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Abstract

The deleterious effects of radiotherapy, including hypovascularity and hypocellularity, have made 

distraction of irradiated bones challenging. Animal studies, however, have demonstrated 

adjunctive measures such as the administration of deferoxamine to significantly improve bone 

regeneration across irradiated distraction gaps. In this report, we demonstrate, for the first time, 

enhanced bone formation following deferoxamine application in a patient following distraction of 

a previously irradiated maxilla. CT imaging of the pterygomaxillary buttress on the side of 

administration revealed significantly increased bone area and density relative to the contralateral 

buttress. This is the first presentation of clinical deferoxamine use to promote bone formation 

following irradiated bone distraction and highlights the promise for this adjunctive measure to 

make outcomes after distraction of irradiated bone more reliable.
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Introduction

Distraction osteogenesis (DO) is routinely performed on the craniofacial skeleton with 

favorable clinical outcomes (1-5). However, adequate perfusion is considered a prerequisite 

for successful bone regeneration (6-8), thus clinical reports of DO of the irradiated 

craniofacial skeleton are rare (9-12). Outcomes have been variable, stimulating clinicians 

and researchers to explore adjunctive measures to augment bone formation (10, 12-15). A 

particularly promising approach has been the administration of deferoxamine during the 

activation/distraction period. An augmentation of vascular density and restoration of metrics 

of bony union have been reported with the use of deferoxamine in animal models (16, 17). 

*Corresponding Authors: Derrick C. Wan, MD, Div. of Plastic and Reconstructive Surgery, Stanford University Medical Center, 257 
Campus Drive, Stanford, CA 94305, Phone: 650-723-7073, dwan@stanford.edu, Steven R. Buchman, MD, FACS, M. Haskell 
Newman Prof. in Plastic Surgery, 1540 E. Hospital Drive, 4-730 Mott Hospital, Ann Arbor, MI 48109-4215, Phone: 734-936-5881, 
sbuchman@med.umich.edu. 

Conflicts of Interest: None declared, all authors have no conflicts of interest to report

HHS Public Access
Author manuscript
J Craniofac Surg. Author manuscript; available in PMC 2017 June 01.

Published in final edited form as:
J Craniofac Surg. 2016 June ; 27(4): 880–882. doi:10.1097/SCS.0000000000002633.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Here we present the first clinical use of deferoxamine in a patient who underwent DO of the 

previously irradiated maxilla.

Case Report

The patient was a 16-year old male who had a past medical history significant for bilateral 

retinoblastoma diagnosed at age 3 for which he was treated with chemotherapy, enucleation 

of the left eye, and radiotherapy. A total of 44 Gy external beam radiation was delivered in 

2.0 Gy fractionated doses to the posterior orbit through horizontal opposed lateral fields. He 

subsequently developed radiation-induced maxillary hypoplasia (Figure 1), resulting in a 12 

mm negative overjet requiring a LeFort I distraction.

Intraoperatively, a LeFort I osteotomy was made and 30 mm telescoping maxillary 

distractors (KLS Martin, Tuttlingen, Germany) were placed on each side. In order to 

administer deferoxamine, TLS catheters were laid along the osteotomy sites bilaterally 

(Figure 2). The catheters were brought through soft tissue, exiting the skin within the 

nasolabial fold, and secured with 5-0 nylon.

Bilateral symmetric distraction was started on postoperative day 1 at a rate of 1 mm/day. 

Extrapolating from experimental data (16), 0.5 mg of deferoxamine per side was 

administered every other day. Unfortunately, the right catheter became dislodged prior to the 

first administration. Thus, deferoxamine was administered to the left side only. Distraction 

of 16 mm was achieved with correction of the class III malocclusion (Figure 3), and no 

adverse reactions to deferoxamine, such as pain and swelling at injection site, were reported 

by the patient.

CT imaging obtained at three months demonstrated bony consolidation bilaterally. Bone at 

the pterygomaxillary osteotomy site, defined by the area posterior to the last molar and 

anterior to the pterygoid plates across 10 sections on each side, was evaluated, as this region 

is known to be the main site of bone formation and structural support in distraction of the 

midface. (18, 19) Two dimensional area and density from Hounsfield units, given consistent 

thresholding, were calculated from the CT scan. Interestingly, both bone area and density on 

the deferoxamine-treated (left) side were increased relative to the untreated side after three 

months (Figure 4). And while they represent secondary sites of support in maxillary 

distraction, increased bone formation was also noted at both the zygomaticomaxillary 

buttress and pyriform rim (Figure 5). On removal of the distractors, the maxilla was noted to 

be stable, with bone found across the distraction gap bilaterally.

Discussion

Distraction osteogenesis of the irradiated craniofacial skeleton is rarely reported but has 

been successful in some cases (9, 20). In particular, Nolte et al. presented successful DO in 

two adult patients with midface hypoplasia following radiation therapy during childhood 

(12). These favorable outcomes are contrasted by unfavorable results in two patients 

presented by Holmes et al., who noted that “DO may not be successful in the irradiated 

tissue” (10). This sentiment was echoed by Raghoebar and colleagues who stated that “DO 

in an irradiated mandible is not a treatment modality with a predictable outcome” (11). In 
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light of these reports, clinicians have focused on hyperbaric oxygen (HBO) therapy as an 

adjunctive measure, though with variable success (10-12, 21).

It seems intuitive to improve vascularity at the osteotomy/distraction site, considering that 

adequate local blood supply and angiogenesis are prerequisites to ensure successful bone 

regeneration during DO (22, 23). Importantly, emerging data derived from animal models 

have suggested a beneficial role for deferoxamine to enhance local vascularity, thus, 

mitigating the deleterious effects of radiation (16, 24, 25). While use of deferoxamine in this 

manner is off-label, it is already clinical employed at much higher amounts and with 

minimal side-effects as an FDA-approved iron chelator for acute iron poisoning and chronic 

iron overload.

While it was unfortunate that the right catheter became dislodged in our patient, this 

provided a unique opportunity for the patient to serve as his own control. Though bilateral 

ossification was noted, the left ptyergomaxillary buttress exposed to deferoxamine during 

activation/distraction had increased bone area and density compared to the contralateral side. 

Importantly, the effects of transcutaneous catheter placement on bone formation at the 

distraction site cannot be completely ruled out. However, overall successful distraction was 

achieved, albeit with an anterior open bite secondary to premature posterior contact. The 

patient will still require a finishing osteotomy and rotation of the mandible to properly align 

his dental midlines.

Our results are limited, however, and reflect findings in only one patient. Furthermore, 

distraction of the irradiated maxilla may not be as compromised as the mandible, as 

evidenced by bone formation on the contralateral irradiated maxilla in our patient and by 

other case reports in the literature.(26) Finally, though in close proximity in a 3 year old, 

radiotherapy for treatment of this patient's retinoblastomas were not directed at the 

pterygomaxillary buttresses and instead were directed at the orbits. This still resulted in 

severe maxillary hypoplasia and our observations do parallel experimental data regarding 

potential beneficial effects of deferoxamine in the context of DO and radiation.(17, 27, 28) 

Numerous questions remain unanswered, such as ideal dosing, timing of deferoxamine, etc. 

Nonetheless, we hope that our experience promotes further clinical use and critical 

assessment of outcomes of deferoxamine in the context of DO and irradiated craniofacial 

bone.

Summary

We present the first report, to our knowledge, of clinical deferoxamine use to enhance bone 

formation with DO of irradiated craniofacial bone. Future prospective studies will need to 

determine whether this adjunctive measure results in improved outcomes after DO of the 

irradiated craniofacial skeleton.
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Figure 1. 
Preoperative photographs. A) Frontal, B) Lateral and C) Intraoral views displaying severe 

radiation-induced midface hypoplasia. Note class III malocclusion with 12 mm negative 

overjet.
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Figure 2. 
Intraoperative photograph demonstrating placement of catheters for deferoxamine 

administration.
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Figure 3. 
Postoperative photographs after maxillary distraction. A) Frontal, B) Lateral, and C) Intra-

oral views displaying advancement of maxilla and correction of class III malocclusion.
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Figure 4. 
CT imaging following three months of consolidation. A) Sagittal sections through maxilla 

showing advancement. B) Axial section through pterygomaxillary buttress with region of 

interest highlighted inside green lines. C) Quantification of CT images demonstrated 

increased pterygomaxillary buttress area and density on left side.

Momeni et al. Page 9

J Craniofac Surg. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Axial CT section through region of distraction. Yellow arrows point to region of 

zygomaticomaxillary buttress and white arrows point to region of pyriform rim. Note 

increased bone formation at this site on left side treated with deferoxamine.
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