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A modern multidisciplinary approach to a large cervicothoracic chordoma using staged
en bloc resection with intraoperative image-guided navigation and 3D-printed modeling:
illustrative case
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BACKGROUND Cervicothoracic junction chordomas are uncommon primary spinal tumors optimally treated with en bloc resection. Although en bloc
resection is the gold standard for treatment of mobile spinal chordoma, tumor location, size, and extent of involvement frequently complicate the
achievement of negative margins. In particular, chordoma involving the thoracic region can require a challenging anterior access, and en bloc resection
can lead to a highly destabilized spine.

OBSERVATIONS Modern technological advances make en bloc resection more technically feasible than ever before. In this case, the successful en
bloc resection of a particularly complex cervicothoracic junction chordoma was facilitated by a multidisciplinary surgical approach that maximized the
use of intraoperative computed tomography–guided spinal navigation and patient-specific three-dimensional–printed modeling.

LESSONS The authors review the surgical planning and specific techniques that facilitated the successful en bloc resection of this right-sided
chordoma via image-guided parasagittal osteotomy across 2 stages. The integration of emerging visualization technologies into complex spinal
column tumor management may help to provide optimal oncological care for patients with challenging primary tumors of the mobile spine.

https://thejns.org/doi/abs/10.3171/CASE2023
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Chordomas are uncommon primary spinal column tumors arising
from embryonic remnants of the notochord. They have a male pre-
dominance, a peak incidence in the 5th and 6th decades of life,1–4 and
an estimated overall incidence of 0.18 to 0.8 per 1,000,000 persons per
year.5 Median survival is estimated at 6.29 years.1 The majority of
chordomas arise in the sacrococcygeal (45–50%) and sphenooccipital
(35–40%) regions, with only 10–15% occurring in the mobile (C1–L5)
spine.1 Typically, chordoma is slow growing and invasive; in the mobile
spine, recurrence is seen in 60–100% of cases without en bloc
resection.1,6–8

Definitive management of chordoma is en bloc resection with wide
margins to preserve the tumor capsule, minimize residual tumor cells,
and reduce the risk of recurrence.2,3,7–10 En bloc resection is technically

demanding, but substantial literature supports its use and efficacy in the
mobile spine.7,11–18 These lesions often require a challenging anterior
access through the thoracic or peritoneal cavities and can lead to
significant spinal destabilization requiring innovative approaches to
reconstruction, stabilization, and fusion. Adaptations to improve the
feasibility of en bloc resection have included multistaged surgeries,
collaboration across surgical specialties, minimally invasive tech-
niques, and image-guided navigation.11,12,15,17,19–21

Through this case, we describe the multidisciplinary surgical man-
agement of a large cervicothoracic chordoma in which intraoperative
utilization of computed tomography (CT)-guided navigation and patient-
specific three-dimensional (3D)-printed tumormodeling aided a successful
2-stage en bloc tumor resection and spinal reconstruction.

ABBREVIATIONS 3D = three-dimensional; CT = computed tomography; CTA = computed tomography angiography; MRI = magnetic resonance imaging.
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Illustrative Case
A 68-year-old male with no significant medical history presented to

the outpatient clinic with 6 months of numbness, paresthesias, and
progressive, severe, radicular pain along the medial aspect of his right
upper extremity. He denied any left-sided pain, lower extremity
weakness, balance problems, and bowel or bladder symptoms. On
examination, decreased pinprick sensation was observed in the right
C8 and T1 nerve distributions with full preservation of strength. He
subsequently developed a right-sided miosis, ptosis, and anhidrosis
characteristic of Horner syndrome.

Diagnosis and Staging
Magnetic resonance imaging (MRI) revealed an intrathoracic tumor

occupying the apex of the right lung with significant right-to-left de-
viation of both the trachea and esophagus. The lesion appeared to
involve the right-sided 1st–4th ribs, C6–T4 vertebral bodies, C8–T4
neural foramina, brachial plexus, brachiocephalic trunk, subclavian
artery, and vertebral artery, without intraspinal epidural extension
(Fig. 1). The tumor measured 9.3 cm (craniocaudal) by 6.2 cm (left-
right) by 6.8 cm (anterior-posterior). A Pancoast tumor was initially
suspected, but positron emission tomography imaging demonstrated
minimal fluorodeoxyglucose uptake, and CT-guided biopsy revealed
physaliferous cells with positive brachyury staining, both consistent
with chordoma. The tumor was Enneking stage IB.

Preoperative Planning
Due to invasion of spinal and intrathoracic structures, en bloc

resection necessitated combined anterior and posterior approaches.
First, an anterior approach would be used to free the tumor from
thoracic, neurovascular, and osseous structures and to perform
multilevel parasagittal vertebral body osteotomies. Second, a posterior
approach would permit en bloc resection of the tumor, along with
involved posterior vertebral elements, chest wall, and T1–T4 nerve
roots.

Additional preoperative imaging was obtained, including high-
resolution MRI of the spine, brain, and right shoulder (T1- and T2-
weighted sequences) and CT angiography (CTA) of the neck. These
studies facilitated tumor mapping for intraoperative stereotactic nav-
igation and creation of a precise, full-size, 3D-printed model of the
tumor and adjacent anatomy (Fig. 1). Both the 3D-printed model and
the CTA demonstrated that the tumor completely encased the right
vertebral artery, indicating intraoperative sacrifice to achieve en bloc
resection. The CTA indicated that bilateral vertebral arteries were
codominant.

Stage I: Anterior Trap-Door Approach to the Cervicothoracic
Junction With Parasagittal Vertebral Body Osteotomy

Thoracic surgery personnel performed an anterolateral cervical
incision and right-sided trap-door thoracotomy22 extending through

FIG. 1. T2-weighted MR images of the cervicothoracic chordoma in sagittal (A), axial (B), and coronal (C) planes of view,
demonstrating extensive involvement of adjacent chest wall and vascular structures, as well as right-to-left tracheal and
esophageal displacement. A full-size plastic 3D model (D–F) was printed using layered manufacturing on a Stratasys J750
printer (StrataSys Ltd.) after virtual reconstruction of the patient’s anatomy from preoperative MRI and CTA imaging sets.
Anatomies of interest were manually or semi-automatically segmented using 3D Slicer (v. 4.10, Massachusetts Institute of
Technology and Brigham andWomen’s Hospital), including bone (white), trachea (blue), and arterial blood flow (pink) from
the CTA, as well as tumor (green), esophagus (brown), intervertebral discs (blue), and spinal cord and nerve roots (yellow)
from the T2-weighted MRI.
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the 4th intercostal space and involving bisection of the sternum
to expose the vertebral bodies of the cervicothoracic junction an-
teriorly (Fig. 2). Anterior structures were mobilized and separated from
the tumor capsule. The right-sided vertebral artery was isolated as much
as possible but could not be completely skeletonized anteriorly.

Intraoperative spinal navigation and tumor mapping were set up
using preoperative MRI and CT imaging and were utilized intra-
operatively to localize critical neurovascular structures and bony
anatomy relative to the tumor (Brainlab). The navigation reference
array was clamped to the exposed 5th rib because of the absence of
other adequate bony reference points following thoracotomy, and an
intraoperative CT was obtained using an AIRO scanner (Brainlab) to
register the image-guided navigation with patient anatomy.

Anterior parasagittal osteotomies were performed medial to the
right-sided tumor through theC6–T4 vertebral bodies using a navigated
drill equipped with a high-speed diamond burr. The right-sided 1st rib
distal to the tumor mass was resected to detach the tumor anteriorly. A
Silastic sheath was inserted between the tumormass and themobilized
vessels, trachea, and esophagus to protect these structures during
stage II. The sternum was reapproximated using steel wire and a chest
tube was placed.

Stereotactic guidance was especially useful during the osteotomies
to ensure a wide, medial margin through the vertebral bodies, which
were partially invaded by the tumor more laterally. The 3D-printed
model was reviewed extensively as a physical reference for the spatial
relationships between key anatomical structures and assisted in real-
time decision-making about the extent and sequence of mobilizing
adjacent structures during the surgical approach.

After stage I, the patient was transferred to the neurocritical care
unit and remained intubated overnight without complications in
preparation for stage II the following day.

Stage II: Posterior Approach to the Cervicothoracic Junction
With En Bloc Resection of the Chordoma and Subsequent
Posterior Cervicothoracic Instrumented Fusion

We performed a posterior midline approach to the cervicothoracic
spine, with right-sided C6–T4 hemilaminectomies to complete right-
sided partial spondylectomies from C6 to T4. Posterior neurovascular
elements were mobilized from the tumor; however, the right-sided
T1–T4 nerve roots and right vertebral artery were ligated and cut due to
suspected or visualized tumor involvement. The tumor was adherent to
the upper lobe of the right lung and chest wall, requiring wedge re-
section by thoracic surgery of the involved lung and chest wall, in-
cluding associated portions of the 1st–5th ribs. Once entirely detached,
the tumormasswas removed en bloc (Fig. 2). Posterior cervicothoracic
instrumented fusion with bilateral dual rods and cross connectors was
performed from C2 to T9 using DePuy Mountaineer and Expedium
systems for the cervical and thoracic portions of the construct, re-
spectively. No right-sided screws were placed from C6 to T4 due to the
hemicorpectomy defect.

AIRO intraoperative CT was used for the placement of thoracic
pedicle screws and tumor mapping during stage II, with a reference
array secured to the T9 spinous process. The 3D-printed model was
used throughout the procedure, particularly during completion of partial
spondylectomies. Upper- and lower-extremity motor evoked and so-
matosensory evoked potentials were used continuously throughout
both stages, with no noted reduction in evoked potentials. Plastic surgery
personnel closed the posterior defect by mobilizing and reapproximating
paraspinous musculocutaneous flaps to minimize the risk of postoperative
wound complications.23

Pathology
Surgical pathology confirmed a 9.0 ´ 5.5 ´ 8.0–cm tumor with an

intact tumor capsule and negative margins and noted invasion of tumor
cells into the 1st rib and parietal pleura but not the wall of the resected
right vertebral artery. Additionally, the tumor was found to invade the T1
and T2 vertebral bodies, the corresponding intervertebral disc, and the
C7 dorsal root ganglion.

Postoperative Course
The patient’s immediate postoperative course was complicated by

ileus, hypotension, new-onset atrial flutter, a decrease in right-sided
grip strength to 3/5 (which improved to 4/5), and new left-sided vision
loss attributed to underlying ischemic optic neuropathy. After 17 days,
the patient was discharged to acute inpatient rehabilitation but was then
readmitted on postoperative day 24 with right pleural effusion, pul-
monary edema, and an anterior chest wall infection requiring surgical
debridement. Blood and tissue cultures were positive for methicillin-
resistant Staphylococcus aureus, which was treated with 2 weeks of
intravenous vancomycin. The patient was discharged home on
postoperative day 42.

At the patient’s 3-month outpatient follow-up, atrial flutter had re-
solved, but right-sided hand weakness related to planned sectioning of
the T1 nerve root was still present at strength 4/5. Improvement in pain
was reported. Spinal imaging at the 4-month follow-up demonstrated
the hardware to be well positionedwithout signs of failure (Fig. 3). At the
6-month follow-up, the patient complained of continued right-hand
weakness as well as right shoulder and extremity neuropathic pain.
Follow-up proton beam radiation to the surgical site was recommended
per standard of care, but the patient declined, citing concern for
plexopathy. At the 1-year follow-up, imaging continued to demonstrate
a stable construct but with possible signs of residual or recurring
disease on MRI; proton beam radiation was again recommended.

Discussion
Observations

In this case, a multidisciplinary team of surgeons successfully
resected a particularly large cervicothoracic junction chordoma en bloc
utilizing multiple increasingly common innovations in visualization
technology to maximize precision and aid team communication. This
case highlights the value of CT-guided navigation coupled with tumor
mapping, which was particularly helpful given the tumor size and the
involvement of several critical neurovascular structures.

Furthermore, preoperative high-resolution MRI and neck CTA
enabled the creation of a 3D-printed model of the chordoma with
surrounding bony, neurovascular, and visceral anatomy. Surgeons
reported that the 3D-printed model improved spatial orientation and
evaluation of local tumor involvement. The tactility of the model was
especially helpful during intraoperative collaboration between thoracic
and neurosurgery personnel, allowing for an enhanced appreciation of
tumor proximity to vital structures and moment-to-moment operative
planning.

Lessons
Multidisciplinary approaches and new technology are becoming

increasingly common in treating mobile spine chordoma.13,24–28 These
include strengthening interdisciplinary collaborations across neuro-
surgery, general surgery, thoracic surgery, head and neck surgery,
plastic surgery, medical and radiation oncology, and rehabilitation
services. This study reinforces the utility of a physical reference during
multidisciplinary operations. Here, the 3D-printed model facilitated
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FIG. 2. An incision was planned from the neck incorporating the sternum and 4th intercostal space, and trap-
door thoracotomy with sternal bisection was performed to achieve anterior exposure of the spine (A). An
intraoperative CTscan was obtained and reviewed with tumor mapping to guide resection (B). Through the
anterior access, adjacent vessels were retracted (C), and the underlying tumor capsule was visible
(D, arrow). A navigation array was secured to the right-sided 5th rib (E). After anterior mobilization of the
tumor, including parasagittal osteotomy through the vertebral bodies, a second stage was performed from
posteriorly. The contralateral (left-sided) rod was placed first, followed by the rest of the instrumentation
consisting of double rods bilaterally as well as cross connectors (F). Another intraoperative CTwas performed
to visualize the complete instrumentation after placement (G). The defect in the chest wall with underlying
structures was visible after tumor resection posteriorly (F andG). The tumor mass was resected with a visibly
intact capsule (H) and was compared side by side with the 3D model (I). The model was used next to the
operating table throughout both stages of the procedure, where it provided a convenient reference for key 3D
relationships between structures, particularly when planning approach and osteotomy (J).
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communication of the operative plan between members of the neu-
rological, plastic, and thoracic surgery teams. Furthermore, 3D-printed
patient-specific modeling can be helpful for making procedural deci-
sions. Here, it was useful for determining the best approach relative to
neurovascular structures adjacent to, abutting, or invaded by tumor and
for anticipating precise osteotomy planes when mobilizing the tumor
from the vertebral column. Due to these and other benefits, the use of
3D printing for surgical planning in spinal surgery is increasing rapidly.29

However, within spinal oncology, reports have been limited to small
case series and case studies.24,30–33 Larger-scale studies are needed to
fully understand the benefits of this technology in spinal oncological
surgery.

The use of intraoperative CT and stereotactic navigation is also
increasing, particularly when tumor margins are obscure and bony
anatomy is distorted or destroyed.28,34,35 These techniques improve
real-time understanding of anatomy to improve surgical accuracy,
protection of vital structures, and precision of cuts around tumor
margins during the osteotomy. Considerations include radiation ex-
posure, complication rates, and cost-effectiveness. Although these
factors are understudied in oncological spine surgery, in degenerative
disease, trauma, and deformity surgery they are largely equivocal, or
even favorable, given low-dose CTand adequate surgical volume over
which to distribute costs.28,34,36–39 This case contributes to the anec-
dotal benefit of navigation for rare, atypical, or particularly large spinal

tumors. Such technology dovetails with 3D printing for complex spinal
oncology surgeries, as both enable greater appreciation of relevant 3D
surgical anatomy as it is explored.

Despite a successful operation from a technical standpoint and our
best efforts, the patient experienced significant morbidity involving
readmission, new neurological deficits, and likely recurrence of disease
at 1 year. This highlights a necessary balance in decision-making for
patients with complex spinal tumor: the risk of greater procedural
morbidity from aggressive management versus that of increased re-
currence after less aggressive management. En bloc resection of
chordoma is well supported as one of the best options to reduce
recurrence,2,3,7–10 and new technologies increase feasibility even for
exceedingly complex tumors.13,27,28 However, in some cases, the long-
term oncological outcome will be similar to that following a less morbid
single-stage intralesional resection. Surgical morbidity must be
weighed against the oncological benefits of aggressive resection,
especially for such locally involved disease. We advocate that these
complex cases are optimally managed at specialty centers where
decisions can bemade in the context of state-of-the-art technology and
the availability of multidisciplinary teams.

References
1. McMaster ML, Goldstein AM, Bromley CM, et al. Chordoma:

incidence and survival patterns in the United States, 1973–1995.
Cancer Causes Control. 2001;12(1):1–11.

2. Mukherjee D, Chaichana KL, Adogwa O, et al. Association of
extent of local tumor invasion and survival in patients withmalignant
primary osseous spinal neoplasms from the Surveillance, Ep-
idemiology, and EndResults (SEER) database.World Neurosurg.
2011;76(6):580–585.

3. Mukherjee D, Chaichana KL, Gokaslan ZL, et al. Survival of
patients with malignant primary osseous spinal neoplasms: results
from the Surveillance, Epidemiology, and End Results (SEER)
database from 1973 to 2003. J Neurosurg Spine. 2011;14(2):
143–150.

4. Smoll NR, Gautschi OP, Radovanovic I, et al. Incidence and
relative survival of chordomas: the standardized mortality ratio and
the impact of chordomas on a population.Cancer. 2013;119(11):
2029–2037.

5. Bakker SH, Jacobs WCH, Pondaag W, et al. Chordoma: a
systematic review of the epidemiology and clinical prognostic
factors predicting progression-free and overall survival. Eur
Spine J. 2018;27(12):3043–3058.

6. Stacchiotti S, Casali PG, Lo Vullo S, et al. Chordoma of the mobile
spine and sacrum: a retrospective analysis of a series of patients
surgically treated at two referral centers. Ann Surg Oncol. 2010;
17(1):211–219.

7. Gokaslan ZL, Zadnik PL, Sciubba DM, et al. Mobile spine chordoma:
results of 166 patients from the AOSpine Knowledge Forum Tumor
database. J Neurosurg Spine. 2016;24(4):644–651.

8. Boriani S, Bandiera S, Biagini R, et al. Chordoma of the mobile
spine: fifty years of experience. Spine (Phila Pa 1976). 2006;31(4):
493–503.

9. Barrenechea IJ, Perin NI, Triana A, et al. Surgical management of
chordomas of the cervical spine. J Neurosurg Spine. 2007;6(5):
398–406.

10. D’Amore T, Boyce B, Mesfin A. Chordoma of the mobile spine and
sacrum: clinical management and prognosis. J Spine Surg. 2018;
4(3):546–552.

11. Goomany A, Timothy J, Robson C, et al. En bloc resection of a
thoracic chordoma is possible using minimally invasive anterior
access: an 8-year follow-up. J Neurosci Rural Pract. 2016;7(1):
138–140.

FIG. 3. Lateral (A andC) and anterior-posterior (B) radiographs taken 4
months postoperatively demonstrate well-positioned hardware without
signs of construct failure. Steel wire used for sternal reapproximation
is also visible in the anterior view.

J Neurosurg Case Lessons | Vol 1 | Issue 6 | February 8, 2021 | 5



12. Liu S, Zhou X, Song A, et al. Surgical treatment of giant chordoma
in the thoracic spine combining thoracoscopic and posterior spinal
surgery: a case report. Medicine (Baltimore). 2019;98(35):
e16990.

13. Luzzati AD, Shah S, Gagliano F, et al. Multilevel en bloc
spondylectomy for tumors of the thoracic and lumbar spine is
challenging but rewarding. Clin Orthop Relat Res. 2015;
473(3):858–867.
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