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A B S T R A C T

BACKGROUND
Intraoperative imaging offers potential for utility in many clinical scenarios. Portable
computed tomography (CT) offers a versatile potential alternative when immediate imag-
ing may alter the surgical plan and magnetic resonance imaging is not practical.
METHODS
The medical records from the University or New Mexico were reviewed for portable head CT
scans done in the operating room since the scanner has been available. Operative reports
and imaging studies were reviewed to determine changes in surgical decision after the CT
scan.
FINDINGS
The portable head CT scanner was used in 50 cases from May 2007 through March 2010.
Average operative time overall was 121 minutes and for reservoir placement was 54
minutes. Procedures included reservoir placement (28%), tumor resection (24%), cere-
brospinal fluid shunting (24%), vascular lesion resection (8%), trauma craniotomy (6%),
abscess drainage (4%), stereotactic biopsy (4%), and open reduction internal fixation
of facial fractures (2%). Findings on the CT scan lead to alterations in the surgical plan
16 times (32%).
CONCLUSION
In select cases, intraoperative portable head CT leads to changes in the surgical plan
in 32% of cases. This potentially prevents a return to the operating room and offers a
cost-effective alternative to fixed intraoperative imaging facilities.

Introduction
Advantages of intraoperative imaging have been described in
the literature, including magnetic resonance imaging (MRI)1,2

and fixed computed tomography (CT).3 The high cost and lim-
ited versatility of purely intraoperative systems have led to the
development of “dual use” scanners that can also be used for
diagnostic imaging adjacent to the operating suite.4 Still, these
systems are often prohibitively expensive. In addition, special
precautions must be taken to operate near the high magnetic
field. In addition, the setup and dedicated time with the scan-
ner make it less useful for more “routine” neurosurgical cases,
where intraoperative imaging may be useful.

Portable CT in some form has been available at many cen-
ters for several years.5-9 Intraoperative uses including skull base
applications8-10 and tumor resection 6 have been reported. With
the acquisition of a newer generation portable head scanner
(CereTom- NeuroLogica, Danvers, MA), we have performed
over 3000 CT scans, mostly at the bedside (unpublished data).
The image quality of the CereTom scanner has been carefully
validated.11 We have also used the scanner in select operative
cases to aid in decision making. This study examines how fre-
quently changes in the plan were made based on these data.

Methods
A retrospective review of all portable head CT scans done at our
institution since the acquisition of the scanner was performed.
Local institutional review board approval was obtained. Scans

done in the operating room were further selected, and the oper-
ative reports, anesthesia records, and CT images were reviewed.
Length of surgery, diagnosis, procedure, role of the CT scanner,
and incidence of changes to the operative plan were noted.

Results
Since the acquisition of the portable CT machine, 50 intraop-
erative portable head CT scans have been performed (between
May of 2007 and March of 2010). Average time of surgery was
121 minutes for all cases (range 31-563 minutes) and 54 min-
utes for CSF reservoir placement only. The diagnoses and types
of procedures are listed in Table 1. Most scans were noncon-
trasted, and the most common use was for evaluating ventricular
catheter position (28 [54%]). The remaining uses are listed in
Table 1.

In 16 cases (32%), significant changes were made to the
operative plan after obtaining the scan due to unexpected find-
ings. Most of these (10) were for repositioning of a ventricular
catheter (either for reservoir or for shunting) to ensure optimal
positioning. The complete breakdown of changes to surgical
plan by procedure type is shown in Figure 1.

Illustrative Cases

Case 1

This 55-year-old female had a diagnosis of central nervous sys-
tem (CNS) leukemia and a cerebrospinal fluid (CSF) reservoir
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Table 1. Results

Time period May 2007-March 2010
Patients 50
Mean OR time

(minutes)
121 (range 31-563)

Mean time for
reservoir (minutes)

54

Diagnoses Tumor 19 (38%)
Lymphoma/Leukemia 10 (20%)
HCP/ persistent CSF leak 8 (16%)
Trauma 4 (8%)
AVM/ cavernoma 4 (8%)
Pseudotumor cerebrii 3 (6%)
Abscess 2 (4%)

Procedure CSF/Cyst reservoir 14 (28%)
Tumor resection 12 (24%)
VPS/VAS 12 (24%)
AVM/Cavernoma

resection
4 (8%)

Crani for trauma 3 (6%)
Abscess drainage 2 (4%)
Stereotactic biopsy 2 (4%)
ORIF facial fractures 1 (2%)

Scan type Noncontrasted 40 (80%)
Contrasted 4 (8%)
With/without contrast 3 (6%)
Noncon/CTA 3 (6%)

Use of scanner Evaluate catheter position 28 (54%)
(some cases with Evaluate resection 13 (26%)
multiple uses) Pre-op/intra-op localization 8 (16%)

Rule out hematoma or
expansion

4 (8%)

Confirm biopsy of target 2 (4%)
Confirm fracture reduction 1 (2%)
Foreign body retrieval 1 (2%)

Number of times
plan altered

16 (32%)

Type of change Catheter repositioned 10
Further resection 3
More foreign body

removed
1

Bone floated (due to mass
effect)

1

Contralateral craniotomy 1

was requested by the oncology service. Given the relatively
small ventricular size and the need for accuracy of the catheter
holes entirely within the ventricle, intraoperative portable head
CT was used. After the first pass, clear CSF was returned, and
a CT was performed (Fig 2A). The trajectory was appropriate,
but the catheter was thought to be too short, being only visible
on two 5 mm slices in the ventricle. A longer catheter was then
repassed, and a second CT showed the distal 2 cm of catheter
entirely within the ventricle (Fig 2B). This study confirmed po-
sitioning, allowing for immediate utilization of the reservoir by
the oncology service. The patient would likely have required
a revision due to concern of toxicity to the parenchyma if the
intraoperative study had not been performed.

Case 2

This 14-year-old male presented with a severe traumatic brain
injury after falling off of a moving car. His initial imaging

Fig 1. Chart showing the number of each type of procedure and the
number of cases in which a change to the surgical plan was made
after intraoperative portable imaging.

showed a 1-cm right sided subdural hematoma with right to
left midline shift and signs of right temporal contusion (Fig 3).
In addition, a small epidural hematoma was seen on the left
temporal region with an overlying fracture. He was taken to the
operating room for a right-sided decompressive craniectomy,
and there was concern that decompressing the right side could
potentially relieve any tamponade effect stopping the epidural
on the left from expanding. A portable head CT was done in
the operating room after the decompression that showed sig-
nificant expansion of the left epidural hematoma, and so a left
craniotomy was performed. The intraoperative scan eliminated
the need to transport the patient to radiology and back to the
operating room, saving significant time in the diagnosis and
treatment of the new hematoma.

Case 3

This 51-year-old female presented with worsening headaches
and a previous diagnosis of right frontal anaplastic oligoden-
droglioma. Her new MRI (after 5 years of being lost to follow-
up) showed that the previously small lesion had grown dra-
matically, occupying most of the right frontal lobe (Fig 4). She
was taken for surgical debulking and decompression of the tu-
mor, particularly the severely distorted ventricular system. An
intraoperative CT was performed to assess the amount of resec-
tion and to determine whether the ventricles were adequately
decompressed. The CT showed some residual area of tumor,
which was thought to continue to distort the ventricle, as evi-
denced by slightly different CT attenuation and the presence
of calcifications. The remaining calcified tissue was further re-
moved. An MRI 1 month later showed that the ventricular
system had returned to midline position and that there was
only a small peripheral area of residual contrast enhancement.
The intraoperative CT in this case showed some residual tu-
mor that could be safely debulked without risking entering the
ventricle.
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Fig 2. Axial CT series obtained intraoperatively for ventricular reservoir placement. Series a shows that the ventricular catheter enters the
ventricle on only two slices. Series b shows the catheter positioned to the interior frontal horn, confirming that all the ventricular catheter holes
are in the ventricle.

Fig 3. Series of axial CT scans from case 2. (A) Initial select CT levels showing the left epidural hematoma and right subdural hematoma with
some effacement of the right lateral ventricle and right to left midline shift. The white arrow shows the fracture and the image above shows the
associated epidural hematoma at the same level. (B) The intraoperative CT showing decompression of the right hemicranium with expansion of
the epidural hematoma seen earlier (black arrow with white rim). (C) Postoperative CT showing hematoma evacuation on the left and temporal
decompression on the right.

Discussion
It is intuitive that having real time, precise anatomic informa-
tion intraoperatively may be beneficial in many neurosurgical
procedures. Image-guided navigation is one technique, how-
ever has some inherent inaccuracy, and becomes increasingly

inaccurate if anatomy changes intraoperatively.12,13 Intraop-
erative imaging is becoming more common, particularly with
availability of dual-use systems,2-4 however remains fixed to a
single operating room suite, requires specific instrumentation
and is often costprohibitive.
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Fig 4. Images from case 4. (A) Preoperative T1 MRI with contrast, showing the large right frontal, contrast enhancing lesion. (B) Intraoperative
CT, showing continued distortion of the ventricular system and some calcified tumor remaining in the bed (white arrows). (C) One-month
postoperative contrasted T1 MRI, showing return to midline of the ventricular system and some peripheral frontal residual enhancement.

The CereTom portable-head CT machine is an eight-slice
scanner made only for head imaging—increasing its portability,
but limiting use in the rest of the body or spine. It is capable of
performing most standard CT protocols including navigation
protocols, contrasted studies, CT angiography, CT perfusion,
and xenon/CT.14,15 A special head holder is used for cases
where the scanner is to be used, either with a simple carbon-
fiber headrest, or with a radiolucent pin-fixation system. The
field is entirely covered with a c-arm drape to maintain sterile
field during scanning. The portability of the scanner has been
important for us in that it can be used in any of our operating
rooms, rather than in a single room with a fixed scanner. Since
many cases where we desired to use the scanner were “smaller”
cases such as shunts and biopsies, this versatility is important in
being able to use any available room.

Accurate placement of ventricular catheters has been
our primary utility of the device. Rates of malpositioning
of catheters with image-guided systems range from 1.2 to
10%,12,13 and particularly for CSF reservoirs, a misplaced
catheter typically requires operative repositioning due to po-
tential for parenchymal toxicity of intrathecal chemotherapy.16

Though fluoroscopy, ventriculography, and endoscopy have
been used, it is still recommended that all patients obtain a
postoperative CT as the definitive test prior to instilling any
agent.16,17 With the availability and relative ease of intraop-
erative portable-head CT, obtaining this confirmation intra-
operatively seems intuitive. In addition, our operative times
for reservoirs remained relatively low at less than an hour
average.

The scanner was used in a wide variety of additional cases,
and seems to be useful in any situation where updated knowl-
edge of gross anatomy is desired. It lacks the fine detail of MRI,
but can clearly determine if there is gross tumor remaining, if
there is still mass effect, and relation of the resection cavity to
vital structures that may have shifted. We used CT angiography
on several occasions, and this may present a viable alternative
to intraoperative angiography, particularly in cases where po-
sitioning can be challenging. Since the scanner is capable of
interfacing with the image-guided navigation system, the abil-
ity to obtain image data intraoperatively and merge to existing

data offers the ability to update navigation accuracy as anatomy
changes.

Limitations of the system are primarily related to position-
ing and body habitus. With the scanner gantry positioned at the
level of the shoulders when starting the scan, imaging is usu-
ally completed starting at the upper cervical region, however in
larger patients, accurate skull base imaging can be challenging.
Head position must be carefully planned prior to draping if an
intraoperative scan is desired. Using portable CT undoubtedly
adds some additional operative time to the case as well, how-
ever, as the technology becomes more routine this becomes less
of a concern.

Conclusions
Intraoperative portable-head CT leads to change in operative
plans in 32% of selected cases. This potentially avoids return to
the operating room and can diagnose or rule out remote lesions
in need of additional intervention. The portable configuration
allows for increased versatility and cost-effectiveness compared
to fixed systems.
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