
gery, exenteration may be indicated to rehabilitate the orbit 
[27]. The suboptimal aesthetic results of this procedure must 
be kept in mind when considering treatment options for these 
patients. The effectiveness of exenteration for the treatment 
of chronic pain in anophthalmic sockets has not been clearly 
demonstrated.

 Preoperative Evaluation and Planning

It goes without saying that a complete ocular examination is 
essential in the preoperative evaluation of the exenteration 
patient. The effects of the orbital process on the patient’s 
vision, ocular motility, globe position, and eyelids and ocular 
adnexa should be clearly documented. Other possible perti-
nent findings include facial abnormalities, lymphadenopa-
thy, signs of lacrimal outflow obstruction, or sensory deficit 
in the distributions of the ophthalmic (V1) or maxillary (V2) 
divisions of the trigeminal nerve. Malignancies with the 
potential for metastatic spread must undergo a complete met-
astatic workup. In certain cases, such as with periocular mel-
anoma or sebaceous cell carcinoma, sentinel lymph node 
biopsy may provide useful information in guiding the 
patient’s management [28, 29]. In most cases, CT or MRI 
images of the orbit have already been obtained during the 
initial evaluation of the orbital process in question, and these 
studies can provide information which is invaluable both 
preoperatively and intraoperatively. In particular, evidence of 
extraorbital extension of tumor or disease should be noted, as 
this may necessitate additional resection of bone and adja-
cent structures. In cases where resection of tissue adjacent to 
or invading the sinuses or cranial vault is anticipated, col-
laboration with other specialists such as otolaryngologists or 
neurosurgeons is useful, and even essential. This is  especially 
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important when considering an extraorbital surgical route, 
such as transnasal or transcranial. An example of a tumor 
commonly requiring transcranial exenteration is adenoid 
cystic carcinoma of the lacrimal gland with involvement of 
the orbital roof [18]. In order to safely remove the involved 
portion of frontal bone, a frontal craniotomy performed by 
neurosurgery will provide optimal surgical exposure and 
protect the dura and brain during resection.

Reconstruction of the exenterated orbit must also be con-
sidered during preoperative planning. As will be discussed 
later in this chapter, skin grafts, bone grafts, transfer flaps, or 
microvascular free flaps can all be utilized to reconstruct 
various orbital defects, and consultation with a facial plastic 
surgery specialist may be very useful in some of these cases.

Finally, the importance of postoperative follow-up, the 
options for rehabilitation, and, in many cases, the need for 
adjunctive therapy should be discussed carefully with 
patients and their families. Preoperative consultation with an 
orbital prosthetic specialist (anaplastologist) can often be 
quite reassuring and may go a long way toward preparing the 
patient emotionally for the operation and its aftermath. In 
cases of malignant orbital tumors in which adjunctive che-
motherapy or radiation is indicated, a team-oriented approach 
is necessary, and good communication with hematology/
oncology and radiation oncology is essential.

 Exenteration Techniques

From a technical standpoint, orbital exenteration can be 
thought of as several different techniques or as one basic 
technique with several variations. The latter approach will be 
presented here, describing first the total exenteration and 
then proceeding to the various modifications with their 
potential indications.

 Total Exenteration

Exenterations should be performed under general anesthesia 
whenever possible. Local infiltration anesthesia is helpful for 
hemostasis in the eyelid, but intraorbital or retrobulbar injec-
tions are not generally useful and should be particularly 
avoided in the presence of an orbital malignancy. At the 
beginning of the case, sutures (e.g., 3-0 silk) can be placed 
around the rectus muscles or through the upper and lower 
tarsi to provide traction on the orbital contents. An elliptical 
incision is made with a scalpel blade or electrocautery 
through the skin overlying the orbital rim (Fig.  53.1). 
Dissection is then carried to the orbital rim, and the perios-
teum just outside the arcus marginalis is incised. Periosteal 
elevators are used to dissect the periorbita from the bony 
orbit, beginning at the orbital rim and continuing all the way 

back to the orbital apex. Most of the periorbita is loosely 
adherent to the bone, but it is more tightly adherent at several 
anatomic locations, including the anterior and posterior lac-
rimal crests, lateral orbital tubercle, trochlea, inferior oblique 
origin, and superior and inferior orbital fissures (Fig. 53.2). 
If disease involvement of the lacrimal sac is not suspected, 
the sac can be spared by dissecting lateral to it and dividing 
the common canaliculus and orbicularis attachments. 
Subperiosteal dissection can then proceed from the posterior 
lacrimal crest and beyond. If the lacrimal sac is to be 

Fig. 53.1 Initial incision for total orbital exenteration

Fig. 53.2 Bony anatomy of the orbit showing points of increased peri-
osteal adherence
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removed, it is dissected from the lacrimal sac fossa and 
divided from the nasolacrimal duct with electrocautery. The 
exposed nasolacrimal duct can be obliterated with fat, mus-
cle, or soft tissue to decrease the risk of postoperative fistula 
formation.

Throughout the course of the subperiosteal dissection, the 
supraorbital, supratrochlear, anterior and posterior eth-
moidal, zygomaticofacial, and zygomaticotemporal neuro-
vascular bundles are identified, cauterized or ligated, and 
divided. Dissection should be performed carefully along the 
orbital floor and medial wall, so as to not fracture the thin 
bone and create a communication with the ethmoid or maxil-
lary sinuses. In the inferotemporal orbit, the inferior orbital 
fissure is encountered and penetrating vessels divided with 
electrocautery. The infraorbital nerve should be preserved 
unless it must be sacrificed to achieve the intended result. 
Once the periorbita has been dissected to the apex, gently 
curved scissors are introduced into the posterior orbit and the 
optic nerve, and superior orbital fissure contents and poste-
rior orbital tissues are cut (Fig. 53.3). If desired, a clamp may 
be placed across the apical tissues prior to cutting in order to 
aid in hemostasis. If the ophthalmic artery is identified, it can 
be cauterized, suture-ligated, or clipped. Additional hemo-
stasis may be obtained with ice-cold wet gauze, pressure, 
and cautery. As discussed in detail later in this chapter, the 
orbit may be left to granulate or covered with a skin graft or 
tissue flap. The orbit is then packed with petrolatum gauze 
and a pressure patch placed.

In cases of tumor resection, clearance of surgical margins 
using either frozen or permanent sections is often advisable. 
The location of these specimens is, of course, dependent on 
the location and characteristics of the original tumor, and 
intraoperative findings such as bony erosion or apparent 
periocular soft tissue invasion may prompt the biopsy of 
additional anatomic locations as deemed appropriate.

 Eyelid-Sparing Exenteration

In cases where the orbital disease process does not involve 
the eyelids, a lid-sparing technique, as popularized by 
Coston and Small [30], can be utilized. The total exentera-
tion technique described above is modified by placing the 
initial skin incisions just outside the upper and lower lid 
lash lines and joining them at the medial and lateral com-
missures (Fig. 53.4). Dissection is then carried in the preor-
bicularis or preseptal plane to the orbital rim (Fig. 53.5), 
after which point the exenteration technique remains 
unchanged. Dissecting in the preorbicularis plane decreases 

Fig. 53.3 Intraoperative photograph during total exenteration. 
Following complete subperiosteal dissection to the orbital apex, curved 
scissors are used to cut the posterior orbital tissues

Fig. 53.4 Initial incision for eyelid-sparing exenteration

Fig. 53.5 The lid skin is dissected in the preorbicularis plane to the 
orbital rim
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the likelihood of violating the orbital septum, which is 
undesirable if tumor is present in the anterior orbit. 
Alternatively, dissecting in the preseptal plane spares the 
orbicularis muscle, which provides an excellent vascular 
supply to the skin flap. It should be noted that the term “lid-
sparing” is somewhat of a misnomer since only the anterior 
lamella is spared, while the lashes, tarsus, septum, levator, 
and conjunctiva are all resected.

The advantage of sparing the lid skin is that it provides 
some coverage for the bone of the anterior orbit [31]. For 
total exenterations, this amount of skin will typically provide 
only partial coverage, and the remainder of the socket will 
need to be grafted or left to granulate. However, in cases of 
subtotal exenteration (as discussed below), the eyelid skin 
may be enough to provide complete coverage of the socket.

 Subtotal Exenteration

For diseases that involve only the anterior orbit or conjunc-
tiva, subtotal exenteration may be considered [32]. 
Conjunctival melanoma or sebaceous cell carcinoma without 
evidence of deep orbital invasion can potentially be treated in 
this manner. The advantage of subtotal exenteration is that 
soft tissue is left in the posterior orbit which can be covered 
with eyelid skin (if spared) or a skin graft. However, secure 
fixation of an orbital prosthesis may be more difficult post-
operatively since the socket is left shallow (Fig. 53.6). There 
is also a theoretically increased risk of recurrence if residual 
tumor or disease is inadvertently left in the posterior orbital 
tissues.

The technique for subtotal exenteration proceeds as with 
total exenteration, except that subperiosteal dissection is 
only carried as far posteriorly as deemed necessary. The 
orbital tissues are clamped and cut at the level chosen by the 

surgeon, ensuring that the optic nerve is cut posterior to the 
globe. The orbit can then be lined with a skin flap or split- 
thickness skin graft if desired.

 Extended Exenteration with Bone Removal 
and/or Additional Resection

For particularly high-grade malignancies or destructive 
osteolytic processes, total exenteration with removal of a 
portion of the bony orbit may be indicated. The location and 
extent of bony resection is dictated by the primary tumor 
location, gross or microscopic evidence of bony invasion, 
perineural tumor spread, and/or involvement of the orbital 
fissures and foramina. When resection involves the orbital 
roof or other portions of the skull base, a transcranial 
approach in collaboration with neurosurgery should be uti-
lized [33–35]. For tumors arising from or involving the para-
nasal sinuses, an otolaryngologist can provide invaluable 
assistance in navigating the complex anatomy of this region 
and resecting tumor-involved portions of the midface using 
open or endoscopic surgical techniques [36].

 Primary Reconstruction of the Exenterated 
Orbit

A plethora of surgical options are available for reconstruct-
ing the exenterated socket [37–39]. The decision on which 
method is used primarily depends upon whether an “open” 
or “closed” cavity is planned [40]. Open cavities are gener-
ally preferred in patients who desire rehabilitation with an 
orbital prosthesis, and spontaneous epithelialization, skin 
grafts, or thin local flaps can all achieve this goal (Fig. 53.7a, 
b). Closed cavities in which the orbit is filled with soft tissue 
(microvascular free flap or muscle flap) up to the level of the 
orbital rim may be preferred when prosthesis use is not 
planned or may be helpful after extended exenteration result-
ing in communication with the cranial fossa or paranasal 
sinuses (Fig. 53.8). Modern imaging technologies allow for 
detection of tumor recurrence even posterior to a vascular 
flap, and this subject should be discussed with the patient and 
among the medical team members.

 Spontaneous Granulation

An open socket with exposed bone may be allowed to spon-
taneously granulate and epithelialize postoperatively [41]. 
Although this approach entails the least operative time and 
no additional surgical sites, it does require intensive coopera-
tion and perseverance on the part of the patient. Regular 
dressing changes with petrolatum gauze, typically three 

Fig. 53.6 Early postoperative photograph following eyelid-sparing 
subtotal exenteration. Because the posterior orbital tissues were pre-
served, the lid skin was sufficient to completely cover the orbital defect
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times a week, should be performed by a home health nurse or 
other trained caregiver. Granulation tissue begins to appear 
within a week postoperatively, and epithelialization pro-
gresses over a period of 3–6 months. Orbital radiation can 
significantly delay the healing process. The opposite is also 
true – a slowly healing, granulating socket may delay initia-
tion of needed radiation. If desired, the patient may be fit 
with an orbital prosthesis once complete epithelialization has 
occurred.

 Skin Grafting

Although the harvesting of a skin graft necessitates an addi-
tional operative site, the placement of such facilitates much 
more rapid healing of the socket and earlier rehabilitation 
compared to spontaneous granulation. While full-thickness 
skin grafts are acceptable, split-thickness grafts are more com-
monly used in this setting due to the need for relatively large 
grafts to cover the surface area inside the orbit [42]. Split-
thickness grafts are also more likely than full-thickness grafts 
to successfully take onto the bare bone surface of the orbit.

Split-thickness skin grafts can be harvested from the thigh 
or other suitable location with an automated dermatome 
(Fig. 53.9). The graft may be meshed if desired, or alterna-
tively, several slits can be made with a scalpel or scissors to 
allow for fluid drainage and increased stretching of the graft. 
For optimal cosmesis, any meshed graft should be limited to 
the confines of the socket and avoid any areas that will not 
eventually be covered by a prosthesis or patch. After the graft 
is trimmed to an appropriate size and shape, it is placed in the 
socket and the edges secured with absorbable sutures 
(Fig. 53.10). The socket is packed with petrolatum gauze and 
a pressure dressing placed. The first dressing change is per-
formed approximately 1 week postoperatively, followed by 
dressing changes every other day for up to another week. If 
desired, a cotton-tipped applicator soaked in hydrogen per-
oxide may be used to carefully clean the socket during this 
period. Once good graft take is observed, the orbit can sim-
ply be covered with an eye patch until a prosthesis is made, 
and the patient should be instructed to clean the socket peri-
odically with soap and water. The skin graft donor site can be 
covered with a single layer of fine mesh gauze and allowed 
to dry. The dressing will spontaneously separate once the 
wound has healed in about 3 weeks.

The dermis-fat graft has also been described as an alterna-
tive method of covering the exenterated socket, both with 
and without a temporalis muscle transfer flap [16, 43]. This 
provides a substrate for epithelialization and partially 
replaces the lost orbital soft tissue while still potentially 
leaving room for a prosthesis.

 Soft Tissue Reconstruction

In lieu of rehabilitation with an orbital prosthesis, some sur-
geons advocate primary reconstruction of exenterated sock-
ets by replacing the lost orbital soft tissue volume and 
periocular skin with pedicled or microvascular free flaps. 

a b

Fig. 53.7 (a) Open cavity following total orbital exenteration with split-thickness skin graft. (b) Same patient with an orbital prosthesis

Fig. 53.8 Closed cavity following extended transcranial exenteration 
with maxillectomy and primary reconstruction with scapular free flap
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Because these techniques do not attempt to recreate the 
appearance of the eyelids and globe, their aesthetic outcome 
is admittedly unnatural. Potential donor site morbidity is 
another disadvantage. However, postoperative orbital heal-
ing takes place quite rapidly, and the problems associated 
with orbital prostheses are eliminated. Vascularized flaps are 
also advantageous for covering any grafts or alloplastic 
implants that may be utilized for bony reconstruction, as dis-
cussed below.

Many local flaps have been described for orbital recon-
struction, such as temporoparietal fascia, temporalis muscle, 
frontalis muscle, and myocutaneous flaps from the forehead, 
scalp, and cervicofacial region [38, 39, 43–46]. In some 
cases of lid-sparing exenteration, mucous membrane grafts 

have been placed over vascularized flaps to create a cavity 
suitable for wear of an ocular prosthesis [38].

Microvascular free flaps which have been utilized for 
reconstruction of the exenterated socket include radial fore-
arm, latissimus dorsi, rectus abdominus, lateral arm, and 
anterolateral thigh flaps [47–50]. An additional advantage of 
free flaps is the potential for bony reconstruction with vascu-
larized osseocutaneous flaps such as radial forearm, scapu-
lar, or fibular free flaps [49, 51, 52]. Free flap reconstructions 
are typically performed by facial or general plastic surgeons 
trained in microvascular surgery, and postoperative hospital-
ization is required.

It should be noted that these methods of soft tissue recon-
struction can potentially affect postoperative tumor surveil-
lance [37]. Their size and bulk will mask the direct clinical 
observation of recurrent tumor, necessitating the use of peri-
odic imaging studies in these patients, in contrast with orbits 
covered with skin alone, where tumor recurrence can more 
readily be detected on clinical exam. MRI would typically be 
the imaging modality of choice for surveillance of soft 
tissues.

 Bony Reconstruction

When orbital bone is either destroyed by the primary disease 
process or resected during exenteration, reconstruction of the 
bony orbit may be necessary to achieve an optimal outcome. 
Whenever possible, defects of the orbital rim should be 
reconstructed to maintain the continuity and bony contour of 
the upper and midface (Fig.  53.11). Defects of the orbital 
roof may not require reconstruction unless more than half of 
the roof is involved. Likewise, lateral orbital wall defects do 
not typically require reconstruction, with the possible excep-

a b

Fig. 53.9 Split-thickness skin graft is harvested from the thigh with an automated dermatome. (a) Line drawing. (b) Intraoperative photograph 
showing a split-thickness graft harvested from the thigh

Fig. 53.10 Intraoperative photograph showing exenterated orbit lined 
with split-thickness skin graft. The graft was meshed with a #15 scalpel 
blade prior to being placed, and the edges are secured with 6-0 chromic 
sutures
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tion of cases in which the entire greater sphenoid wing is 
removed. Reconstruction of the orbital floor and medial wall 
can be problematic due to the paucity of bony support and 
vascularized tissue within the ethmoid and maxillary sinuses. 
The necessity and type of such reconstruction largely depend 
on the chosen method of soft tissue coverage. Spontaneous 
epithelialization will not take place within an exposed sinus, 
and skin grafts are likely to fail if placed either over the 
defect, within the sinus, or over a reconstructed orbital wall. 
In these cases, microvascular free flaps are typically used to 
reconstruct or obliterate the open sinus.

A variety of materials can be utilized for reconstruction of 
the bony orbit. Autogenous bone grafts, such as split calvar-
ium or iliac crest, are ideal for this purpose due to their bio-
compatibility and longevity. A microvascular free flap with a 
bony component is also an excellent choice. Irradiated 
cadaver bone is suitable but less optimal due to its propensity 
for absorption. Alloplastic implants, while readily available, 
are more prone to exposure and infection and require ade-
quate coverage with well-vascularized tissue. Standard tita-
nium plates and screws can be used to fixate grafts or 
implants during bony reconstruction.

 Special Clinical Considerations

The orbital diseases which require treatment by exenteration 
are typically severe and complex. Many of the malignant 
tumors, by virtue of their size, invasiveness, or propensity for 
metastasis, will require adjunctive treatment with chemo-
therapy or radiation. In an orbit that has undergone radiation 
prior to exenteration, the surgeon must keep in mind the 
fibrosing and devascularizing effects of radiation on orbital 
tissues and their potentially detrimental effects on postopera-
tive healing. By the same token, when the administration of 

postoperative radiation is anticipated, consideration may be 
given to the use of thicker or more vascularized reconstruc-
tive soft tissue flaps, as radiation-induced necrosis is more 
likely with skin grafts or thinner flaps [53]. Coordination 
should also take place with the radiation oncologist to deter-
mine the ideal time frame to initiate radiation treatment once 
adequate healing has occurred.

Recent research by Tse et al. [54]. in the use of preopera-
tive intra-arterial cytoreductive chemotherapy for lacrimal 
gland adenoid cystic carcinoma deserves specific mention. 
Under this protocol, chemotherapeutic agents are adminis-
tered via the external carotid artery directly to the orbital tis-
sues. Following completion of this therapy, the orbit is 
exenterated with or without bone removal, and postoperative 
radiation is administered as indicated. Early data suggests 
that this treatment strategy may increase survival for patients 
with this highly malignant tumor. (Please see “Lacrimal 
Gland” chapter in this book for additional reading.)

Exenteration of the post-traumatic orbit can be particu-
larly challenging. Extensive scarring, distortion of anatomic 
landmarks, and bony loss with paranasal sinus communica-
tion are commonly encountered. In addition, if the orbital 
roof has been violated, the potential exists for intraoperative 
or postoperative neurosurgical complications. The surgeon 
must be prepared to deal with these potential issues, along 
with the detrimental effects of trauma on vascular supply and 
postoperative wound healing.

 Complications of Exenteration

As with all surgical procedures, bleeding, infection, damage 
to surrounding structures, and an unsatisfactory aesthetic 
outcome are potential complications of exenteration. 
Hemostasis can be particularly difficult following division of 
the major vessels of the orbit, the ophthalmic artery in par-
ticular. Violation of the ethmoid or maxillary sinuses can 
also increase the risk of microbial contamination and infec-
tion. The usefulness of prophylactic antibiotics for exentera-
tion has not been demonstrated, but they may be prescribed 
at the surgeon’s discretion.

An unavoidable side effect of exenteration is postopera-
tive numbness in the distribution of the ophthalmic division 
of the trigeminal nerve (V1) due to resection of the supraor-
bital, supratrochlear, infratrochlear, and ethmoidal nerves. 
Preoperative counseling is important to ensure that this 
unpleasant effect is fully expected by the patient. Return of 
sensation is unpredictable but may take place over many 
months. Numbness in the V2 distribution is also common 
due to division of the zygomatic nerves but is usually much 
less noticeable and shorter-lived. Infraorbital nerve injury is 
unusual unless the orbital floor is inadvertently violated 
along the course of the infraorbital canal.

Fig. 53.11 Bony reconstruction of the superotemporal orbital rim with 
autogenous calvarial bone graft, following extended transcranial exen-
teration with removal of the orbital roof and lateral wall
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Fistular communication with the paranasal sinuses can 
result from violation of the orbital floor or medial wall, either 
as a result of the orbital disease or from intraoperative trauma 
[55]. The nasolacrimal duct is also a potential cause of fistu-
las, and intraoperative obliteration of the proximal nasolacri-
mal duct with fat or muscle may decrease the risk of this 
complication. While smaller bony defects may spontane-
ously epithelialize with proper socket care, larger defects 
more commonly result in fistulas causing discharge, crust-
ing, and possible difficulty maintaining an orbital prosthesis. 
Orbital radiation also increases the risk of sino-orbital fistu-
las. Skin grafts or vascularized flaps can be used primarily to 
prevent fistulas or secondarily to treat persistent, symptom-
atic fistulas [56]. The use of an extraocular muscle and orbital 
fat graft has also been described to primarily fill orbital wall 
defects during exenteration [57].

Cerebrospinal fluid (CSF) leaks can potentially compli-
cate exenteration due to violation of the orbital roof, cribri-
form plate, or greater sphenoid wing [58, 59]. In many cases, 
CSF leaks that are recognized intraoperatively can be con-
trolled with bone wax if the bony defect is small. However, 
consultation with a neurosurgeon is advisable if the leak per-
sists despite attempted repair by the orbital surgeon. 
Intracranial infection can also complicate orbital exentera-
tion with bone removal, with or without a CSF leak. This risk 
can be decreased by primary obliteration of the socket with 
soft tissue grafts or flaps [60].

Tumor recurrence can follow exenteration for malignant 
or benign lesions. This risk increases when residual gross or 
microscopic tumor is left and can be minimized through 
careful operative planning and surgical margin control. 
However, clear surgical margins do not preclude the possibil-
ity of tumor recurrence or metastasis, and the occurrence of 
such does not necessarily imply any failure on the part of the 
surgeon, particularly with high-grade malignancies such as 
adenoid cystic carcinoma or melanoma. As mentioned above, 
periodic postoperative imaging is essential for tumor surveil-
lance after reconstruction with thick vascularized tissue 
flaps.

 Rehabilitation of the Exenterated Socket

There is no escaping the significant facial deformity that fol-
lows orbital exenteration [61]. There are many ways to miti-
gate the undesirable aesthetic outcome of this procedure, but 
none of them are ideal. The simplest way to mask the post- 
exenteration orbit is by patching, which some patients may, 
for various reasons, find preferable to the other available 
options [39]. Custom orbital prostheses may arguably pro-
duce the most anatomically natural appearance, but the sili-
cone material can never perfectly reproduce the color and 
texture of the lid and periocular skin, and there is no dynamic 

movement of the prosthetic eyelids and globe. The social 
ramifications of an inadvertently dislocated orbital prosthe-
sis in a public setting can also be very disturbing, particularly 
for schoolchildren. As discussed above, coverage of the 
socket with vascularized tissue flaps provides natural skin in 
the periocular region but complete absence of the appearance 
of ocular structures.

 Orbital Prosthetics

The creation of orbital prostheses [62, 63] is a highly special-
ized field and, in many cases, is performed by an anaplas-
tologist who works with an ocularist, as completely different 
materials and techniques are utilized by each. Because of the 
relatively small number of these specialists, it is often neces-
sary for the patient to travel long distances to enlist their ser-
vices. However, the significant cost and effort involved is far 
outweighed in many people’s minds by the dramatic aes-
thetic improvement and psychosocial benefits of an orbital 
prosthesis.

An impression of the orbit is typically made with hydro-
colloid, which is then used to create a plaster cast (Fig. 53.12). 
A custom ocular prosthesis is positioned in the cast, and clay 
is molded into the “orbit” and around the prosthesis. The clay 
is then placed into the patient’s orbit and sculpted to match 
the contour and appearance of the contralateral eyelids and 
periocular region (Fig. 53.13). A plaster mold is made from 
the sculpted clay and used to create the silicone prosthesis 
within which the ocular prosthesis is placed (Fig.  53.14). 
Dental thermal molding material can also be used to line the 
posterior prosthesis surface to prevent microbial infiltration 
of the silicone. The prosthesis is trimmed to fit the patient’s 
socket, and eyelashes are added. If desired, the patient may 
wear spectacles to camouflage the silicone- to- skin interface.

Fig. 53.12 A hydrocolloid impression is made from the orbit for cre-
ation of an orbital prosthesis
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Some orbital prostheses may be prone to dislodgement, 
particularly in shallower orbits. Adhesives or solvents may 
aid in retention but can also have detrimental effects on the 
prosthesis or the patient’s skin. Support of the prosthesis 
with spectacles is another option. Magnetic coupling to 
osseointegrated screws can be very effective but requires 
additional surgery, typically performed several months post-
operatively after epithelialization is complete [64].

As with any other type of prosthesis, care is required by the 
patient to maintain the prosthesis and keep the orbit clean. 
Regular follow-up with the prosthetist is important to optimize 
the comfort, appearance, and longevity of the prosthesis.

 Conclusion

Orbital exenteration is an uncommon operation that is thank-
fully becoming even more rare, thanks to advances in the 
medical and surgical care of complex orbital disorders. 
Nevertheless, it has importance in the management of certain 
conditions and may literally be lifesaving. Modern prosthetic 
and reconstructive techniques are very helpful in rehabilita-
tion efforts, and a team-oriented approach is recommended 
for these patients.

References

 1. Lane KA, Bilyk JR. Preliminary study of positron emission tomog-
raphy in the detection of orbital malignancy. Ophthal Plast Reconstr 
Surg. 2006;22:361–5.

 2. Hsu A, Frank SJ, Esmaeli B, et al. Postoperative adjuvant external- 
beam radiation for cancers of the eyelid and conjunctiva. Ophthal 
Plast Reconstr Surg. 2008;24:444–9.

 3. Shields JA, Shields CL. Rhabdomyosarcoma: review for the oph-
thalmologist. Surv Ophthalmol. 2003;48:39–57.

 4. Shields JA, Shields CL, DePotter P, Singh AD. Diagnosis and treat-
ment of uveal melanoma. Semin Oncol. 1996;23:763–7.

 5. Ochi JW, Harris JP, Feldman JI, Press GA. Rhinocerebral mucor-
mycosis: results of aggressive surgical debridement and amphoteri-
cin B. Laryngoscope. 1988;98:1339–42.

 6. Yohai RA, Bullock JD, Aziz AA, Markert RJ.  Survival fac-
tors in rhino-orbital-cerebral mucormycosis. Surv Ophthalmol. 
1994;39:3–22.

 7. Levin LA, Avery R, Shore JW, et  al. The spectrum of orbital 
aspergillosis: a clinicopathological review. Surv Ophthalmol. 
1996;41:142–54.

 8. Kahana A, Lucarelli MJ.  Use of radiopaque intraorbital cath-
eter in the treatment of sino-orbito-cranial mucormycosis. Arch 
Ophthalmol. 2007;125:1714–5.

 9. Taxy JB, El-Zayaty S, Langerman A. Acute fungal sinusitis. Am J 
Clin Pathol. 2009;132:86–93.

 10. Bartley GB, Garrity JA, Waller RR, et al. Orbital exenteration at the 
Mayo Clinic: 1967–1986. Ophthalmology. 1989;96:468–73.

 11. Levin PS, Dutton JJ. A 20-year series of orbital exenteration. Am J 
Ophthalmol. 1991;112:496.

 12. Kennedy RE. Indications and surgical techniques for orbital exen-
teration. Adv Ophthalmic Plast Reconstr Surg. 1992;9:163–73.

 13. Günalp I, Gündüz K, Dürük K. Orbital exenteration: review of 429 
cases. Int Ophthalmol. 1995/1996;19:177–84.

 14. Ben Simon GJ, Schwarcz RM, Douglas R, et al. Orbital exentera-
tion: one size does not fit all. Am J Ophthalmol. 2005;139:11–7.

 15. Rahman I, Cook AE, Leatherbarrow B. Orbital exenteration: a 13 
year Manchester experience. Br J Ophthalmol. 2005;89:1335–40.

 16. Nemet AY, Martin P, Benger R, et al. Orbital exenteration: a 15-year 
study of 38 cases. Ophthal Plast Reconstr Surg. 2007;23:468–72.

 17. Nassab RS, Thomas SS, Murray D.  Orbital exenteration for 
advanced periorbital skin cancers: 20 years experience. J Plast 
Reconstr Aesthet Surg. 2007;60:1103–9.

Fig. 53.13 The ocular prosthesis is placed within the clay mold, which 
is then sculpted to match the fellow eye

Fig. 53.14 Completed orbital prosthesis within the opened molding 
flask

R. I. Cho and A. Kahana



869

 18. Esmaeli B, Golio D, Kies M, DeMonte F. Surgical management of 
locally advanced adenoid cystic carcinoma of the lacrimal gland. 
Ophthal Plast Reconstr Surg. 2006;22:366–70.

 19. Rahman I, Maino A, Cook AE, Leatherbarrow B.  Mortality fol-
lowing exenteration for malignant tumours of the orbit. Br J 
Ophthalmol. 2005;89:1445–8.

 20. Gnanaraj L, Skibell BC, Coret-Simon J, et al. Massive congenital 
orbital teratoma. Ophthal Plast Reconstr Surg. 2005;21:445–7.

 21. Smith B, Guberina C, Rees T. Radical approach in the treatment of 
neurofibroma. Orbit. 1982;1:267.

 22. Rose GE, Wright JE. Exenteration for benign orbital disease. Br J 
Ophthalmol. 1994;78:14–8.

 23. Pribila JT, Cornblath WT, Elner VM, et al. Glomus cell tumor of the 
orbit. Arch Ophthalmol. 2010;128:144–6.

 24. Schwarz JN, Donnelly EH, Klintworth GK. Ocular and orbital phy-
comycosis. Surv Ophthalmol. 1977;22:3–28.

 25. Hargrove RN, Wesley RE, Klippenstein KA, et al. Indications for 
orbital exenteration in mucormycosis. Ophthal Plast Reconstr Surg. 
2006;22:286–91.

 26. Elner VM, Demirci H, Nerad JA, Hassan AS.  Periocular nec-
rotizing fasciitis with visual loss: pathogenesis and treatment. 
Ophthalmology. 2006;113:2338–45.

 27. Small RG, LaFuente H. Exenteration of the orbit in selected cases 
of severe orbital contracture. Ophthalmology. 1983;90:236.

 28. Ho VH, Ross MI, Esmaeli B, et al. Sentinel lymph node biopsy for 
sebaceous cell carcinoma and melanoma of the ocular adnexa. Arch 
Otolaryngol Head Neck Surg. 2007;133:820–6.

 29. Savar A, Ross MI, Esmaeli B, et  al. Sentinel lymph node 
biopsy for ocular adnexal melanoma: experience in 30 patients. 
Ophthalmology. 2009;116:2217–23.

 30. Coston TO, Small RG. Orbital exenteration simplified. Trans Am 
Ophthalmol Soc. 1981;79:136.

 31. Shields JA, Shields CL, Demirci H, et al. Experience with eyelid- 
sparing orbital exenteration: the 2000 Tullos O.  Coston Lecture. 
Ophthal Plast Reconstr Surg. 2001;17:355–61.

 32. Yeatts RP, et al. Removal of the eye with socket ablation: a limited 
subtotal exenteration. Arch Ophthalmol. 1991;109:1306.

 33. Sypert SW, Habal MB. Combined cranio-orbital surgery for exten-
sive malignant neoplasms of the orbit. J Neurosurg. 1978;2:8.

 34. Schramm VL, Myers EN, Maroon JC. Anterior skull base surgery 
for benign and malignant disease. Laryngoscope. 1979;89:1077.

 35. Shah JP, et al. Craniofacial resection of tumors involving the ante-
rior skull base. Otolaryngol Head Neck Surg. 1992;106:387.

 36. Conley J, Baker DC. Management of the eye socket in cancer of the 
paranasal sinuses. Arch Otolaryngol. 1979;105:702.

 37. Levin PS, Ellis DS, Stewart WB, Toth BA. Orbital exenteration: the 
reconstructive ladder. Ophthal Plast Reconstr Surg. 1991;7:84–92.

 38. Mohr C, Esser J. Orbital exenteration: surgical and reconstructive 
strategies. Graefes Arch Clin Exp Ophthalmol. 1997;235:288–95.

 39. Goldberg RA, Kim JW, Shorr N.  Orbital exenteration: results 
of an individualized approach. Ophthal Plast Reconstr Surg. 
2003;19:229–36.

 40. Hanasono MM, Lee JC, Yang JS, et  al. An algorithmic approach 
to reconstructive surgery and prosthetic rehabilitation after orbital 
exenteration. Plast Reconstr Surg. 2009;123:98–105.

 41. Putterman AM. Orbital exenteration with spontaneous granulation. 
Arch Ophthalmol. 1986;104:139.

 42. Mauriello JA, Han KH, Wolfe R.  The use of autogenous split- 
thickness dermal graft for reconstruction of the lining of the exen-
terated orbit. Am J Ophthalmol. 1985;100:465.

 43. Looi A, Kazim M, Cortes M, Rootman J.  Orbital reconstruction 
after eyelid- and conjunctiva-sparing orbital exenteration. Ophthal 
Plast Reconstr Surg. 2006;22:1–6.

 44. Dortzbach DK, Hawes MJ. Midline forehead flap in reconstructive 
procedures of the eyelids and exenterated socket. Ophthalmic Surg. 
1981;12:257.

 45. Bonavolontà G.  Frontalis muscle transfer in the reconstruction 
of the exenterated orbit. Adv Ophthalmic Plast Reconstr Surg. 
1992;9:239–42.

 46. Lai A, Cheney ML. Temporoparietal fascial flap in orbital recon-
struction. Arch Facial Plast Surg. 2000;2:196–201.

 47. Ariyan S, Cuono CB. Use of the pectoralis major myocutaneous 
flap for reconstruction of large cervical, facial or cranial defects. 
Am J Surg. 1980;140:503.

 48. Donahue PJ, et  al. Reconstruction of orbital cavities: the use of 
the latissimus dorsi myocutaneous free flap. Arch Ophthalmol. 
1989;107:1681.

 49. Chepeha DB, Wang SJ, Marentette LJ, et  al. Restoration of the 
orbital aesthetic subunit in complex midface defects. Laryngoscope. 
2004;114:1706–13.

 50. Pryor SG, Moore EJ, Kasperbauer JL.  Orbital exenteration 
reconstruction with rectus abdominus microvascular free flap. 
Laryngoscope. 2005;155:1912–6.

 51. Chang DW, Langstein HN. Use of the free fibula flap for restoration 
of orbital support and midfacial projection following maxillectomy. 
J Reconstr Microsurg. 2003;19:147–52.

 52. Kosutic D, Uglesic V, Knezevic P, et al. Latissimus dorsi-scapula 
free flap for reconstruction of defects following radical maxil-
lectomy with orbital exenteration. J Plast Reconstr Aesthet Surg. 
2008;61:620–7.

 53. Savar DE. High-dose radiation to the orbit: a cause of skin graft 
failure after exenteration. Arch Ophthalmol. 1982;100:1755.

 54. Tse DT, Benedetto P, Dubovy S, et  al. Clinical analysis of the 
effect of intraarterial cytoreductive chemotherapy in the treatment 
of lacrimal gland adenoid cystic carcinoma. Am J Ophthalmol. 
2006;141:44–53.

 55. Limawararut V, Leibovitch I, Davis G, et al. Sino-orbital fistula: a 
complication of exenteration. Ophthalmology. 2007;114:355–61.

 56. Tse DT, Bumsted RM. A two-layer closure of sino-orbital fistula. 
Ophthalmology. 1989;96:1673–8.

 57. Bartley GB, Kasperbauer JL. Use of a flap of extraocular muscle 
and fat during subtotal exenteration to repair bony orbital defects. 
Am J Ophthalmol. 2002;134:787–8.

 58. Wulc AE, Adams JL, Dryden RM. Cerebrospinal fluid leakage com-
plicating orbital exenteration. Arch Ophthalmol. 1989;107:827.

 59. Limawararut V, Valenzuela AA, Sullivan TJ, et  al. Cerebrospinal 
fluid leaks in orbital and lacrimal surgery. Surv Ophthalmol. 
2008;53:274–84.

 60. Spiegel JH, Varvares MA.  Prevention of postexenteration com-
plications by obliteration of the orbital cavity. Skull Base. 
2007;17:197–203.

 61. Bonanno A, Esmaeli B, Fingeret MC, et  al. Social challenges of 
cancer patients with orbitofacial disfigurement. Ophthal Plast 
Reconstr Surg. 2010;26:18–22.

 62. Joneja OP, et al. Orbital prostheses. J Prosthet Dent. 1976;36:306.
 63. Shifman A, et al. Prosthetic restoration of orbital defects. J Prosthet 

Dent. 1979;42:543.
 64. Larson JSM, Nerad JA. The use of osseointegration and rare earth 

magnetic coupling for oculofacial prosthesis retention in the exen-
terated orbit. Curr Opin Ophthalmol. 2009;20:412–6.

53 Orbital Exenteration


	53: Orbital Exenteration
	Introduction
	Indications for Orbital Exenteration
	Preoperative Evaluation and Planning
	Exenteration Techniques
	Total Exenteration
	Eyelid-Sparing Exenteration
	Subtotal Exenteration
	Extended Exenteration with Bone Removal and/or Additional Resection
	Primary Reconstruction of the Exenterated Orbit
	Spontaneous Granulation
	Skin Grafting
	Soft Tissue Reconstruction
	Bony Reconstruction
	Special Clinical Considerations
	Complications of Exenteration
	Rehabilitation of the Exenterated Socket
	Orbital Prosthetics
	Conclusion
	References


