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Abstract
Pulsatile exophthalmos can be a presenting sign of several orbital pathologies, such as trauma, iatrogenic
injury, or congenital defect, or as a complication after orbital reconstructive surgery. Traditional approaches
to management are conservative, with the goal being spontaneous resolution. The following case illustrates
this rare but clinically significant complication and its treatment strategies.

A 48-year-old male underwent a bifrontal craniotomy with resection of a fibrous dysplasia, followed by
reconstruction of the skull base and orbit with split-thickness calvarial autograft. Prior to leaving the
operating room, the patient’s eye was pulsating, and the diagnosis of pulsatile exophthalmos was made. A
discussion with the patient’s family resulted in the joint decision to undergo additional split-thickness
calvarial bone grafting to further repair the lateral orbital wall. Postoperatively, the patient exhibited no
further vision loss without evidence of CSF leak or additional complications.

This report presents a case of iatrogenic pulsatile exophthalmos with complete resolution of symptoms after
additional reconstructive measures. This case serves to highlight the importance of the ocular examination
prior to completion of cranial cases involving orbital reconstruction. Increased surveillance and timely
correction of this finding may reduce the risk of disabling ocular symptoms.
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Introduction
Pulsatile exophthalmos is a clinically significant orbital finding associated with several underlying
pathologies. Because of its varying etiologies, rarity, and its existence as a clinical sign rather than a disease
entity, pulsatile exophthalmos’s incidence is not well-defined in the literature. Pulsatile exophthalmos most
commonly arises from bony or vascular abnormalities that allow transmission of pulsatile intracranial or
intraorbital forces into the globe [1]. This can be a result of trauma, as orbital roof fractures can disrupt the
bony barrier, allowing direct pulsation from the dura or herniated brain tissue to be transmitted directly to
the orbit [2]. Pulsatile exophthalmos can also be a result of congenital or pathological encephaloceles, such
as a sphenorbital encephalocele of the anterior cranial fossa, as these can alter orbital volumes and
introduce dynamic displacement to the globe [3]. Sphenoid wing dysplasia, as observed in conditions like
neurofibromatosis type 1, is another well-described etiology of pulsatile exophthalmos due to malformation
of the bony barrier and allowance of brain tissue to enter the orbital space [4,5]. Vascular causes such as
carotid-cavernous fistula (CCF) can also produce pulsatile exophthalmos via increases in the vascular
pressures within the orbital system [6].

Although orbital roof fractures, encephaloceles, sphenoid wing dysplasia, and CCFs are some of the most
frequent etiologies, pulsatile exophthalmos has also been described as a rare iatrogenic complication of
procedures that involve orbital reconstruction. In these cases, insufficient reconstruction of the orbit can
result in transduction of intracranial pressure to the globe. Although there are no standardized management
protocols for pulsatile exophthalmos, treatment strategies range from surgical intervention to observation
with expectant spontaneous resolution [7-9]. However, persistent pulsatile exophthalmos can lead to
substantial morbidity, including diplopia and vision loss if spontaneous resolution does not occur [10]. The
potential for significant ophthalmologic morbidity warrants a nuanced discussion with patients and their
loved ones immediately upon diagnosis regarding the options of watchful waiting versus additional surgical
repair.

This case describes iatrogenic pulsatile exophthalmos following resection and reconstruction of fronto-
orbito-ethmoidal fibrous dysplasia. This was discovered via a targeted intraoperative examination before
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anesthesia emergence, allowing for timely discussion with the patient’s family and immediate surgical
intervention. Immediate and definite treatment was especially important for this patient, as he lives in an
area with limited access to postoperative care. This case underscores the importance of meticulous orbital
reconstruction, routine assessment for pulsatile exophthalmos in cases involving orbital reconstruction
before leaving the operating room, and consideration of immediate surgical correction when reliable
postoperative care may not be feasible.

Case Presentation
The patient is a 48-year-old male who presented with progressive facial deformity, pain, and several months
of right-sided vision loss. On examination, he was alert and oriented to person, place, and time. Cranial
nerves III through XII were intact. His examination was notable for a right inferior nasal visual field deficit,
corroborated on formal visual field testing, and an ipsilateral inferolateral orbital dystopia. Motor strength
was 5/5 in the bilateral upper and lower extremities. Sensation was intact to light touch and pinprick
throughout. Reflexes were 2+ and symmetric bilaterally in the upper and lower extremities, with no
Hoffman’s sign, Babinski reflex, or clonus. There was no pronator drift, and cerebellar testing was normal.
Gait was unremarkable. Laboratory studies, including complete blood count, basic metabolic panel, and
coagulation studies, were within normal limits.

Computed tomography (CT) (Figure 1A-1C) and magnetic resonance imaging (MRI) revealed extensive
fronto-orbito-ethmoidal fibrous dysplasia with compression of the right optic nerve.

FIGURE 1: Preoperative CT.
 A: Coronal. B: Axial. C: Sagittal.

As a result, he underwent a bicoronal approach with harvesting of a rotational vascularized pericranial flap,
bifrontal craniotomy, resection of the fibrous dysplasia with an extradural anterior clinoidectomy with optic
nerve decompression, cranialization of the frontal and ethmoidal sinuses with abdominal fat and pericranial
graft, and reconstruction of the anterior skull base and orbit with split-thickness calvarial autograft (Figure
2A-2C).

FIGURE 2: Initial operation.
 A: Harvesting of pericranial flap. B: Prior to resection of fibrous dysplasia. C: Original reconstruction using split-
thickness calvarial autograft.

During the procedure, the eyes were draped out of the operative field in standard fashion, limiting direct
assessment of the globe during reconstruction. Upon removing the sterile drapes and prior to leaving the
operating room, the patient was found to have pulsatile exophthalmos (Video 1).
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VIDEO 1: Video of pulsatile exophthalmos.
View video here: https://youtu.be/CDZbADVyE9I

The patient’s family was called and presented with the options of observation with hopes of spontaneous
resolution versus immediate additional split-thickness calvarial bone graft harvesting and orbital
reconstruction. After electing the latter option, the incision was reopened sterilely, and inadequate
reconstruction of the lateral orbital wall was noted, which was repaired with additional split-thickness
calvarial bone graft harvesting (Figure 3A). This resolved the pulsatile exophthalmos with postoperative CT
and MRI’s showing expected post-surgical changes and expected pneumocephalus, which improved over
time (Figure 3B-3D). The patient recovered well and displayed no new visual deficits without evidence of
CSF leak or any additional complications at his three-month postoperative visit.

FIGURE 3: Revision and lateral reconstruction.
A: Revision with additional split-thickness calvarial autograft. B-D: Postoperative imaging demonstrating
reconstruction, reinforcement of the lateral orbit, and fat grafting.

Discussion
Pulsatile exophthalmos is an uncommon but clinically significant finding that can represent a broad
spectrum of underlying pathologies. Well-recognized etiologies include congenital absence or dysplasia of
the sphenoid wing, CCFs, orbital roof fractures, and arteriovenous malformations [6,11]. Iatrogenic causes
must also be considered in the appropriate context. Traumatic causes warrant emphasis, as fractures of the
orbit can allow for herniation of brain parenchyma into the orbit, transmitting pulsations and elevating
intraorbital pressure. Mass effect may pose a direct risk to intraorbital structures, where the optic nerve is of
particular vulnerability to ischemic or compressive injury [12,13]. In the absence of permanent visual
sequelae, disabling symptoms such as persistent diplopia or ocular discomfort can profoundly affect
patients’ quality of life [14,15]. 

Management of iatrogenic pulsatile exophthalmos requires careful consideration of the timing of
presentation, severity of symptoms, and ability of the patient to follow up postoperatively. Medical and
surgical treatment options include: clinical observation with hopes of spontaneous resolution, or additional
surgical correction with split-thickness calvarial bone grafting, titanium mesh, or other allograft materials.
Observation is a reasonable and conservative strategy in these patients, and several cases have documented
spontaneous resolution [7,8,16]. Indications for surgical repair are more apparent intraoperatively or in the
immediate perioperative or postoperative period, when the defect can be clearly visualized, and the
opportunity exists for prompt reconstruction [2].

Reconstruction can be accomplished with several different materials. Split-thickness calvarial bone grafting
offers the advantage of autologous material and long-term durability [9]. Alternatively, titanium mesh can
provide a rigid scaffold that is well-suited for complex orbital defects [17,18]. Alloplastic implants, such as a
porous polyethylene plate (Porex Corporation, Fairburn, GA, USA), represent another viable option, which
can also be used in conjunction with titanium mesh for increased stability [19]. Regardless of the material
used, reconstruction involves the creation of a robust barrier between the intracranial and orbital
compartments.
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Although rare, several cases of iatrogenic pulsatile exophthalmos have been reported in the literature. One
notable report described the acute intraoperative onset of pulsatile exophthalmos in a patient with no
history of NF1. Subsequent neurosurgical consultation and CT imaging revealed a previously unrecognized
congenital absence of the sphenoid wing. In this particular case, surgical intervention was deferred, and the
patient exhibited only low-grade pulsatile exophthalmos signs at follow-up [20]. Another case documented
the development of transient postoperative pulsatile exophthalmos after craniotomy. This was characterized
as “temporary” and resolved spontaneously without further intervention [16]. One study examining patients
with sphenoid wing defects of mixed etiologies found that among this cohort, one patient experienced
postoperative pulsatile exophthalmos that resolved spontaneously in one week [8].

This case adds to the limited body of literature on pulsatile exophthalmos by demonstrating that timely
intraoperative recognition and prompt intervention can yield excellent outcomes. It highlights the value of
proactive perioperative surveillance and the benefit of immediate correction when feasible, as it may
prevent disabling morbidity and preserve long-term visual function.

Conclusions
Pulsatile exophthalmos is an uncommon complication of orbital reconstruction, with most cases being
identified postoperatively, having mild symptoms, and resolving spontaneously. This case demonstrates
acute, intraoperative pulsatile exophthalmos discovered immediately following completion of a complex
craniotomy involving major orbital reconstruction. Early recognition of abnormal globe pulsation after
orbital reconstruction affords the opportunity to address the inadequate repair while still in the operating
room. This spares the patient from the risks of pulsatile exophthalmos, reoperation, and irreversible damage
to intraorbital structures. For this reason, intraoperative vigilance should be considered a critical safety step
in orbital reconstructive surgery.

Moreover, management decisions must be individualized based on the patient’s access to postoperative care.
In this case, the patient resided in the outer Hawaiian Islands, had limited access to specialty follow-up, and
prioritized achieving definitive stability during the index operation. In resource-limited cases or cases with
unlikely follow-up, proactive intraoperative correction of iatrogenic complications is often the most
practical and safest course of action.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Joshua Estin, Roger Sheffmaker, Joseph Ifrach, Kevin Wojcik, Corey Mossop

Drafting of the manuscript:  Joshua Estin, Roger Sheffmaker

Critical review of the manuscript for important intellectual content:  Joshua Estin, Roger Sheffmaker,
Joseph Ifrach, Kevin Wojcik, Corey Mossop

Supervision:  Joseph Ifrach, Corey Mossop

Disclosures
Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Flanagan JC: Vascular problems of the orbit . Ophthalmology. May. 1979, 86:896-913. 10.1016/s0161-

6420(79)35442-2
2. Lucas JP, Allen M, Nguyen BK, Svider PF, Folbe AJ, Carron M: Orbital roof fractures: an evidence-based

approach. Facial Plast Surg Aesthet Med. 2020, 22:471-80. 10.1089/fpsam.2020.0029
3. Katano H, Aihara N, Takeuchi Y, Nozaki M, Yamada K: Tailor-made orbitocranioplasty for a sphenorbital

encephalocele presenting as pulsatile exophthalmos. Case report. J Neurosurg. 2007, 106:126-30.
10.3171/ped.2007.106.2.126

4. Lai YF, Lee LC, Chen YH, Chien KH: "Pulsating proptosis and heavy eye syndrome precipitated by
neurofibromatosis type 1: a case report". Medicine (Baltimore). 2021, 100:e27575.

 

2026 Estin et al. Cureus 18(4): e107055. DOI 10.7759/cureus.107055 4 of 5

javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1016/s0161-6420(79)35442-2
https://dx.doi.org/10.1016/s0161-6420(79)35442-2
https://dx.doi.org/10.1089/fpsam.2020.0029
https://dx.doi.org/10.1089/fpsam.2020.0029
https://dx.doi.org/10.3171/ped.2007.106.2.126
https://dx.doi.org/10.3171/ped.2007.106.2.126
https://dx.doi.org/10.1097/MD.0000000000027575


10.1097/MD.0000000000027575
5. Niu J, Wang J, Wang D, et al.: Clinical, radiological features and surgical strategies for 23 NF1 patients with

intraorbital meningoencephalocele. Neurol Sci. 2019, 40:1217-25. 10.1007/s10072-019-03826-2
6. Docherty G, Eslami M, Jiang K, Barton JS: Bilateral carotid cavernous sinus fistula: a case report and review

of the literature. J Neurol. 2018, 265:453-9. 10.1007/s00415-017-8657-y
7. Chousterman B, Gualino V, Dohan A, Payen D: A mysterious post-traumatic pulsatile exophthalmos .

Intensive Care Med. 2014, 40:102-3. 10.1007/s00134-013-3076-8
8. Papay FA, Zins JE, Hahn JF: Split calvarial bone graft in cranio-orbital sphenoid wing reconstruction . J

Craniofac Surg. 1996, 7:133-9. 10.1097/00001665-199603000-00011
9. Dale EL, Strait TA, Sargent LA: Orbital reconstruction for pulsatile exophthalmos secondary to sphenoid

wing dysplasia. Ann Plast Surg. 2014, 72:S107-11. 10.1097/SAP.0000000000000090
10. Nepal Y, Shilpakar S, Sedain G, Shrestha D: Late surgical management of a rare case of post-traumatic

orbital encephalocele. Nepal Journal of Neuroscience. 12:76-9. 10.3126/njn.v16i3.27366
11. Papakostas TD, Lessell S: Teaching video neuroimages: pulsatile proptosis . Neurology. 2013, 81:e160.

10.1212/01.wnl.0000436066.35760.24
12. Barrett L, Glatt HJ, Burde RM, Gado MH: Optic nerve dysfunction in thyroid eye disease: CT . Radiology.

1988, 167:503-7. 10.1148/radiology.167.2.3357962
13. Clauser LC, Tieghi R, Galie' M, Franco F, Carinci F: Surgical decompression in endocrine orbitopathy. Visual

evoked potential evaluation and effect on the optic nerve. J Craniomaxillofac Surg. 2012, 40:621-5.
10.1016/j.jcms.2012.01.027

14. Bahn RS, Heufelder AE: Pathogenesis of Graves' ophthalmopathy . N Engl J Med. 1993, 329:1468-75.
10.1056/NEJM199311113292007

15. Bahn RS: Graves' ophthalmopathy. N Engl J Med. 2010, 362:726-38. 10.1056/NEJMra0905750
16. Hayashi N, Hirashima Y, Kurimoto M, Asahi T, Tomita T, Endo S: One-piece pedunculated frontotemporal

orbitozygomatic craniotomy by creation of a subperiosteal tunnel beneath the temporal muscle: technical
note. Neurosurgery. 2002, 51:1520-3; discussion 1523-4. 10.1227/01.NEU.0000309132.37279.06

17. Moriwaki Y, Tomioka Y, Imai H, et al.: Treating pulsatile exophthalmos in child with minimally invasive
approach and custom-made titanium mesh plate. Plast Reconstr Surg Glob Open. 2019, 7:e2070.
10.1097/GOX.0000000000002070

18. Umerani MS, Burhan H, Sharif S, Islam TU, Ghaziani MH: Orbital meningoencephalocele and pulsatile
proptosis: a rare entity. Cureus. 2018, 10:e2064. 10.7759/cureus.2064

19. Lee S, Maronian N, Most SP, Whipple ME, McCulloch TM, Stanley RB, Farwell DG: Porous high-density
polyethylene for orbital reconstruction. Arch Otolaryngol Head Neck Surg. 2005, 131:446-50.
10.1001/archotol.131.5.446

20. Coman A, Haroon Lodhi S, Hooker P, Reyes I: Uncommon twist: acute onset pulsatile proptosis in the
setting of undiagnosed sphenoid wing dysplasia. BMJ Case Rep. 2025, 18: 10.1136/bcr-2024-264657

 

2026 Estin et al. Cureus 18(4): e107055. DOI 10.7759/cureus.107055 5 of 5

https://dx.doi.org/10.1097/MD.0000000000027575
https://dx.doi.org/10.1007/s10072-019-03826-2
https://dx.doi.org/10.1007/s10072-019-03826-2
https://dx.doi.org/10.1007/s00415-017-8657-y
https://dx.doi.org/10.1007/s00415-017-8657-y
https://dx.doi.org/10.1007/s00134-013-3076-8
https://dx.doi.org/10.1007/s00134-013-3076-8
https://dx.doi.org/10.1097/00001665-199603000-00011
https://dx.doi.org/10.1097/00001665-199603000-00011
https://dx.doi.org/10.1097/SAP.0000000000000090
https://dx.doi.org/10.1097/SAP.0000000000000090
https://dx.doi.org/10.3126/njn.v16i3.27366
https://dx.doi.org/10.3126/njn.v16i3.27366
https://dx.doi.org/10.1212/01.wnl.0000436066.35760.24
https://dx.doi.org/10.1212/01.wnl.0000436066.35760.24
https://dx.doi.org/10.1148/radiology.167.2.3357962
https://dx.doi.org/10.1148/radiology.167.2.3357962
https://dx.doi.org/10.1016/j.jcms.2012.01.027
https://dx.doi.org/10.1016/j.jcms.2012.01.027
https://dx.doi.org/10.1056/NEJM199311113292007
https://dx.doi.org/10.1056/NEJM199311113292007
https://dx.doi.org/10.1056/NEJMra0905750
https://dx.doi.org/10.1056/NEJMra0905750
https://dx.doi.org/10.1227/01.NEU.0000309132.37279.06
https://dx.doi.org/10.1227/01.NEU.0000309132.37279.06
https://dx.doi.org/10.1097/GOX.0000000000002070
https://dx.doi.org/10.1097/GOX.0000000000002070
https://dx.doi.org/10.7759/cureus.2064
https://dx.doi.org/10.7759/cureus.2064
https://dx.doi.org/10.1001/archotol.131.5.446
https://dx.doi.org/10.1001/archotol.131.5.446
https://dx.doi.org/10.1136/bcr-2024-264657
https://dx.doi.org/10.1136/bcr-2024-264657

	Pulsatile Exophthalmos Due to Inadequate Orbital Reconstruction Following Fronto-Orbito-Ethmoidal Fibrous Dysplasia Resection
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Preoperative CT.
	FIGURE 2: Initial operation.
	VIDEO 1: Video of pulsatile exophthalmos.
	FIGURE 3: Revision and lateral reconstruction.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


