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11-year-old female status post posterior cervical spine
fusion with rhBMP-2 who suffered immediate extuba-
tion failure due to severe obstruction from upper airway
edema. Endotracheal intubation could not be successful-
Introduction ly performed, and ultimately the patient requiredemer-
gent bedside tracheostomy.
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Bone morphogenetic proteins (BMPs) represent a fam-
ily of differentiation factors that promote bone formation  Case Report
and remodeling [1]. Clinical use of recombinant BMP was
approved by the US Food and Drug Administration (FDA) in
2002 for surgery of the anterior lumbar spine to promote
bone fusion [2]. Due to robust bone forming properties,
BMP use may increase the likelihood of bony fusion there-
by decreasing the undesired outcome of pseudarthrosis or
nonunion [3]. Two BMP products are commercially avail-
able for clinical use, one of which is rhBMP-2, known as IN-
FUSE. (MedtronicSofamorDanek, Memphis, Tennessee).

An 11-year-old female who was admitted to the pe-
diatric intensive care unit (PICU) intubated and mechan-
ically ventilated with severe traumatic brain injury and
occipito-cervical dislocation following a high speed motor
vehicle collision, underwent both posterior arthrodesis
from occiput to C3 and open reduction of cranio-cervical
dislocation on hospital day 7. As part of the procedure,
osteopromotive material (INFUSE) was used to help with
bone formation and growth. The patient tolerated the

Although BMPs are FDA approved for use only in procedure well and returned to the ICU intubated and
the lumbar spine, there has been an increase in off-la-  ¢aqated.

bel use at other spine levels, including the cervical spine

[4]. Complications following use have been reported for Over post-operative days 1-3 (hospital days 8-10),
both lumbar as well as cervical fusion procedures. Serious ~ the patient became more responsive, began moving
complications of cervical fusion procedures using BMP’s ~ €xtremities spontaneously, and responding to com-
include neck swelling, airway edema, dysphagia, and se-  mands. Despite the dramatic improvement in neuro-
romas [4-9]. These findings have been associated more  logic status, the patient became persistently febrile and
frequently with anterior cervical fusion procedures. There  tachycardic approximately 9 hours after the procedure
are fewer studies describingthe clinical impact of side ef-  on hospital day 8 (Figure 1 and Figure 2). At the time,
fects associated with use of rhBMP-2 in patients under-  the patient had been receiving antibiotics for 4 days to
going posterior cervical spine fusion procedures, particu-  treatmethicillin sensitive staphylococcus aureus bacte-
larly in the pediatric population. We present a case of an  remia. Daily blood cultures since hospital day 4 showed
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Figure 1: Heart rate trend from immediately post operation to time of failed extubation attempt (53 hours post operation).
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Figure 2: Temperature trend from immediately post operation to time of failed extubation attempt (53 hours post operation).

no growth, blood counts were reassuring, and daily chest  id sequence intubation was attempted without the ability
x-rays showed stable right lower lobe airspace disease  to visualize the vocal cords due to a beefy red and grossly
consistent with atelectasis. edematous tongue, epiglottis, and posterior oropharynx.
The anesthesia team was called to the bedside for assis-
tance with emergent airway management and additional
attempts were made to secure an oral-tracheal airway,
including direct laryngoscopy and fiberoptic bronchosco-
py, all of which were unsuccessful. Ultimately, general
surgery performed an emergent bedside tracheostomy.

On hospital day 10 (53 hours post-operation), the pa-
tient demonstrated good lung compliance requiring mini-
mal ventilator settings and low oxygen requirements. Her
sedation was weaned and she was appropriately respon-
sive to commands. Tracheal extubation was performed
in the PICU. Upon removal of the endotracheal tube, the
patient demonstrated severe distress with forceful retrac- After the event, the patient was noted to have pro-
tions but undetectable air exchange on exam, suggesting  gressive tongue swelling and continued to be febrile
severe upper airway obstruction. Saturations quickly fell ~ and tachycardic over the next week. Patient continued
to below 50% and bag-mask ventilation was initiated. Rap-  to undergo infectious workup, including daily complete
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blood counts, daily blood cultures, daily chest x-rays, risk for airway swelling and implement processes to
and an abdominal ultrasound looking for splenic abscess  safeguard them such as increased vigilance and aware-
in the days following the failed extubation attempt. Oth-  ness of the progressive swelling, caution against early
er than a white blood cell count of 29.1 k the day after  extubation, increased utilization of leak pressures, po-
the event (which declined over the next several days), tential perioperative steroids, and consideration of pri-
all blood cultures and the abdominal ultrasound were  mary tracheostomy depending on the clinical context.
unremarkable for an infectious process. Furthermore,
daily chest x-rays continued to show stable right lower
lobe airspace disease consistent with atelectasis. For- No funding was secured for this study.
tunately, the patient was able to be weaned to room
air through her tracheostomy over the 3 days follow-
ing her tracheostomy. She remained hospitalized for The authors have no financial relationships relevant
a total of 45 days receiving inpatient rehabilitation for g this article to disclose.

her traumatic brain injury. She was ultimately discharge .

home without the need for supplemental oxygenation.  Conflict of Interest

9 months later, at the time of this submission; patient The authors have no conflicts of interest to disclose.
has not yet been decannulated.
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Discussion
Bradley J. Scherer and Brian D Leland: Drs. Scherer and

Our patient had undergone a posterior cervical fusion | gjand conceptualized and designed the case report, draft-

with rhBMP 2 (INFUSE), and likely,the emergency upper  eg revised, and approved the final manuscript as submit-

airway obstruction complicating her tracheal extubation  {gq.

were related to rhBMP-2’s associated inflammatory re-

sponse.Researchers have looked into the mechanism of ~References

action that results in the inflammatory response associat- 1. Urist MR, Huo YK, Brownell AG, Hohl WM, Buyske J, et al.

ed with rhBMP-2. The proposed mechanism for the soft (1984) Purification of bovine bone morphogenetic protein

tissue edema occurs via activation of endothelial cells and gyAhg;j'r%?qag:;tslte chromatography. Proc Natl Acad Sci U

stimulation of vascular endothelial growth factor [10-12]. ' '

As BMP activates the pathways required to promote bony 2. _https://www.fda.gov/ohrms/dockets/ac/04/br|ef-

. s . ing/4024b1_05_DRAFT%20SSED.htm

fusion, it initiates these inflammatory pathways as well,

contributing to tissue edemamanifesting as neck swelling 3. Burkus JK, Sandhu HS, Gomet MF, Longley MC (2005) Use

and dysphagia [5,13,14]. Furthermore, the coupling of os- of rhBMP-2 in combination with structural cortical allografts:
X K : L. R . clinical and radiographic outcomes in anterior lumbar spinal

teogenesis with angiogenesis is hypothesized to resultin surgery. J Bone Joint Surg Am 87: 1205-1212.

leaky, immature blood vessels that contribute to increased

S . . . . 4. hill KS, Chi JH, Day A, CI EB (2 P I , -
fluid in adjacent tissues [8]. As a result, perioperative ste- Cahill KS, Chi JH, Day A, Claus EB (2009) Prevalence, com

plications, and hospital charges associated with use of

roids have been describes as good therapeutic agents that bone-morphogenetic proteins in spinal fusion procedures.
may help prevent these complications [6,15,16]. Our pa- JAMA 302: 58-66.
tient did not receive perioperative steroids. 5. Shields LB, Raque GH, Glassman SD, Campbell M, Vitaz T,

This discussion requires distinction between the soft et al. (2006) Adverse effects associated with high-dose re-
combinant human bone morphogenetic protein-2 use in ante-

tissue edema caused by rhBMP-2 and soft tissue ede- rior cervical spine fusion. Spine (Phila Pa 1976) 31: 542-547.
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Increased swelling complications associated with off-label
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vical fusion surgery as likely secondary to prolonged or la Pa 1976) 31: 2813-2819.

excessive retraction on the anterior cervical soft tissues. 7. singh K, Ahmadinia K, Park DK, Nandyala SV, Marquez-Lara
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[6]. Our patient did not appear to demonstrate signs or ture. Spine (Phila Pa 1976) 39: 91-101.
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mediate postoperative course, but rather at the time of (2011) Complications associated with recombinant human
bone morphogenetic protein use in pediatric craniocervical
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We use this case to highlight the importance of ex- 9. vaidya R, Carp J, Sethi A, Bartol S, Craig J, et al. (2007)
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