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Introduction
Ventral cervicomedullary compression may result from sev-
eral pathologic entities, including congenital anomalies, de-
generative pannus, and metastatic disease. Traditional
management algorithms include in situ fixation and an
attempt at closed reduction followed by posterior fusion.1

For cases with irreducible ventral compression, an anterior

decompression may be required. A transoral approach (TOA)
has been the traditional corridor for resection of lesions in
this region,1,2 but growing enthusiasm for endonasal access
(via an endoscopic endonasal approach [EEA]) to the cranio-
cervical junction is changing this paradigm.3–5

Despite differences in operative technique, intraoperative
imaging modalities have traditionally been similar for both
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Abstract Introduction Cervicomedullary compression often requires an anterior approach to
address the compressive vector. In certain cases an endoscopic endonasal approach
(EEA) is ideal for decompression. It is essential that an adequate decompression be
achieved and verified before the patient leaves the operating room. The purpose of this
study was to evaluate the use intraoperative computed tomography (IO-CT) in assessing
the adequacy of decompression.
Methods A retrospective chart review revealed 11 cases of EEA odontoid resection IO-
CT verification of decompression. Operative reports and review of imaging was used to
determine if further decompression was performed following the intraoperative scan.
Results Out of 11 EEA cases, 4 (36%) patients showed evidence of residual compres-
sion following an initial IO-CT. Further operative decompression was undertaken
following the first scan in all cases. A second intraoperative scan was then used to
confirm complete decompression. No patient left the operating room with residual
compression.
Discussion IO-CT provided valuable utility in 36% of the cases after the initial resection
was incomplete. The standard fluoroscopic guidance may not provide adequate
resolution and enhanced utility like IO-CT.
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approaches. Intraoperative fluoroscopy is often used in con-
junction with radio-opaque contrast to confirm decompres-
sion.6,7 The introduction of advanced imaging modalities in
the 1970s has allowed for diagnostic-quality, high-resolution
images to guide intraoperative decision making.8,9 More
specifically, intraoperative computed tomography (IO-CT)
has proved useful for delineating the adequacy of surgical
decompression at the cervicomedullary junction.10,11

Methods

Between February 2004 and August 2011, 31 patients under-
went endoscopic endonasal surgery (EES) for craniocervical
decompression at the authors’ institution. Eleven of the
surgeries were performed with the aid of IO-CT between
August 2008 and March 2011. A 64-slice multidetector CT
scanner (GE LightSpeed, GEHealthcare, Chalfont St. Giles, UK)
was used to acquire the CT scans. Contiguous 0.625- or 1.25-
mm images at 120 kVP and 240 mA were obtained. Image
acquisition time was <1 minute in all cases. The goal of this

study was to determine the utility of IO-CT for verifying
adequate decompression and thus avoiding a return to the
operating room.

All patients were placed in a radiolucent Mayfield head
holder affixed to the IO-CT scanner bed. Image guidance
(Stryker, Kalamazoo, MI, USA) was registered using a preop-
erative CT angiogram. A binarial approach to the posterior
nasopharynx was undertaken in all cases as previously
described5. Briefly, the nasopharyngeal fascia was dissected
away from the inferior clivus, anterior arch of C1, and
odontoid process. The arch of C1 was resected and the
odontoid process was removed. In cases of degenerative or
rheumatoid pannus, the soft tissue pannus was resected until
visualization of pulsatile tectorial membrane or dura was
achieved.

Following decompression, sterile drapes were placed over
the operative field and the intraoperative CT scan was ob-
tained. The patient was removed from the CT bore while the
scan was assessed by the operating surgeons for extent of
decompression (►Fig. 1). In cases where the decompression

Fig. 1 Preoperative sagittal and axial computed tomography (CT) scan showing degenerative C1–2 changes causing cervicomedullary
compression (A). Intraoperative CT verifying decompression (B).
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was felt to be adequate, reconstruction of the defect was
begun. In cases where residual compression was observed,
further decompressionwas undertaken and finally confirmed
with a repeat IO-CT scan (►Fig. 2).

Results

Between 2008 and 2011, 11 patients (8 female and 3 male)
with a mean age of 44 years (range 9 to 79) underwent a fully
endoscopic endonasal odontoid resection utilizing an IO-CT
scan. Out of the 11 surgeries, 4 cases showed residual
compression on the intraoperative scan. All 4 patients had
residual compression resected during the same anesthetic.
Decompression in these cases was verified with a second
intraoperative scan. This translates to a utility rate of 36% for
IO-CT imaging in EES (►Table 1).

Discussion

Since the introduction of CT in the early 1970s,12 it has been
well known that this imaging modality held great potential
for diagnostic purposes. However, the adaptation of IO-CT in
neurosurgery has been relatively slowcomparedwith its near

ubiquitous use in perioperative settings. This underuse is
likely attributable to the cost and operating room (OR) space
required to implement such a system. Since the 1980s there
has been an effort to promote IO-CT integration for various
neurosurgical diagnoses ranging from skull base pathologies
to intracranial metastases.8,13 However, early limitations in
CT imaging pertained to image quality, high radiation expo-
sure, and lack of reconstructive software.14

Modern systems provide high-resolution images with
coronal, sagittal and three-dimensional reconstructions.15

Regarding the issue of practicality in the ORs, Uhl et al have
found that IO-CTonly interrupted surgery for 9 to 15minutes
in a total of 230 cases (136 intracranial, 94 spinal); in their
study, it changed the course of 16 (7%) cases by helping
identify nonideal pedicle screw placements.14

In addition to superior image quality and practicality,
modern CT scanners minimize radiation exposure to the OR
staff compared with fluoroscopic imaging systems.16 By
increasing the number of detectors, current CT configurations
require fewer x-ray tube rotations for a given volume and
dramatically shorten the data acquisition period compared
with fluoroscopy or conventional tomography.17,18 Newer
mobile CT scanners minimize exposure to patients by

Fig. 2 Left, initial intraoperative scan showing residual compression (arrow). Radio-opaque dye was used to provide contrast during this scan.
Right, second intraoperative scan showing removal of the residual compression.
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implementing online tube current modulation. In this tech-
nique, x-ray dose is dynamically reduced when patient
diameter is smaller without compromising image quality.19

Clearly, IO-CT holds the potential to deliver superior levels of
accuracywhileminimizing radiation exposure and improving
resection extent in a timely manner.

Among the 11 cases of endonasal odontoid resection with
IO-CT performed over the last 3 years at our institution, the
added imaging technique improved the detection of residual
compression after initial resection in 36% of cases. By using
IO-CT, four patients had an improved radiographic decom-
pression under the same anesthetic. Especially given the
learning curve associated with endoscopic surgery, this
may provide significant value in maintaining quality of care
during the acquisition of this learning curve. Although the
sample size is relatively small, it must be noted that the
incidence of odontoid pannus is considerably lower than that
of other cervical spine pathologies in the general popula-
tion,20 and the need for anterior decompression is rare.

The rationale for using IO-CT in bony craniocervical junc-
tion decompression surgery is important to understand.
Intraoperative CT-based navigation provides real-time feed-
back to the surgeon, which is invaluable for the rapid confir-
mation of adequacy of decompression. Due to its enhanced
accuracy, CT-based image guidance can account for subtle
changes in patient positioning and spinal alignment. The first
IO-CT scan in our protocol is used to gauge the extent of
decompression, and, if residual compression is observed,
subsequently resect it. When performed, this second resec-
tion is followed by another IO-CT scan to confirm the com-
plete removal of all compressive elements. Although the
clinical significance of this additional decompression is un-
known, it can only be beneficial to ensure an ideal radio-
graphic result.

Traditional fluoroscopic techniques are efficient, have
low maintenance costs, and are commonly used in many
surgical suites. However, their inferior image quality rela-
tive to CT scans, as demonstrated by previous studies, is a
cause for concern.21,22 Another disadvantage of the stan-
dard C-arm fluoroscopy guidance is the lack of three-
dimensional view including coronal and sagittal reconstruc-
tions, which can be essential to a surgeon’s understanding
of complex craniocervical anatomy. With EES, the inferior
lateral margins are often more challenging to completely
access, and it is impossible to ensure the adequacy of bone
removal in this location with fluoroscopy. In another study
of IO-CT use for improving placement of spinal instrumen-
tation performed at our institution, three patients in the
fluoroscopy group required repeat surgery as opposed to
none in the IO-CT group.18 Similarly, in our series of
endonasal odontoid resections, repeat surgery was poten-
tially avoided in 36% of the cases after residual compression
was detected with the aid of IO-CT. An alternative to
standard fluoroscopy is three-dimensional C-arm fluoros-
copy. Although this technology can improve resolution and
provide coronal/sagittal reconstructions, it is not up to par
with the quality of modern IO-CT.7,18,23 More importantly,
the three-dimensional fluoroscopy system cannot be used
for intracranial pathologies due to the poor resolution of
soft tissues and blood vessels.24 Comparison of preoperative
CTwith any other intraoperative imaging techniquewill add
yet another degree of uncertainty and inaccuracy. Lastly,
other modalities such as intraoperative MRI are costly and
inefficient, requiring compatible instruments and anesthe-
sia equipment.25,26 In addition, almost all patients who are
appropriate candidates for ventral decompression have
largely bony compression, which is far better evaluated
with CT than MRI. In the rare cases where a significant

Table 1 Patients and pathologies addressed by endoscopic endonasal approach with intraoperative computed tomography (IO-CT)

Patient Sex Age Surgery date Pathology Evidence of
residual compression
on initial IO-CT scan

1 F 11 08/2008 Basilar invagination with
retroflexed odontoid process

No

2 M 74 09/2008 Odontoid pannus Yes

3 F 18 10/2008 Basilar invagination with chiari No

4 F 71 10/2008 Odontoid pannus with synovial cyst No

5 F 10 02/2009 Basilar invagination Yes

6 F 41 03/2009 Os odontoideum with C1–2 subluxation No

7 M 31 08/2009 Cranial settling s/p chiari
decompression and previous
transoral resection

No

8 F 9 09/2009 Basilar invagination No

9 F 79 11/2009 Basilar invagination s/p
chiari decompression

Yes

10 M 79 11/2009 Basilar invagination Yes

11 F 61 03/2011 Basilar invagination No
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soft tissue component exists, CT is able to evaluate this as
well (►Fig. 3).

Conclusions

Intraoperative CT provides useful information to rapidly
confirm adequacy of decompression during endoscopic en-
donasal odontoid resection and cervicomedullary junction
decompression. When available, this modality should be
used to prevent the need for secondary surgeries due to
inadequate initial decompression. This may hold increased
value during the learning curve for new techniques such as
EES.
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