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TRACHEAL LESIONS



Hermes C. Grillo (1923-2006), 
the « Father of modern tracheal surgery » 

SURGERY OF THE AIRWAYS



• Data on past medical history
o Multiple intubations and tracheostomies, prior operative and/or bronchoscopic procedures

• Radiologic study and flexible and/or rigid bronchoscopy
o Etiology, mechanism, site, length

• Delay of resection
o “Emergency resection of tracheal lesion is rarely, if ever, needed” - Hermes Grillo

• Systemic considerations

PREOPERATIVE EVALUATION



• Is the larynx competent or not ?

"Serious complications may result if a surgeon repairs the trachea without prior 
assurance of laryngeal competence“ Grillo, Surgery of the trachea and bronchi, 2004

KEY QUESTIONS



• Will resection and reconstruction likely exceed safe limits?

One-half of the adult trachea can be resected with primary reconstruction

This theoretical limit can change with : age, anatomical characteristics, type of lesions 
and previous treatments

KEY QUESTIONS



ANESTHESIA FOR TRACHEAL SURGERY

THORACIC ANAESTHESIA
VOLUME 12, ISSUE 12, P558-562, DECEMBER 01, 2011
Anaesthesia for surgery of the trachea and main bronchi
Alistair Macfie, Christopher Hawthorne



SURGICAL APPROACHES



SURGICAL APPROACHES



SURGICAL APPROACHES



RESECTION + DIRECT END-TO-END ANASTOMOSIS

SURGICAL RECONSTRUCTION



PRETRACHEAL MOBILIZATION AND CERVICAL FLEXION

SURGICAL RECONSTRUCTION



EXTENDED LESIONS

RELEASE MANEUVERS

Thyrohyoid laryngeal release procedure 
Technique of Dedo and Fishman

Suprahyoid laryngeal release
Technique of Montgomery

Ann Cardiothorac Surg 2018;7(2):293-298



LARYNGOTRACHEAL LESIONS

PEARSON



CARINAL LESIONS



BENIGN TRACHEAL STENOSIS



JAMA. 2018 Jun 5;319(21):2212-2222

TRACHEAL RECONSTRUCTION
BEFORE 1960 : inhibition AFTER 1960 : development

All problems have been solved…
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…except one: the treatment of extensive lesions

> ½ length in adults (5-6cm), adenoid cystic carcinoma +++

Limits depending upon age, body build, local anatomy, pathology and prior treatment

TRACHEAL RESECTION + END-TO-END ANASTOMOSIS
Not possible or associated with a high morbi-mortality rate

Palliative treatment 
(radiotherapy, chemotherapy, stent)

AIRWAY SUBSTITUTE

Personal unpublished data, P. Joudiou, E. Martinod
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Airway Transplantation 
-Patients with large or complex airway defects that cannot be repaired primarily
-Trachea, carina, bronchi – benign or malignant lesions
-Case reports or small retrospective studies
-Bioengineered substitutes, allotransplantation after heterotopic revascularization 
-Failed to achieve standard of care status due to the lack of prospective data in larger series

JAMA. 2018 Jun 5;319(21):2212-2222

EUROPEAN GROUP Lancet. 2008;372:2023-30 LEUVEN GROUP (DELAERE) N Engl J Med. 2010;362:138-45

LONDON GROUP (ELLIOTT, BIRCHALL) Lancet. 2012;380:994-1000MACCHIARINI GROUP Lancet. 2011;378:1997-2004 RETRACTED



Airway Transplantation – A major clinical challenge 

JAMA. 2018 Jun 5;319(21):2212-2222

“The need for tracheal substitution remains a difficult clinical problem without an ideal prosthetic or graft material”
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)

Nanotechnological strategies for engineering 
complex tissues. Dvir T et al. Dec 12, 2010

In Vivo Tissue Engineering

AORTA = MATRIX

Advantages:
-circular, similar diameter

-strength, elasticity
-resistance to infection

Disadvantage:
-collapse : STENT

https://human-anatomy101.com
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Prof Alain Carpentier, Paris - France



JAMA. 2018 Jun 5;319(21):2212-2222

Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

STEP 1 : AUTOLOGOUS ARTERIAL GRAFT
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

STEP 2 : AUTOLOGOUS AORTIC GRAFT
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

STEP 3 : FRESH AORTIC ALLOGRAFT
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

STEP 4 : FRESH AORTIC ALLOGRAFT - CARINA
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

STEP 5 : CRYOPRESERVED AORTIC ALLOGRAFT
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

STEP 6 : TRACHEAL REGENERATION
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

STEP 7 : BRONCHIAL REPLACEMENT 
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months
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Airway Transplantation Using Stented Aortic Matrices
-1997: research program (Alain Carpentier Foundation)
-7 preclinical studies: autologous and fresh or cryopreserved aortic allografts could be valuable 
airway substitutes (Martinod and coll.)
-Regeneration of epithelium and de novo generation of cartilage: stent removal after 6 months

… OR DEBATED



Airway Transplantation Using Stented Aortic Matrices
-Biological studies : regeneration from recipient cells
-Epithelium : native airways / Cartilage : involvement of bone marrow mesenchymal stem cells
-Aortic matrices : release of cytokines and growth factors by remaining viable cells
-Favorable results led to the first human applications
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Airway Transplantation Using Stented Aortic Matrices
-Biological studies : regeneration from recipient cells
-Epithelium : native airways / Cartilage : involvement of bone marrow mesenchymal stem cells
-Aortic matrices : release of cytokines and growth factors by remaining viable cells
-Favorable results led to the first human applications

J Thorac Cardiovasc Surg. 2013

Ann Thorac Surg. 2017J Thorac Cardiovasc Surg. 2013

Ann Thorac Surg. 2011

Ann Thorac Surg. 2011

JAMA. 2018 Jun 5;319(21):2212-2222
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This prospective study was designed to evaluate the feasibility of airway bioengineering 
using stented cryopreserved aortic allografts as biological matrices

Sponsor: DRCD, Clinical Research Unit (E. Vicaut)

French National Institutional 
Ethical Review Board Approval

with:
-major malignant or benign lesions of the trachea, carina and bronchi untreated with 
conventional therapeutic approaches,
-proximal lung tumors requiring pneumonectomies

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01331863



Radical resection of the lesions was performed using standard surgical techniques
A conventional solution for airway reconstruction was preferred when feasible

Airway reconstruction

Human cryopreserved (−80°C) aortic allograft 
from a certified tissue bank,
not matched by the ABO and leukocyte antigen systems

Stent (custom-made) to prevent airway collapse
-fully covered nitinol stent (Silmet, Novatech) 
-or a silicone stent (Tracheobronxane Dumon, Novatech)

Local muscle flap to promote neovascularization
and prevent fistulization

No immunosuppressive therapy

JAMA. 2018 Jun 5;319(21):2212-2222

APHP EFS Ile de France Banque des Tissus Créteil
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Primary outcome: 90-day mortality

Secondary outcome: 90-day morbidity

After 90 days: all patients followed up for long-term mortality and morbidity outcomes
Last follow-up: November 2, 2017

Biopsy specimens from cryopreserved aortic allografts after stent removal 
-at 15 months in a woman (patient 2) who received an allograft from a male donor
-at 39 months in a man (patient 4) who received an allograft from a female donor

Tissues identified as neoepithelium, neocartilage, and granuloma isolated and used for 
histological studies

Biopsy specimens from patient 2 were used for engraftment (chimerism) studies
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Oct 2009 - Feb 2017: 20 patients

13 M - 7 F, mean age of 54.9 years

5 patients :
-extensive benign (n = 3) or malignant (n = 2) 
tracheal lesions for which previous treatment 
had failed

1 patient:
-carcinoid tumor extending to the distal 
trachea, carina, and main right bronchus

14 patients: 
to avoid a pneumonectomy
-non small cell lung cancer (n = 11)
-carcinoid tumor (n = 2)
-rhabdomyosarcoma (n = 1)
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-13 patients: airway transplantation
-7 patients: standardized approach
-90-day mortality = 7.7%
-Patient 6 died (major stroke)
-No mortality associated with tracheal or 
bronchial transplantation

-Among the 13 patients who underwent airway 
transplantation, major 90-day morbidity in 4 
patients (30.8%): laryngeal edema, acute lung
edema, acute respiratory distress syndrome, 
and atrial fibrillation
-There was no adverse event directly related to 
the surgical technique
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Stent-related complications (granulomas) in 7 patients : bronchoscopic management
No major complication specifically related to the allograft or the stent
Maximal follow-up of 7 years 1 month: 10 patients (76.9%) alive. Of these 10 patients, 8 
(80%) breathed normally through newly formed airways after stent removal
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Stent removal (n = 9; 69.2%) between months 5 and 39 at a mean of 18.2 months 
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Pathological examination: regeneration of a mixed respiratory epithelium
The positive labeling of a biopsy sample from the cryopreserved aortic allograft at 39-
month implantation for specific cartilage markers (type 2 collagen and Sox9) suggested 
the presence of cartilage-like cells 
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Airway bioengineering using stented aortic matrices: feasibility for complex tracheal and 
bronchial reconstruction

Field of airway transplantation: recent advances have been associated with important 
scientific and ethical controversies

International Society of Cell Therapy
specific recommendations for human 
airway bioengineering: prospective 
studies (2014)

Weiss DJ et al. Tracheal
bioengineering. Cytotherapy. 2014;16(12):1601-1613.
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90-day mortality rate : low (7.7%) and associated with carinal transplantation (n=1)
as reported by some other groups (16,6%) Fabre D et al. Successful tracheal replacement in humans 

using autologous tissues. Ann Thorac Surg. 2013;96(4):1146-1155.

Tracheal transplantation (n = 5)
90-day mortality rate = 0% in contrast with some retrospective reports Teixeira da Silva JA. 

Ethical perspectives and ramifications of the Paolo Macchiarini case. Indian J Med Ethics. 2017;2(4):270-275.

Bronchial transplantation to avoid a high-risk pneumonectomy (n=7) 
90-day mortality rate = 0%  
In contrast with mortality after pneumonectomy
Interest of bronchial transplantation Tan Q, Liu R, Chen X, et al. Clinic application of tissue engineered 

bronchus for lung cancer treatment. J Thorac Dis. 2017;9(1):22-29.
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Positive long-term results:

-no death related to the use of stented cryopreserved aortic allografts

-stent removal feasible in the majority of patients as observed in preclinical studies

-majority of patients: breathing and speaking normally without a tracheostomy or stent

-postoperative examinations did not detect a definitive malacia of the cryopreserved
aortic allografts after stent removal
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The present study confirmed prior biological observations:

Regeneration of a mixed respiratory epithelium:
Epithelial cells have gradually repopulated the allograft lumen by direct migration and 
expansion from adjacent native airways (as observed after epithelium destruction)

Immunodetection of type 2 collagen, Sox9-specific markers, and engraftment
(chimerism) studies from samples of neotissues demonstrated de novo generation of 
cartilage within the aortic allografts from recipient cells
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Main hypothesis: this phenomenon promoted progenitor or stem cell homing followed 
by de novo generation of cartilage

Human body: used as a natural bioreactor, allowed in vivo airway tissue engineering

Martinod E et al. 
In vivo tissue engineering of human airways. 
Ann Thorac Surg. 2017;103(5):1631-1640.
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Aortic matrices played a significant role by the release of proangiogenic, chemoattractant, 
proinflammatory and immunomodulatory cytokines, and growth factors

Martinod E et al. 
In vivo tissue engineering of human airways. 
Ann Thorac Surg. 2017;103(5):1631-1640.
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Compared with other techniques, the present solution did not require the use of 
decellularized cadaveric tracheal allografts, recipient cells, artificial bioreactors, or 
immunosuppressive treatment

EUROPEAN GROUP Lancet. 2008;372:2023-30 LEUVEN GROUP (DELAERE) N Engl J Med. 2010;362:138-45

LONDON GROUP (ELLIOTT, BIRCHALL) Lancet. 2012;380:994-1000MACCHIARINI GROUP Lancet. 2011;378:1997-2004 RETRACTED
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Areas for additional research include 

-the possibility to accelerate de novo generation of cartilage for early stent removal;

-the study of mechanisms of airway regeneration within cryopreserved aortic matrices;

-the development of clinical applications using multicenter randomized clinical trials to 
evaluate the benefit-risk balance of this approach for specific indications such as end-stage 
tracheal diseases, locally advanced thyroid cancer, and proximal lung cancer.



Tracheal Surgery : end-stage diseases
Lung Cancer Surgery : to avoid pneumonectomy
Regenerative Medicine

JAMA. 2018 Jun 5;319(21):2212-2222



TRITON 02

TRITON 02 Tracheal Replacement In ThyrOid caNcer (PHRC 2019)

Prospective multicentric randomized study, n=20 centers

Tracheal Replacement Using A Cryopreserved Aortic Allograft For R0 Resection In 

Locally Advanced Thyroid Cancer










