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Three-dimensional model to simulate esophagectomy in patients
with a mediastinal vascular anomaly: to see is to believe
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The thoracic esophagus is located nearby the major
mediastinal vessels, and thus surgeons should be familiar
with the surgical anatomy. However, some patients
undergoing esophagectomy have a concomitant vascular
anomaly, which makes the operation challenging because
many surgeons have seldom encountered the particular
situation. Hamada er a/. reported a case of esophageal cancer
concomitant with a double aortic arch (DAA), successfully
treated by esophagectomy with preoperative simulation
using a 3D model (1).

Vascular rings are congenital aortic arch anomalies that
lead to compression of the trachea and the esophagus.
Vascular rings mainly consist of five categories: DAA, right
aortic arch (RAA) with the left ligamentum arteriosum,
pulmonary artery sling, innominate artery compression,
and aberrant right subclavian artery (ARSA) (2). A two-
dimensional echocardiography screening showed that the
incidence of vascular rings was 0.59% in 186,213 school-
aged children in Taiwan. In the study, the incidences of
ARSA, RAA with left ligamentum, DAA, and pulmonary
artery sling were 0.53%, 0.05%, 0.004%, and 0.006%,
respectively (3).

Esophagectomy for patients with DAA or RAA is
challenging. Dissection of the proximal esophagus and
the upper mediastinal lymph node is complex because the
DAAs or the right-sided aortic arch with left ligamentum
arteriosum create a ring surrounding the esophagus and the

regional lymph nodes to be dissected. We have previously
reported that the cervicothoracoscopic approach consisting
of transcervical upper mediastinal lymphadenectomy
followed by left-sided thoracoscopic esophagectomy was
helpful for esophagectomy in an esophageal cancer patient
with RAA (4).

Esophagectomy for patients with the pulmonary
artery sling is also problematic because an intraoperative
compression of the pulmonary artery may cause circulatory
collapse. We also reported that the cervicothoracoscopic
approach with a right-sided thoracoscopic surgery is practical
to ensure the left recurrent laryngeal nerve lymph node
dissection, preventing pulmonary artery compression (5).
Preoperative planning of the surgical approach is essential to
achieve a favorable result in patients with such situations.

It is well known that ARSA accompanies a right non-
recurrent inferior laryngeal nerve. Surgeons must take
care of this anomaly when dissecting the right recurrent
laryngeal nerve lymph nodes in patients with ARSA. Besides,
we identified different anomalous thoracic duct types in
four ARSA cases (6). Careful inspection of the thoracic
duct is also required in patients with ARSA undergoing
esophagectomy. Understanding the concomitant anomalous
structures is also critical for successful operation.

Patient-specific 3D models of anatomical structures
can be generated from various medical imaging, such as
computed tomography and magnetic resonance imaging (7).
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When performing surgery in cases of very unusual anatomy,
a well-prepared surgical plan based on a simulation using
the 3D models is a key to treatment success. Hamada ez a/.
first reported an esophageal cancer case with DAA that
underwent esophagectomy after a preoperative simulation
using the 3D model (1). The 3D model enables surgeons
to select an appropriate surgical approach for patients with
unusual anatomy. Most importantly, they can try differential
approaches repeatedly and choose the best after trial and
error, which has never been allowed in the real world.
Further, this technology will be an educational tool for
inexperienced surgeons unless patients have anomalous
anatomy. The 3D printing technology will contribute to
improving surgical quality while ensuring safety.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Translational Cancer Research. The
article did not undergo external peer review.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-22-2105/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons

Cite this article as: Watanabe M, Okamura A, Kanamori J,
Imamura Y, Kuriyama K, Sakamoto K, Kanie Y, Maruyama S.
Three-dimensional model to simulate esophagectomy in patients
with a mediastinal vascular anomaly: to see is to believe. Transl

Cancer Res 2022;11(10):3443-3444. doi: 10.21037/tcr-22-2105

© Translational Cancer Research. All rights reserved.

Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Hamada K, Taniyama Y, Yashima Y, et al. Determination
of the best surgical strategy for thoracic esophageal
resection concurrent with double aortic arch using a three-
dimensional model: a case report. Transl Cancer Res
2022;11:3322-8.

2. Worhunsky DJ, Levy BE, Stephens EH, et al. Vascular
rings. Semin Pediatr Surg 2021;30:151128.

3. Yu]JM, Liao CP, Ge S, et al. The prevalence and clinical
impact of pulmonary artery sling on school-aged
children: a large-scale screening study. Pediatr Pulmonol
2008;43:656-61.

4. Okamura A, Watanabe M, Yuda M, et al.
Cervicothoracoscopic Approach for Esophageal Cancer in
a Patient with Right-Sided Aortic Arch. Ann Surg Oncol
2018;25:1287.

5. Takahashi K, Okamura A, Amada E, et al. Esophagectomy
for Esophageal Cancer in a Patient with Left Pulmonary
Artery Sling. Ann Surg Oncol 2020;27:1530.

6. Opya S, Mine S, Watanabe M, et al. Oesophageal cancer
with an aberrant right subclavian artery accompanied
by a thoracic duct anomaly. Eur J Cardiothorac Surg
2015;48:e55-7.

7.  Meyer-Szary J, Luis MS, Mikulski S, et al. The Role of
3D Printing in Planning Complex Medical Procedures
and Training of Medical Professionals-Cross-Sectional
Multispecialty Review. Int ] Environ Res Public Health
2022;19:3331.

Transl Cancer Res 2022;11(10):3443-3444 | https://dx.doi.org/10.21037/tcr-22-2105


https://tcr.amegroups.com/article/view/10.21037/tcr-22-2105/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-22-2105/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

